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R68000 MICROPROCESSOR АМО PERIPHERAL FAMILY 
16-bit Speed and Data Capacity, Peripherals to Build Efficient 
Systems 


Rockwell peripherals give a designer everything the 
68000 family promises. They allow you to design functional 
systems utilizing all the speed and data handling potential 
of the 16-bit 68000 family. 

First of these are the Rockwell designed 16-bit 
peripherals—multi-protocol communications controller, 
double density floppy disk controller, local area network 
controller—each a significant ‘‘first’’ that eliminates the 
“glue parts" between a CPU and peripherals. 

Not to be ignored, however, is the very wide and 
complete family of 8-bit devices—processors, peripherals, 
memory, single-chip microcomputers—compatible with the 
R68000 family. АП of the R6500 family of devices described 
in this Data Book are directly compatible with the R68000 
bus. They often provide efficient, economical and very 
flexible ways of implementing system designs. 

The Rockwell R68000 16-bit microprocessor (MPU) 
operates at clock speeds of 4, 6, 8, 10 or 12.5 MHz to 
match essentially any application. 

The R68561 multi-protocol communications controller 
(МРСС) is the highest throughput communications device 


== 


868000 


ever made commercially available. И орега:е$ up to 

4 Mbits/sec and supports all major communication protocols. 
It'S available to work with either 16-bit or 8-bit busses and 
can be adapted to function with essentially any of today's 
more common busses. 

The R68465 double density floppy disk controller 
(DDFDC) is an intelligent device that can run up to four disk 
drives without the many support devices previously 
required. 

The R68802* provides a flexible local area network 
(LNET) controller for the R68000. И supports both the 
IEEE 802.3 and Ethernet* standards based on the proven 
CSMA/CD technique together with network :statistics. 

Rockwell lets you build efficient and economical 16-bit 
Systems through families of 16-bit and 8-bit peripherals, all 
compatible. No other supplier offers you more. 


*R68802 is a trademark of the Rockwell International Corp. 
*Ethernet is a trademark of the Xerox Corp. 
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16-BIT MICROPROCESSING UNIT (MPU) 


PRELIMINARY 


DESCRIPTION 


The R68000 microprocessor is designed for high performance 
where Operational computation and versatility is required. The 
R68000 provides powerful mass-memory handling capability and 
architectural features designed to fit the broad range of 16-bit 
needs. The Rockwell family of 16-bit products also includes a 
wide range of peripherals that will allow complete system design 
and manufacture. 
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The R68000 offers seventeen 32-bit registers in addition to the 
32-bit program counter and а 16-bit status register. The first eight 
registers (00-07) are used as data registers for byte (8-bit), word 
(16-bit), and long word (32-bit) data operations. The second set 
of seven registers (A0-A6) and the system stack pointer may be 
used as software stack pointers and base address registers. In 
addition, these registers may be used for word and long word 
address operations. All 17 registers may be used as index 
registers. 


FEATURES 


* 16M byte (8M word) Linear Addessing Range 
* 14 Operand Addressing Modes 
* 56 Powerful instruction Types 
* instruction Set Supports Structured High-Level Languages 
* Pipelining Instruction Execution 
* 32-Bit Program Counter 
* 16-Bit Data Bus 
• 23-Цпе Address Виз 
* 32-Bit Data and Address Registers Including: 
— Eight General Purpose Data Registers 
— Seven Address Registers 
— Two Stack Pointers (User, Supervisory) 
* All 17 Registers Can Be Index Registers 
* Memory Mapped Peripheral Devices 
* Vector Generated Exception Processing 
* Seven Unique Autovectors for Interrupt Service Routines 
* Trace Mode for Software Debugging 
* Operations Occur on Five Main Data Types 
— Bit 
— BCD 
— Byte 
— Word 
— Long Word 
* Asynchronous and Synchronous Peripheral Interface 
Capability 
* Many Peripheral Chips Available 
— R68560 Multi-Protocol Communications Controller 
— R68465 Double Density Floppy Disk Controller 
— А68802 Local Network Controller 
* Up to 12.5 MHz Input Clock 
* +5 МОС Power Supply 
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ORDERING INFORMATION 


TO Md 
Order Package 
Number Type Frequency 


Н68000С4 Ceramic DIP 4 MHz 
R68000C6 Ceramic DIP 6 MHz 
R68000C8 Ceramic DIP 8 MHz 
R68000C10 Ceramic DIP 10 MHz 
R68000C12 Ceramic DIP 12.5 MHz 
R6800008 Plastic QUIP 8 MHz 
|| Н68000010 Plastic QUIP 10 MHz 


Temperature 
Range 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +55°С 
0°С to +55°C 
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16-Bit MPU 


SIGNAL DESCRIPTION 


The following paragraphs briefly describe the input and output 
Signals and also reference (if applicable) other paragraphs that 
contain more detail about the function being performed. Bus 
operation during the various machine cycles and operations is 
also discussed. The input and output signals can be functionally 
organized into the groups shown in Figure 1. 


Note 


The terms assertion and negation are used to avoid con- 
fusion when dealing with a mixture of "'active-low"" and 
“active-high” signals. The terms assert, or assertion, indi- 
cates that a signal is active, or true, independent of 
whether that voltage is low or high. The term negate, or 
negation, indicates that a signal is inactive or false. 


ADDRESS BUS (A1 THROUGH A23). This 23-bit, unidirectional, 
three-state bus can address eight megawords ol data. It pro- 
vides the address for bus operation during all cycles except inter- 
rupt cycles. During interrupt cycles, address lines A1, A2, and 
A3 encode the interrupt level to be serviced while address lines 
A4 through А23 are all set high. 


DATA BUS (00 THROUGH 015). This 16-bit, bidirectional, 
three-state bus is the general purpose data path. It transfers and 
accepts data in either word or byte length. During an interrupt 
acknowledge cycle, an external device supplies the vector 
number on data lines DO-D7. 


ASYNCHRONOUS BUS CONTROL. Asynchronous data 
transfers are handled using the following control signals: address 
Strobe, read/write, upper and lower data strobes, and data 
transfer acknowlege. These signals are explained in the follow- 
ing paragraphs. 


ASYNCHRO- 
NOUS BUS 
PRO- CONTROL 
CESSOR 
STATUS 
R6500 BUS 
PERIPH- ARBITRA- 
ERAL TION 
CONTROL CONTROL 
SYSTEM INTERRUPT 
CONTROL CONTROL 


Figure 1. input and Output Signals 
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Address Strobe (AS). The ÁS output indicates that there is a 
valid address on the address bus. 


Read/Write (R/W). The RAV output defines the data bus transfer 
as a read or write cycle. The R/W signal also works in conjunction 
with the upper and lower data strobes as explained in the follow- 
ing paragraph. 


Upper and Lower Data Strobes (UDS, LDS). The UDS and LDS 
outputs control the data on the data bus, as shown in Table 1. 
When the R/W line is high, the processor reads from the data 
bus as indicated. When the R/W line is low, the processor writes 
to the data bus as shown. 


Data Transter Acknowledge (DTACK). The DTACK input indi- 
cates that the data transfer is completed. When the processor 
recognizes DTACK during a read cycle, data is latched and the 
bus cycle terminated. When DTACK is recognized during a write 
cycle, the bus cycle terminates, Refer to ASYNCHRONOUS 
VERSUS SYNCHRONOUS OPERATION. 


BUS ARBITRATION CONTROL. These three signals form a bus 
arbitration circuit to determine which device will be the bus 
master device. 


Bus Request (BR). The BR input indicates to the processor that 
some other device desires to become the bus master. This input 
can be externally ORed with all other devices that could be bus 
masters. 


Bus Grant (BG). The BG output indicates to all other potential 
bus master devices that the processor will release bus control 
at the end of the current bus cycle. 


Bus Grant Acknowledge (BGACK). The BGACK input indicates 

that some other device has become the bus master. This signal 

cannot be asserted until the following four conditions are met: 

1. a bus grant (BG) has been received, 

2. address strobe (AS) is inactive which indicates that the 
Processor is not using the bus 


Table 1. Data Strobe Control of Data Bus 
005 | LDS | R/W 08-015 00-07 
= -4 
High High - No valid data No valid data 
T 1— - < 
Valid data bits Valid data bits 
Low | Low | High Ces C07 
Valid data bits 
High | Low | High | No valid data 4” 
4 и! — 
Valid data bit 
Low High High а! eis "s No valid data 
| L — | 
L Valid data bits Valid data bits 
Low Low Ow 8-15 0-7 
|- 4— 4. — 
Valid data bits Valid data bits 
High | Low |. Low Tom pud 
Valid data bits Valid data bits 
Low High Low 8-15 ! 8415" 
*These conditions аге a result of current implementation and may not 
appear on future devices. 
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3. data transfer acknowledge (DTACK) is inactive which 
indicates that neither memory nor peripherais are using the 
bus, and 

4. bus grant acknowiedge (BGACK) is inactive which 
indicates that no other device is still claiming bus mastership. 


INTERRUPT CONTROL (РКО, IPL1, IPL2). These input pins 
indicate the encoded priority level of the device requesting an 
interrupt. Level seven is the highest priority while level zero indi- 
cates that no interrupts are requested. Level seven cannot be 
masked. iPLO is the least significant bit while IPL2 is the most 
significant bit. To insure an interrupt is recognized, the inter- 
rupt control lines (IPLX) must remain stable until the processor 
signals interrupt acknowledge (FCO, FC1, and FC2 ail high). 


SYSTEM CONTROL. The system control inputs either reset or 
halt the processor or indicate to the processor that bus errors 
have occurred. The three system control inputs are explained 
in the following paragraphs. 


Bus Error (BERR). The BERR input informs the processor that 

a probiem exists with the cycie currently being executed. 

Problems may be a result of: 

1. nonresponding devices, 

2. interrupt vector number acquisition failure, 

3. illegal access request as determined by a memory manage- 
ment unit, or 

4. other application dependent errors. 


The Bus Error (BERR) signal interacts with the НАСТ signal to 
determine if exception processing should be performed or the 
current bus cycle should be retried. 


Refer to BUS ERROR AND HALT OPERATION paragraph for 
additional information about the interaction of the bus error and 
halt signals. 


Reset (RESET). This bidirectional signal line acts to reset (initiate 
a system initialization sequence) the processor and system in 
response to an external reset signal. An internally generated 
reset (result of a RESET instruction) resets all external devices 
while not affecting the internal state of the processor. A total 
System reset (processor and external devices) is the resuit of 
external HALT and RESET signals applied simultaneously. Refer 
to RESET OPERATION paragraph for additional information. 


Halt (HALT). The bidirectional HALT line, when driven by an 
external device, will cause the processor to stop а ће comple- 
tion of the current bus cycle. Halting the processor using HALT 
Causes all control signals to go inactive and all three-state lines 
to go to their high-impedance state. Refer to BUS ERROR AND 
HALT OPERATION paragraph for additional information about 
the interaction between the HALT and BERR signals. 


When the processor has stopped executing instructions, such 
as in a double bus fault condition, the HALT line is driven by 
the processor to indicate to external devices that the processor 
has stopped. Refer to paragaph on Double Bus Faults. 
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R6500 PERIPHERAL CONTROL. These controi signais are 
used to allow the interfacing of synchronous R6500 peripheral 
devices with the asynchronous R68000. These signals are 
explained in the following paragraphs. 


Enable (E). The E output signal is the standard enable signai 
(02 clock) common to ali R6500 type peripheral devices. The 
period for this output is ten R68000 ciock periods (six clocks 
low; four clocks high). Enable is generated by an internal ring 
counter which may come up in any state (i.e., at power on, it 
is impossible to guarantee phase relaticnship of E to CLK). E 
is a free-running clock and runs regardless of the state of the 
bus on the MPU. 


Valid Peripheral Address (VPA). The VPA input indicates that 
the device or region addressed is a R6500 family device and 
that data transfer Should be synchronized with the enable (E) 
signal. This input aiso indicates that the processor should use 
automatic vectoring for an interrupt. Refer to INTERFACE WITH 
R6500 PERIPHERALS. 


Valid Memory Address (VMA). The VMÍA output indicates to 
R6500 peripherai devices that there is a valid address on the 
address bus and that the processor is ѕулсһгопігеа to enable. 
This signal only responds to a valid peripheral address (VPA) 
input which indicates that the peripheral is a R6500 family device. 


PROCESSOR STATUS (FCO, FC1, FC2). These function code 
outputs indicate the state (user or supervisor) and the cycle type 
currently being executed, as shown in Тале 2. The information 
indicated by the function code outputs is valid whenever address 
strobe (AS) is active. 


CLOCK (CLK). The clock input is а TTL-compatible signal that 
is internally buffered for development of the internal clocks 
needed by the processor. The clock input should not be gated 
off at any time and the clock signal must conform to minimum 
and maximum pulse width times. 


SIGNAL SUMMARY. Table З summarizes all the signals dis- 
cussed in the previous paragraphs. 


Table 2. Function Code Outputs 
FC2 FC1 ЕСО Cycle Туре | 
2 Low Low E Low | (Undefined, Reserved) | | 
Low Low High User Data 
“tow | High | Low | Џзег Program | 
B bo | нев | | High DX ^ (Undefined, Reserved) 
High | Low | Low. | (Undefined, Reserved) 
High Low У High Supervisor Data | 
__ High Нов jf Low |. _ Supervisor Program ДЕЕ 
High ју Наћ High Қ пе тирі Acknowledge | 
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Table 3. Signal Summary 2 
^T Т 71 
Hi-Z 
Signal Name Mnemonic Input/Output Active State | On HALT 1 Оп ВСАСК 
Address Bus A1-A23 | Output High | Yes р Үез | 
Data Bus 00-015 L Input/Output High || Yes L Yes 
Address Strobe AS | Output Low | Мо | Yes 
Read/Write RW Output Pepe Мо ЖЕР 
- |. i- 
Upper and Lower Data Strobes UDS, LDS | Ошрш Low li No 1 Yes 
Data Transfer Acknowledge DTACK | Input Low 1 Мо 1 Мо 
Bus Request BR | Input Low | № № 1 
Bus Grant BG | Output mE || Мо | Мо 3% 
Bus Grant Acknowledge BGACK 1 Input | Low || Мо | Мо 
Interrupt Priority Level IPLO, IPL1, IPL2 Input Low No No 
Bus Error BERR | Input | Low || Мо | № | 
Reset RESET | Input/Output Low No* | No* | 
Halt HALT | Input/Output | Low ТІ Мо“ 1 Мо“ 
Enable E. Output | High || Мо | Мо 
Valid Memory Address VMA | Ошрш Low | Мо | Yes | 
Valid Peripheral! Address VPA Input Low || Мо Мо - 
Function Code Output ЕСО, FC1, FC2 Output | High || Мо | Yes _| 
Clock CLK | Input High No No 
Power Input Voc | Input — | — — | 
Ground GND | Input - | - 1 - | 
*Ореп drain. | 


REGISTER DESCRIPTION AND DATA 
ORGANIZATION 


STATUS REGISTER. The status register contains the eight level 
interrupt mask as well as the condition codes; extend (X), 
negative (N), zero (Z), overflow (V), and carry (C). Additional 
status bits indicate that the processor is in a trace (T) mode 
and/or in a supervisor (S) state. 


Status Register 


г =] 
ЗУЗТЕМ ВУТЕ USER BYTE* 
и 
15 13 10 в 4 0 
S x S 
т з ен К хм |: |6] 
АВА и О К ү 
| | 
TRACE MODE INTERRUPT ЕХТЕМО 
SUPERVISOR MASK NEGATIVE 
STATE ZERO 
OVERFLOW 
CARRY 
*CONDITION CODE REGISTER 
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ОРЕВАМО SIZE 


Operand sizes are defined as follows: a byte equals 8 bits, a 
word equals 16 bits, and a long word equals 32 bits. The operand 
size for each instruction is either explicitly encoded in the instruc- 
tion or implicitly defined by the instruction operation. Implicit 
instructions support some subset of all three sizes. 


DATA ORGANIZATION IN REGISTERS 


The eight data registers support data operands of 1, 8, 16, or 
32 bits. The seven address registers together with the active 
stack pointer support address operands of 32 bits. 


DATA REGISTERS. Each data register is 32 bits wide. Byte 
operands occupy the low order 8 bits, word operands the low 
order 16 bits, and long word operands the entire 32 bits. The 
least significant bit is addressed as bit zero; the most signifi- 
cant bit is addressed as bit 31. When a data register is used 
as either a source or destination operand, only the appropriate 
low-order portion is changed; the remaining high order portion 
is neither used nor changed. 
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10 9 


BYTE 000000 


8 7 
WORD 000000 


WORD 000002 


BYTE 000002 | ВҮТЕ 000003 7 


WORD FFFFFE 


BYTE FFFFFE | BYTE FFFFFF 


BYTE 000001 


Figure 2. Word Organization in Memory 


ADDRESS REGISTERS. Each address register and the stack 
pointer is 32 bits wide and holds a full 32-bit address. Address 
registers do not support byte sized operands. Therefore, when 
an address register is used as a source operand, either the low 
order word or the entire long word operand is used depending 
upon the operation size. When an address register is used as 
the destination operand, the entire register is affected regardless 
of the operation size. If the operation size is word, any other 
operands are sign extended to 32 bits before the operation is 
performed. 


DATA ORGANIZATION IN MEMORY 


Bytes are individually addressable with the high order byte 
having an even address the same as the word, as shown in 
Figure 2. The low order byte has an odd address that is one 
higher than the word address. Instructions and multi-byte data 
are accessed only on word (even byte) boundaries. If a long word 
datum is located at address n (n even), then the second word 
of that datum is located at address n + 2. 


The data types supported by the R68000 are: bit data, integer 
data of 8, 16, or 32 bits, 32-bit addresses and binary coded 
decimal data. Each of these data types is put in memory, as 
shown in Figure 3. The numbers indicate the order in which data 
is accessed from the processor. 


BUS OPERATION 


The following paragraphs explain control signal and bus opera- 
tion during data transfer operations, bus arbitration, bus error 
and halt conditions, and reset operation. 


DATA TRANSFER OPERATIONS. Transfer of data between 
devices involves the following signals: 

* Address Bus A1 through A23 

* Data Bus 00 through 015 

* Control Signals 


The address and data buses are separate parallel buses which 
transfer data using an asynchronous Бие structure. In all cycles, 
the bus master assumes responsibility for deskewing all signals 
it issues at both the start and end of a cycle. In addition, the 
bus master is responsible for deskewing the acknowledge and 
data signals from the slave device. 


The following paragraphs explain the read, write, and read- 
modify-write cycles. The indivisible read-rnodify-write cycle is the 
method used by the R68000 for interlocked multiprocessor 
communications. 


Read Cycle. During a read cycle, the processor receives data 
from memory or a peripheral device. The processor reads bytes 
of data in all cases, and for a word (or double word) operation, 
the processor reads both upper and lower bytes simultaneously 
by asserting both upper and lower аа`а strobes. When the 
instruction specifies byte operation, the processor uses an 
internal AO bit to determine which byte to read and then issues 
the data strobe required for that byte. When the AO bit equals 
zero, the upper data strobe is issued, and when the AO bit equals 
one, the lower data strobe is issued. The processor correctly 
positions the received data internally. 


A word read cycle flow chart is given in Figure 4. A byte read 
cycle flow chart is given in Figure 5. Read cycle timing is given 
in Figure 6. Figure 7 details word and byte read cycle operations. 


Write Cycle. During a write cycle, the processor sends bytes 
of data to memory or a peripheral device. If the instruction 
Specifies a word operation, the processor writes both bytes. 
When the instruction specifies a byte operation, the processor 
uses an internal AO bit to determine which byte to write and then 
issues the data strobe required for that byte. When the AO bit 
equals zero, the upper data strobe is issued and when the АО 
bit equals one, the lower data strobe is issued. A word write cycle 
flow chart is given in Figure 8. A byte write cycle flow chart is 
given in Figure 9. Write cycle timing is given in Figure 6. 
Figure 10 details word and byte write cycle operation. 
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1 BYTE = 8 BITS 
4 


В68000 
БІТ РАТА 


ІМТЕСЕН РАТА 
1 ВҮТЕ = 8 8175 


1 LONG WORD = 32 BITS 
9 8 7 6 5 


LOW ORDER 


— — LONGWORD2— — — — — —— — —— — 


ADDRESSES 
1 ADDRESS = 32 BITS 
5 4 ЕЈ 2 1 0 


13 12 11 10 9 8 7 6 
HIGH ORDER 


LOW ORDER 


MOST SIGNIFICANT BIT 
LEAST SIGNIFICANT BIT 

DECIMAL DATA 
2 BINARY CODED DECIMAL DIGITS = 1 BYTE 


MSB = 
LSB = 


Figure 3. Data Organization In Memory 
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BUS MASTER SLAVE 


ADDRESS DEVICE 


1) SET R/W TD READ 

2) PLACE FUNCTIDN CODE ON ЕСО-ЕС2 

3) PLACE ADDRESS ON А1-А23 | 

4) ASSERT ADDRESS STROBE (AS) __ 

5) ASSERT UPPER DATA STROBE (UDS) AND 
LOWER DATA STROBE (LDS) 


| 


МРУТ РАТА 


1) РЕСОРЕ ADDRESS 

2) PLACE DATA ОМ 00-015 

3) ASSERT DATA TRANSFER ACKNOWLEDGE 
(DTACK) 


| 


ACQUIRE DATA 
1) LATCH DATA 
2) NEGATE UDS AND LDS 
3) NEGATE AS 


|| 


TERMINATE CYCLE 


1) REMOVE DATA FROM 00-015 
2) NEGATE DTACK 


| 


START NEXT CYCLE 


BUS MASTER SLAVE 


ADDRESS DEVICE 


1) SET R/W TD READ 

2) PLACE FUNCTION CODE ON FCO-FC2 

3) PLACE ADDRESS ON А1-А23 __ 

4) ASSERT ADDRESS STROBE (AS). 

5) ASSERT UPPER DATA STROBE (UDS) OR 
LOWER DATA STROBE (LDS) (BASED ON А0) 


E 25 


INPUT DATA 


1) DECODE ADDRESS 

2) PLACE DATA ON 00-07 or D8-D.15 (BASED ON 
UDS OR LDS) 

3) ASSERT DATA TRANSFER ACKNOWLEDGE 
(DTACK) 


у z 3 


ACQUIRE DATA 
1) LATCH DATA 
2) NEGATE UDS OR LDS 
3) NEGATE AS 


=== | 


3 


TERMINATE CYCLE 


1) REMOVE DATA FROM 00-015 CR 08-015 
2) NEGATE DTACK 


START NEXT CYCLE 


Figure 4. Word Read Cycle Flow Chart 


Read-Modify-Write Cycle. The read-modify-write cycle performs 
a read, modifies the data in the arithmetic-logic unit, and writes 
the data back to the same address. In the R68000 this cycle 
is indivisible in that the address strobe is asserted throughout 
the entire cycle. The test and set (TAS) instruction uses this cycle 
to provide meaningful communication between processors in a 
multiple processor environment. TAS is the only instruction that 
uses the read-modify-write cycles. Since the test and set instruc- 
tion only operates on bytes, all read-modify-write cycles are byte 
operations. A read-modify-write cycle flow chart is given in 
Figure 11 and a timing diagram is given in Figure 12. 


BUS ARBITRATION. Bus arbitration is a technique used by 
master-type devices to request, be granted, and knowledge bus 
mastership. In its simplest form, it consists of: 

1. asserting a bus mastership request, 


2. receiving a grant that the bus is available at the end of the 
current cycle, and 


3. acknowledging that mastership has been assumed. 
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Figure 5. Byte Read Cycle Flow Chart 


Figure 13 is a flow chart showing the detail invcived in a request 
from a single device. Figure 14 is a timing діад ат for the same 
operation. This technique allows processing of bus requests dur- 
ing data transfer cycles. 


The timing diagram shows that the bus request is negated at 
the time that an acknowledge is asserted. This is true for a 
System consisting of the processor and one device capable of 
bus mastership. However, in systems having a number of 
devices capable of bus mastership, the bus raquest line from 
each device is ORed to the processor. In this system, it is easy 
to see that there could be more than one bus request being 
made. The timing diagram shows that the bus grant signals 
negate a few clock cycles after the transition of the acknowledge 
(BGACK) signal. 


However, if the bus requests are still pending, the processor will 
assert another bus grant within a few clock cycles after nega- 
tion. This additional assertion of bus grant allows external arbitra- 
tion circuitry to select the next bus rnaster before the current 
bus master has completed its requirements. The following para- 
graphs provide additional information about tre three steps in 
the arbitration process. 
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Figure 6. Read and Write Cycle Timing Diagram 
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Figure 7. Мога and Byte Read Cycle Timing Diagram 


Receiving the Bus Grant. Normally the processor asserts bus 


Requesting the Bus. External devices capable of becoming bus grant (BG) as soon as possible after internal synchronization. The 


masters request the bus by asserting the bus request (BR) signal. 
This ORed signal (although it need not be constructed from open 
collector devices) indicates to the processor that some external 
device requires control of the external bus. The processor, at 
a lower bus priority level than the external device, will relinquish 
the bus after it has completed the last bus cycle it has started. 
If no acknowledge is received before the bus request signal goes 
inactive, the processor will continue processing when it detects 
that the bus request is inactive. This allows ordinary processing 
to continue if the arbitration circuitry inadvertently responded 
to noise. ' 
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only exception occurs when the processor has made an inter- 
nal decision to execute the next bus cycle but has not progressed 
far enough into the cycle to have asserted the address strobe 
(AS) signal. In this case, bus grant will not be asserted until one 
clock after address strobe is asserted to indicate to external 
devices that a bus cycle is being executed. 


The bus grant signal may be routed through a daisy-chained 
network or through a specific priority-encoded network. The proc- 
essor is not affected by the external method of arbitration as 
long as the protocol is obeyed. 
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1) PLACE FUNCTION CODE ON ЕСО-ЕС2 
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3) ASSERT ADDRESS STROBE (AS) 
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5) PLACE DATA ON 00-015 E 

6) ASSERT UPPER DATA STROBE (UDS) AND 
LOWER DATA STRDBE (LDS) 


INPUT DATA 


1) DECODE ADDRESS 

2) STORE DATA ON 00-015 

3) ASSERT DATA. TRANSFER 
ACKNOWLEDGE (DTACK) 


анай 


TERMINATE OUTPUT TRANSFER 
1) NEGATE UDS AND LDS 
2) NEGATE AS 
3) REMOVE DATA FROM 00-015 


4) SET R/W TO READ 


TERMINATE CYCLE 
1) NEGATE DTACK 


START NEXT CYCLE 


BUS MASTER SLAVE 

ADDRESS DEVICE 

1) PLACE FUNCTION CODE ON ЕСО-ЕС2 

2) PLACE ADDRESS ОМ А1-А23 _ 

3) ASSERT ADDRESS STROBE (AS) 

4) Set R/W TD WRITE 

5) PLACE DATA ON 00-07 or 08-015 (ACCORDING 
TO A0) uu 

6) ASSERT UPPER DATA STROBE (005) OR 

LOWER DATA STROBE (LDS) (BASED DN A0). 


INPUT DATA 


1) DECODE ADDRESS 

2) STORE DATA ON 00-07 if 1.05 IS ASSERTED 
STORE DATA DN D8-D15 IF UDS IS ASSERTED 

3) ASSERT DATA TRANSFER 

ACKNOWLEDGE (DTACK) 


C£ 


TERMINATE OUTPUT TRANSFER 
1) NEGATE UDS OR LDS 
2) NEGATE AS 
3) REMOVE DATA FROM 00-07 OR 08-015 
4) SET R/W TO READ 


ў. 


L— 
“TERMINATE CYCLE 
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Figure 8. Word Write Cycle Flow Chart 


Figure 9. Byte Write Cycle Fiow Chart 
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Figure 10. Word and Byte Write Cycle Timing Diagram 
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3) ASSERT DATA TRANSFER ACKNOWLEDGE 
(DTACK) 
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TERMINATE CYCLE 
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START OUTPUT TRANSFER 
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1) STORE DATA ON 00-07 OR 08-015 
2) ASSERT DATA TRANSFER ACKNOWLEDGE 
(DTACK) 
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3) REMOVE DATA FROM 00-07 OR 08-015 
4) SET R/W TO READ 


1) NEGATE DTACK 
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Figure 11. Реад-Модну-Мтне Cycle Flow Chart 


AS \ / 
UDS OR LDS \ / \ / 


------:- INDIVISIBLE CYCLE ----- 


Figure 12. Read-Modify-Write Cycle Timing Diagram 
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PROCESSOR REQUESTING DEVICE 


REQUEST THE BUS 
1) ASSERT BUS REQUEST (BR) 


— 


GRANT BUS ARBITRATION 
1) ASSERT BUS GRANT (BG) 


LIE 


ACKNOWLEDGE BUS MASTERSHIP 

1) EXTERNAL ARBITRATION DETERMINES 
NEXT BUS MASTER 

2) NEXT BUS MASTER WAITS FOR CUR- 
RENT CYCLE TO COMPLETE 

3) NEXT BUS MASTER ASSERTS BUS 
GRANT ACKNOWLEDGE (BGACK) TO 
TO BECOME NEW ае 

4) BUS MASTER NEGATES 1 

TERMINATE ARBITRATION 

1) NEGATE BG (AND WAIT FOR 

BGACK TO BE NEGATED) 


ү 


OPERATE AS BUS MASTER 


1) PERFORM DATA TRANSFER (READ AND 
WRITE CYCLES) ACCORDING TO THE 
SAME RULES THE PROCESSOR USES 


| 


= 


Ы 


RELEASE BUS MASTERSHIP 
1) NEGATE BGACK 


RE-ARBITRATE OR RESUME 
PROCESSOR OPERATION 1 


Figure 13. Bus Arbitration Cycle Flow Chart 


Acknowledgment of Mastership. Upon receiving a bus grant 
(BG), the requesting device waits until address strobe (AS), data 
transfer acknowledge (DTACK), and bus grant acknowledge 
(BGACK) are negated before issuing its own BGACK. The nega- 
tion of the address strobe indicates that the previous master has 
completed its cycle, while the negation of bus grant acknowledge 
indicates that the previous master has released the bus. (If 
address strobe is asserted no device is allowed to "break into" 
a cycle.) The negation of data transfer acknowledge indicates 
the previous slave has terminated its connection to the previous 
master. In some applications data transfer acknowledge may 
not be required. In this case the devices would use the address 
strobe. When bus grant acknowledge is issued the device is bus 
master. Only after the bus cycle(s) is (are) completed should bus 
grant acknowledge be negated to terminate bus mastership. 
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The bus request from the granted device should be dropped after 
bus grant acknowledge is asserted. If a bus request is still 
pending, another bus grant will be asserted within a few clocks 
of the negation of bus grant. Refer to Bus Arbitration Control 
section. The processor does not perform any external bus cycles 
before it reasserts bus grant. 


BUS ARBITRATION CONTROL. The bus arbitration control unit 
in the R68000 is implemented with a finite state machine. A state 
diagram of this machine is shown in Figure 15. All asynchronous 
signals to the R68000 are synchronized before being used inter- 
nally. This synchronization is accomplished in a maximum of 
one cycle of the system clock, assuming that the asynchronous 
input setup time (#47) has been met (see Figure 16). The input 
signal is sampled on the falling edge of the clock and is valid 
internally after the next falling edge. If BH and BGACK meet 
the asynchronous set-up time tASI (#47), then tBGKBR (#37А) 
can be ignored. If BR and BGACK are asserted asynchronously 
with respect to the clock, BGACK has to b? asserted before BR 
is negated. 


As shown in Ғідиге 15, input signals labe'ed В and A are inter- 
nally synchronized on the bus request and bus grant 
acknowledge pins respectively. The bus grant output is labeled 
G and the internal three-state control signal T. If T is true, the 
address, data, and control buses are placed in a high-impedance 
state when AS is negated. All signals are shown in positive logic 
(active high) regardless of their true active voltage level. 


State changes (valid outputs) occur on the next rising clock edge 
after the internal signal is valid. 


A timing diagram of the bus arbitration sequence during a 
processor bus cycle is shown in Figure 17. The bus arbitration 
sequence while the bus is inactive (i.e., executing internal opera- 
tions such as a multiply instruction) is shown in Figure 18. 


If a bus request (BR) is made at a time when the MPU has 
already begun a bus cycle but AS has not been asserted (bus 
state 50), BG will not be asserted on the next rising edge. Instead 
BG will be delayed until the second rising ecge following its inter- 


nal assertion. This sequence is shown in Figure 19. 


BUS ERROR AND HALT OPERATION. In a bus architecture 
that requires a handshake from an external device, the possibility 
exists that the handshake might not occur. Since different 
systems will require a different maximum response time, a bus 
error input is provided. 


External circuitry must be used to determine the duration 
between address strobe and data transfer acknowledge before 
issuing a bus error signal. When a bus error signal is received, 
the processor has two options: initiate a bus error exception 
sequence or try running the bus cycle again. 
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THREE-STATE CONTROL TO BUS CONTROL LOGIC? of S2, AS will be negated in 57 in either a read or write cycle. 
DON’T CARE As long as BERR remains asserted, the data and address buses 


| 2. THE ADDRESS BUS WILL BE PLACED IN THE HIGH sequence is composed of the following elements: 
| WPEDANGE STATE IF T IS ASSERTED AND AS 1. stacking the program counter and status register, 
2. stacking the error information, 
Figure 15. State Diagram of R68000 Bus 3. reading the bus error vector table entry, and 
Arbitration Unit 4. executing the bus error handler routine. 
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Figure 16. Timing Relationship of External 
Asynchronous Inputs to Internal Signals 


Bus Error Operation. When BERR is asserted, the current bus 


will be in the high-impedance state. When BERR is negated, 
the processor will begin stacking for exception processing. 
Figure 20 is a timing diagram for the exception sequence. The 
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Figure 17. Виз Arbitration During Processor Bus Cycle 
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Figure 18. Bus Arbitration with Bus Inactive 
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Figure 19. Bus Arbitration During Processor Bus Cycle Special Case 
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Figure 20. Bus Error Timing Diagram 
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The stacking of the program counter and the status register is 
identical to the interrupt sequence. Several additional items are 
stacked when a bus error occurs. These items are used to deter- 
mine the nature of the error and correct it, if possible. The bus 
error vector is vector number two located at address $000008. 
The processor loads the new program counter from this loca- 
tion. A software bus error handler routine is then executed by 
the processor. Refer to EXCEPTION PROCESSING for addi- 
tional information. 


Re-Running the Bus Cycle. When, during a bus cycle, the 
processor receives а BERR, and HALT is being driven by an 
external device, the processor enters the re-run sequence. 
Figure 21 is a timing diagram for re-running the bus cycle. 


The processor terminates the bus cycle, then puts the address 
and data output lines in the high-impedance state. The processor 
remains “‘halted’’ and will not run another bus cycle until exter- 
nal logic negates HALT. Then the processor will re-run the 
previous bus cycle using the same address, the same function 
codes, the same data (for a write operation), and the same con- 
trols. BERR should be negated at least one clock cycle before 
HALT is negated. 


Note 


The processor will not re-run a read-modify-write cycle. 
This restriction is made to guarantee that the entire cycle 
runs correctly and that the write operation of a Test-and- 
Set operation is performed without ever releasing AS. If 
BERR and HALT are asserted during a read-modify-write 
bus cycle, a bus error operation resuits. 


Halt Operation with No Bus Error. The HALT input signal to 
the R68000 performs a Halt/Run/Single-Step function in a similar 
fashion to the R6500 halt functions. When the HALT signal is 
constantly active the processor “һай” (does nothing) and when 
the HALT signal is constantly inactive the processor “runs” 
(does something). 
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The single-step mode, derived from correctly timed transitions 
on the НАСТ signal input, forces the processor to execute a 
single bus-cycle by entering the “тип” mode until the processor 
starts а bus cycle then changing to the “һа” mode. Thus, the 
single-step mode allows the user to proceed through (and 


therefore debug) processor operations one bus cycle at a time. 


Figure 22 details the timing required for correct single-step 
operations. Some care must be exercised to avoid harmful inter- 
actions between BERR and HALT when using the single cycle 
mode as a debugging tool. This is also true of interactions 


between the HALT and RESET lines since these can reset the 
machine. 


When the processor completes a bus губе after recognizing 
that HALT is active, most three-state signals are put in the high- 
impedance state. These include: 

1. address lines, and 

2. data lines. 


This is required for correct performance of the re-run bus cycle 
operation. 


Honoring the halt request has no effect on bus arbitration. Only 
the bus arbitration function removes the control signals from the 
bus. 


Totai debugging flexibility is derived from the software debugging 
package, the halt function, and the hardware trace capability. 
These processor capabilities allow the hardware debugger to 
trace single bus cycles or single instructions at a time. 


Double Bus Faults. When a bus error exception occurs, the 
processor will attempt to stack several words containing informa- 
tion about the state of the machine. If a bus error exception 
occurs during the stacking operation, there have been two bus 
errors in a row, or a double bus fault. A clouble bus fault causes 
the processor to halt. Once a bus error exception has occurred, 
any bus error exception occurring before the execution of the 
next instruction constitutes a double bus fault. 
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Figure 21. Re-Run Bus Cycle Timing Diagram 


1-18 


R68000 


16-Bit MPU 


RW 


А Су 
AS \ / \ / 
LDS 005 \ / \ / 


DTACK N / N / 

^l mmm ERE LIC ABE mM MEME e 

515 NES Е И. ЗЕ Е РЖ 
ma Na ТУТ - 


[<— READ > — e a a READ ———>| _ 


Figure 22. Halt Signal Timing Waveforms 


Note that a bus cycle which is re-run does not constitute a bus 
error exception, and does not contribute to a double bus fault. 
This means that as long as the external hardware requests it, 
the processor will continue to re-run the same bus cycle. 


The bus error (BERR) pin also has an effect on processor opera- 
tion after the processor receives an external reset input. The 
processor reads the vector table after a reset to determine the 
address to start program execution. If a bus error occurs while 
reading the vector table (or at any time before the first instruc- 
tion is executed), the processor reacts as if a double bus fault 
has occurred and it halts. Only an external reset will start a halted 
processor. 


RESET OPERATION. The reset signal is a bidirectional signal 
that allows either the processor or an external signal to reset 
the system. Figure 23 is a timing diagram for reset operations. 
Both HALT and RESET must be applied to ensure total reset 
of the processor. 


When the RESET and HALT are driven by an external device 
the entire system, including the processor, is reset. The 
processor responds by reading the reset vector table entry (vec- 
tor number zero, address $000000) and loads it into the super- 
visor stack pointer (SSP). Vector table entry number one at 
address $000004 is read next and loaded into the program 
counter. The processor initializes the status register to an inter- 
rupt level of seven, with no other register being affected. 


Execution of the RESET instruction drives the reset pin low for 
124 clock periods. п this case, the processor is trying to reset 
the rest of the system. The internal state of the processor, includ- 
ing the processor's internal registers and the status register, is 
unaffected by the execution of a RESET instruction. All external 
devices connected to the reset line will be reset at the comple- 
tion of the RESET instruction. 


Asserting RESET and HALT for 10 clock cycles will cause a 
processor reset, except when Vcc is initially applied to the 
processor. In this case, an external reset must be applied for 
100 milliseconds. 
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THE RELATIONSHIP OF DTACK, BERR, AND 
HALT 


In order to properly control termination of a bus cycle for a re-run 
or a bus error condition, DTACK, BERR, and HALT should be 
asserted and negated on the rising edge of R68000 clock. This 
will assure that when two signals are asserted simultaneously, 
the required setup time (#47) for both of them will be met during 
the same bus state. 


This, or some equivalent precaution, should be designed exter- 
nal to the R68000. Parameter #48 is intended to ensure this 
operation in a totally asynchronous system, and may be ignored 
if the above conditions are met. 


The preferred bus cycle terminations may be summarized as 
follows (case numbers refer to Table 4): 
Normal Termination: DTACK occurs first (case 1). 


Halt Termination: HALT is asserted at same time, or precedes 
DTACK (no BERR) cases 2 and 3. 


Bus Error Termination: BERR is asserted in lieu of, at same 
time, or preceding DTACK (case 4); BERR negated at same 
time, or after DTACK. 


Re-Run Termination: HALT and BERR asserted in lieu of, at 
the same time, or before DTACK (cases 6 and 7); HALT must 
be negated at least one cycle after BERR. (Case 5 indicates 
BERR may precede HALT which allows fully asynchronous 
assertion). 


Table 4 details the resulting bus cycle termination under various 
combinations of control signal sequences. The negation of these 
same contro! signals under several conditions is shown іп 
Table 5. (DTACK is assumed to be negated normally in all 
cases; for best results, both DTACK and BERR should be 
negated when address strobe is negated). 


Example А: А system uses a watch-dog timer to terminate 
accesses to unpopulated address space. The timer asserts 
DTACK and BERR simultaneously after timeout (case 4). 
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Figure 23. Reset Operation Timing Diagram 


Example B: A system uses error detection on RAM contents. 
Designer may (a) delay DTACK until data verified, and return 
BERR and HALT simultaneously to re-run error cycle (case 6), 
or if valid, return DTACK (case 1); (b) delay DTACK until data 
verified and return BERR at same time as DTACK if data in 
error (case 4). 


ASYNCHRONOUS VERSUS SYNCHRONOUS 
OPERATION 


Asynchronous Operation 


To achieve clock frequency independence at a system level, the 
R68000 can be used in an asynchronous manner. This entails 
using only the bus handshake lines (AS, UDS, LDS, DTACK, 
BERR, HALT, and VPA) to control the data transfer. Using this 
method, AS signals the start of a bus cycle and the data strobes 
are used as a condition for valid data on a write cycle. The slave 
device (memory or peripheral) then responds by placing the 
requested data on the data bus for a read cycle or latching data 
on a write cycle and asserting the data transfer acknowledge 
signal (DTACK) to terminate the bus cycle. || no slave reponds 
or the access is invalid, external contro! logic asserts the BERR, 
or BERR and HALT, signal to abort or rerun the bus cycle. 


The DTACK signal is allowed to be asserted before the data from 
a slave device is valid on a read cycle. The length of time that 
DTACK may precede data is given as parameter £31 (See 
Figure 45) and it must be met in any asynchronous system to 
insure that valid data is latched into the processor. Notice that 
there is no maximum time specified from the assertion of AS 
to the assertion of DTACK. This is because the MPU 
will insert wait cycles of one clock period each until DTACK is 
recognized. 
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The BERR signal is allowed to be asserted after the DTACK 
signal is asserted. BERR must be asserted within the time given 
as parameter #48 аКег DTACK is assertec in any asynchronous 
System to insure proper operation. If this maximum delay time 
is violated, the processor may exhibit erratic behavior. 


Synchronous Operation 


To allow for those systems which use the system clock as a 
signal to generate DTACK and other asyrichronous inputs, the 
asynchronous inputs setup time is given as parameter #47. If 
this setup is met on an input, such as DTACK, the processor is 
guaranteed to recognize that signal on the next falling edge of 
the system clock. However, the converse is not true—if the input 
signal does not meet the setup time it is not guaranteed not to 
be recognized. In addition, if DTACK is recognized on a falling 
edge, valid data will be latched into the processor (on a read 
cycle) on the next falling edge provided that the data meets the 
setup time given as parameter #27. Given this, parameter #31 
may be ignored. Note that if DTACK is asserted, with the required 
setup time, before the falling edge of S4, no wait states will be 
incurred and the bus cycle will run at its maximum speed of four 
clock periods. 


In order to assure proper operation in a synchronous system 
when BERR is asserted after DTACK, the following conditions 
must be met. Within one clock cycle after DTACK was recog- 
nized, BERR must meet the setup time parameter #27А prior 
to the falling edge of the next clock. The setup time is critical 
to proper operation, and the R68000 may exhibit erratic behavior 
if it is violated. 


Note 


During an active bus cycle, УРА and BERR are sampled 
on every falling edge of the clock starting with 50. DTACK 
is sampled on every falling edge of the clock starting with 
S4 and data is latched on the falling edge of S6 during 
a read. The bus cycle will then be termirated in S7 except 
when BERR is asserted in the absence of DTACK, in 
which case it will terminate one clock cycle later in S9. 


R68000 16-Bit MPU 
Table 4. DTACK, BERR, HALT Assertion Results 
a 
Asserted on Rising 
Edge of State 
Case Control ааа 
Мо. Stgnai N N +2 Resuit 
DTACK A $ 
1 BERR NA X Normal cycle terminate and continue. 
HALT NA X 
DTACK А $ 
2 BERR NA X Normal cycle terminate and halt. Continue when HALT removed. 
HALT А $ i 
DTACK NA A 
3 BERR NA NA Normal cycle terminate and halt. Continue when HALT removed. 
HALT | А 5 : _| 
gi ы 
ОТАСК X X 
4 BERR А $ Terminate and take bus error trap. 
HALT NA NA _| 
DTACK NA X 
5 BERR A $ Terminate and re-run. 
HALT NA A 
DTACK X X 
6 BERR A S Terminate and re-run when HALT removed. 
HALT А $ | 3) 
ОТАСК МА X 
7 BERR NA А Terminate and re-run when HALT removed. 
HALT A $ 
° 
Legend: 
№ — the number of the current even bus state (е.д., 54, 56, etc.) 
А — signal is asserted in this bus state 
NA — signal is not asserted in this state 
X —don’t care 
| $ C— signal was asserted in previous state and remains asserted in this state 
Table 5. BERR AND HALT Negation Results 
Negated on Rising 
Conditions of Edge of State 
Termination in Control L 
| Tabie 4-4 Signal N N+ 2 Resuits — Next Cycle 
pm —1 
BERR 2 ог 2 
Bus Error HALT e or • Takes bus error trap. 
BERR • ог • 
Re-run HALT e Illegal sequence; usually traps to vector number 0. 
BERR e. | 
Re-run HALT e Re-runs the bus cycle. 
BERR • 
А Normal HALT e or ә Мау lengthen next cycle. 
BERR • ; P à 
Normal HALT © ог none if next cycle is started it will be terminated as a bus error. 
@ = Signal is negated in this bus state. 
ажысы dl — S 
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PROCESSING STATES 


The following paragraphs describe the actions of the R68000 
which are outside the normal processing associated with the 
execution of instructions. The functions of the bits in the super- 
visor portion of the status register are covered: the super- 
visor/user bit, the trece enable bit, and the processor interrupt 
priority mask. The sequence of memory references and actions 
taken by the processor on exception conditions are detailed. 


The R68000 is always in one of three processing states: nor- 
mal, exception, or halted. The normal processing state 
associated with instruction execution; the memory references 
are to fetch instructions and operands, and to store results. A 
special case of the normal state is the stopped state which the 
processor enters when a STOP instruction is executed. In this 
state, no further references are made. 


The exception processing state is associated with interrupts, trap 
instructions, tracing and other exceptional conditions. The 
exception may be internally generated by an instruction or by 
an unusual condition arising during the execution of an instruc- 
tion. Externally, exception processing can be forced by an inter- 
rupt, by a bus error, or by a reset. Exception processing is 
designed to provide an efficient context switch so that the 
processor may handle unusual conditions. 


The halted processing state is an indication of a catastrophic 
hardware failure. For example, if during the exception processing 
of a bus error another bus error occurs, the processor assumes 
that the system is unusable and halts. Only an external reset 
can restart a halted processor. Note that a processor in the 
stopped state is not in the halted state, nor vice versa. 


PRIVILEGE STATES 


The processor operates in one of two states of privilege: the 
"user" state or the "supervisor" state. The privilege state deter- 
mines legal operations. It is used to choose between the super- 
visor stack pointer and the user stack pointer in instruction 
references, and by the external memory management device 
to control and translate accesses. 


The privilege state is a mechanism for providing security in a 
computer system by allowing most programs to execute in user 
state. In this state, the accesses are controlled, and the effects 
on other parts of the system are limited. Programs should access 
only their own code and data areas, and ought to be restricted 
from accessing information. 


The operating system which executes in the supervisor state, 
has access to all resources and performs the overhead tasks 
for the user state programs. 


SUPERVISOR STATE. The supervisor state is the higher state 
of privilege. For instruction execution, the supervisor state is 
determined by asserting (high) the S-bit of the status register. 
All instructions can be executed in the supervisor state. The bus 
cycles generated by instructions executed in the supervisor state 
are classified as supervisor references. While the processor is 
in the supervisor privilege state, those instructions which use 
either the system stack pointer implicitly or address register 
seven explicitly access the supervisor stack pointer. 
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All exception processing is done in the supervisor state, 
regardless of the setting of the S-bit. The bus cycles generated 
during exception processing are classified as supervisor 
references. All stacking operations during exception processing 
use the supervisor stack pointer. 


USER STATE. The user state is the lower state of privilege. For 
instruction execution, the user state is determined by negating 
(low) the S-bit of the status register. 


Most instructions execute the same in user state as in the super- 
visor state. However, some instructions which have important 
system effects are made privileged. User programs are not per- 
mitted to execute the STOP instruction, or the RESET instruc- 
tion. To ensure that a user program cannot enter the supervisor 
state except in a controlled manner, the instructions which 
modify the whole state register are priviled. To aid in debugging 
programs which are to be used as operating systems, the move 
to user stack pointer (MOVE to USP) and move from user stack 
pointer (MOVE from USP) instructions ara also privileged. 


The bus cycles generated by an instruction executed in user 
state are classified as user state references. This allows an exter- 
nal memory management device to translate the address and 
to control access to protected portions of the address space. 
While the processor is in user privilege state, those instructions 
which use either the system stack pointer implicitly or address 
register seven explicitly, access the user stack pointer. 


PRIVILEGE STATE CHANGES. Once the processor is in the 
user state and executing instructions, only exception processing 
can change the privilege state. During exception processing, 
the current setting of the S-bit of the status -egister is saved and 
the S-bit is asserted, putting the processing in the supervisor 
state. Therefore, when instruction executiori resumes to process 
the exception, the processor is in the supervisor privilege state. 


REFERENCE CLASSIFICATION. When the processor makes 
a reference, it classifies the kind of reference being made by 
using the encoding on the three function code output lines. This 
allows external translation of addresses, control of access, and 
differentiation of special processor states, such as interrupt 
acknowledge. Table 6 lists the classification of references. 


Table 6. Reference Classification 


Function Code Output 
FC2 ЕСІ FCO Reference Class 

0 0 0 | (Unassigned) 

0 0 1 | User Data | 
| 0 1 0 | User Program 
| 0 1 1 1 | (Unassigned) 

1 0 | 0 | (Unassigned) 

d -4- " 

1 0 1 Supervisor Data 

1 1 0 | Supervisor Program 

1 1 1 Interrupt Acknowledge 


868000 16-Bit MPU 
о БЕА S НИ И и к 
WORD 0 NEW PROGRAM COUNTER (HIGH) А0-0, A1=0 
WORD 1 NEW PROGRAM COUNTER (LOW) А0-0, А1-1 
Figure 24. Exception Vector Format 
015 08 07 DO 

IGNORED v7 | v6 | v5 | v4 | v3 | v2 | v1 | vO 
WHERE: 
v7 IS THE MSB OF THE VECTOR NUMBER 
v0 IS THE LSB OF THE VECTOR NUMBER E 
Figure 25. Peripheral Vector Number Format 
A23 A10 A9 А8 А7 А6 А5 А4 АЗ А2 А1 А0 
ALL ZEROES v7 | м6 | м5 | у4 | УЗ | м2 [м1 | мој 0 | 0 


Figure 26. Address Translated From 8-ВИ Vector Number 


EXCEPTION PROCESSING 


Before discussing the details of interrupts, traps, and tracing, 
a general description of exception processing is in order. The 
Processing of an exception occurs in four steps, with variations 
for different exception causes. During the first step, a temporary 
copy of the status register is made, and the status register is 
set for exception processing. In the second step the exception 
vector is determined, and the third step is the saving of the cur- 
rent processor contents. In the fourth step a new context is 
obtained, and the processor switches to instruction processing. 


EXCEPTION VECTORS. Exception vectors are memory loca- 
tions from which the processor fetches the address of a routine 
which will handle that exception. All exception vectors are two 
words in length (Figure 24), except for the reset vector, which 
is four words. All exception vectors lie in the supervisor data 
space, except for the reset vector which is in the supervisor pro- 
gram space. A vector number is an eight-bit number which, when 
multipled by four, gives the address of an exception vector. Vec- 
tor numbers are generated internally or externally, depending 
on the cause of the exception. In the case of interrupts, during 
the interrupt acknowledge bus cycle, a peripheral provides an 
8-bit vector number (Figure 25) to the processor on data bus lines 
DO through D7. The processor translates the vector number into 
a full 24-bit address, as shown in Figure 26. The memory layout 
for exception vectors is given in Table 7. 


As shown in Table 7, the memory layout is 512 words long 
(1024 bytes). It starts at address 0 and proceeds through 


1-28 


address 1023. This provides 255 unique vectors; some of these 
are reserved for TRAPS and other system functions. Of the 255, 
there are 192 reserved for user interrupt vectors. However, there 
is no protection on the first 64 entries, so user interrupt vectors 
may overlap at the discretion of the systems designer. 


KINDS OF EXCEPTIONS. Exceptions can be generated either 
internally or externally. Externally generated exceptions include 
interrupts (IRQ), bus error (BERR), and reset (RESET) requests. 
Interrupts are requests from peripheral devices for processor 
action while BERR and RESET inputs are used for access con- 
trol and processor restart. Internally generated exceptions come 
from instructions, from address errors, or from tracing. The trap 
(TRAP), trap on overflow (TRAPV), check register against bounds 
(CHK) and divide (DIV) instructions can all generate exceptions 
as part of their instruction execution. In addition, illegal instruc- 
tions, word fetches from odd addresses and privilege violations 
cause exceptions. Tracing behaves like a very high priority, inter- 
nally generated interrupt after each instruction execution. 


EXCEPTION PROCESSING SEQUENCE. Exception processing 
occurs in four identifiable steps. In the first step, an internal copy 
is made of the status register. After the copy is made, the S-bit 
is asserted, putting the processor into the supervisor privilege 
state. Also, the T-bit is negated which will allow the exception 
handler to execute unhindered by tracing. For the reset and inter- 
rupt exceptions, the interrupt priority mask is also updated. 
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Address 
Vector 
Number(s) Dec Hex Space Assignment 
4 |. 4 = - 
0 o 000 _ SP _ Reset: Initial SSP 
=. — 4 004 _ 8р Reset: Initial РС 
ШЕ 2 8 008 КИРО ЕИ 5р =. _ Bus Error | 
3 12 » 90С [vm om SD = Address Error В 1 
4 16 010 SD Illegal Instruction 
9 =. _20 I 014 _ К e SD u _ Zero Divide | | | 
_ 6 24 М 018 И SD _ CHK Instruction | 
7 28 01С SD TRAPV Instruction 
8 32 020 E " SD Privilege Violation 
9 36 024 р _ SD Trace. E * | 
10 40 = 028 SD Line 1010 Emulator 
11 44 | 02C SD Line 1111 Emulator 5 
12" 48 030 do SD 2 (Unassigned, reserved) 
13° 52 034 e __ SD _ (Unassigned, reserved) 
14* 56 038 d. _ 50 (Чпазаїдпей, reserved) | 
15 60 03C $0 Uninitialized Interrupt Vector 
16-23* 64 04C d SD ЈЕ (Unassigned, reserved) 
95 05Ғ u " EE 
24 96 060 SD Spurious Interrupt 
25 100 064 | P SD | Level 1 Interrupt Autovector 
26 104 068 $0 Level 2 Interrupt Autovector 
27 108 06C | SD Level 3 Interrupt Autovector 
28 112 7 070 T | $0 _ | Level 4 Interrupt Autovector 
29 116 074 E ВИ SD Level 5 Interrupt Autovector 
30 120 078 ] SD i Level 6 Interrupt Autovector 
31 124 07C + $0 Level 7 Interrupt Autavectar 
32-47 128 E 080 SD TRAP instruction Vectors 
191 ОВЕ | КИ ў Г | — | 
48-63" 192 oco SD (Unassigned, говара) 
255 OFF ЕЕ v v : | Е РЕ | 
64-255 | 256 | 100 ОТТ SD Й User Interrupt Vectors 
1023 ЗЕЕ ji ee ud 
"Vector numbers 12, 13, 14, 16 through 23, and 48 through 63 are reserved for future enhancements. No user peripheral devices should be assigned 
these numbers. 
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SSP STATUS REGISTER 


HIGHER 
ADDRESSES 


PROGRAM COUNTER: 


Figure 27. Exception Stack Order (Groups 1 and 2) 


In the second step, the vector number of the exception is deter- 
mined. For interrupts, the vector number is obtained by a 
processor fetch, classified as an interrupt acknowledge. For aii 
other exceptions, internal logic provides the vector number. This 
vector number is then used to generate the address of the excep- 
tion vector. 


The third step is to save the current processor status except for 
the reset exception. The current program counter value and the 
saved copy of the status register are stacked using the super- 
visor stack pointer as shown in Figure 27. The program counter 
value stacked usually points to the next unexecuted instruction; 
however, for bus error and address error, the value stacked for 
the program counter is unpredictable, and may be incremented 
from the address of the instruction which caused the error. Addi- 
tional information defining the current context is stacked for the 
bus error and address error exceptions. 


The iast step is the same for all exceptions. The new program 
counter value is fetched from the exception vector. The 
processor then resumes instruction execution. The instruction 
at the address given in the exception vector is fetched, and 
normai instruction decoding and execution is started. 


MULTIPLE EXCEPTIONS. These paragraphs describe the proc- 
essing which occurs when multiple exceptions arise 
simultaneously. Exceptions can be grouped according to their 
occurrence and priority. The Group 0 exceptions are reset, bus 
error, and address error. These exceptions cause the instruc- 
tion currently being executed to be aborted, and the exception 
processing to commence within two clock cycles. The Group 1 
exceptions are trace and interrupt, as well as the privilege viola- 
tions and illegal instructions. These exceptions allow the cur- 
rent instruction to execute to completion, but preempt the execu- 
tion of the next instruction by forcing exception processing to 
occur (privilege violations and illegal instructions are detected 
when they are the next instruction to be executed). The Group 2 
exceptions occur as part of the normal processing of instruc- 
tions. The TRAP, TRAPV, CHK, and zero divide exceptions are 
in this group. For these exceptions, the normal execution of an 
instruction may lead to exception processing. 


Group 0 exceptions have highest priority, while Group 2 excep- 
tions have lowest priority. Within Group 0, reset has highest 
priority, followed by address error and then bus error. Within 
Group 1, trace has priority over external interrupts, which in turn 
takes priority over illegal instruction and privilege violation. Since 
only one instruction can be executed at a time, there is no priority 
relation within Group 2. 
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Tabie 8. Exception Grouping and Priority 


Exception 


Processing 


Reset 


Address Error Exception processing begins 
Bus Error within two clock cycles. 

1 Trace 
Interrupt 


Exception processing begins 
before the next instruction. 1 


Illegal Instruction 
Privilege Violation 


2 TRAP, TRAPV, CHK, 
Zero Divide 
L 


Exception processing is started 
by normal instruction execution 


The priority relation between two exceptions determines which 
is taken first if the conditions for both arise simultaneously. 
Therefore, if a bus error occurs during a TRAP instruction, the 
bus error takes precedence, and the TRAP instruction proc- 
essing is aborted. In another example, if an interrupt request 
occurs during the execution of an instruction while the T-bit is 
asserted, the trace exception has priority, and is processed first. 
Before instruction processing resumes, however, the interrupt 
exception is also processed, and instruction processing com- 
mences finally in the interrupt handler routine. Table 8 gives a 
summary of exception grouping and priority. 


EXCEPTION PROCESSING DETAILED DISCUSSION 


Exceptions have a number of sources, and each exception has 
a unique processing sequence. The following paragraphs detail 
the sources of exceptions, how each arises, and how each is 
processed. 


RESET. The reset input provides the highest exception level. 
The processing of the reset signal is designed for system initia- 
tion, and recovery from catastrophic failure. Any processing in 
progress at the time of the reset is aborted and cannot be 
recovered. The processor is forced into the supervisor state and 
the trace state is forced off. The processor interrupt priority mask 
is set at level seven. The vector number is internally generated 
to reference the reset exception vector at location 0 in the super- 
visor program space. Because no assumptions can be made 
about the validity of register contents, in particular the super- 
visor stack pointer, neither the program counter nor the status 
register is saved. The address contained in the first two words 
of the reset exception vector is fetched as the initial supervisor 
stack pointer, and the address in the last two words of the reset 
exception vector is fetched as the initial program counter. Finally, 
instruction execution is started at the address in the program 
counter. The powerup/restart code should be pointed to by the 
initial program counter. 


The RESET instruction does not cause loading of the reset vec- 
tor, but does assert the reset line to reset external devices. This 
allows the software to reset the system to a known state and 
then continue processing with the next instruction. 
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INTERRUPTS. Seven levels of interrupt priorities are provided. 
Devices may be chained externally within interrupt priority levels, 
allowing an unlimited number of peripheral devices to interrupt 
the processor. Interrupt priority levels are numbered from one 
to seven, level seven being the highest priority. The status 
register contains a three-bit mask which indicates the current 
processor priority. Interrupts are inhibited for all priority levels 
less than or equal to the current processor priority. 


An interrupt request is made to the processor by encoding the 
interrupt request level on the interrupt request lines; a zero indi- 
cates no interrupt request. Interrupt requests arriving at the 
processor do not face immediate exception processing, but are 
made pending. Pending interrupts are detected between instruc- 
tion executions. If the priority of the pending interrupt is lower 
than or equal to the current processor priority, execution con- 
tinues with the next instruction and the interrupt exception 
processing is postponed. (The recognition of level seven is 
slightly different, as explained in a following paragraph.) 


If the priority of the pending interrupt is greater than the current 
processor priority, the exception processing sequence is started. 
First a copy of the status register is saved, and the privilege state 
is set to supervisor, then tracing is suppressed, and the 
processor priority level is set to the level of the interrupt being 
acknowledged. The processor fetches the vector number from 
the interrupting device, classifying the reference as an interrupt 
acknowledge and displaying the level number of the interrupt 
being acknowledged on the address bus. If external logic 
requests an automatic vectoring, the processor internally 
generates a vector number which is determined by the interrupt 
level number. If external logic indicates a bus error, the inter- 
rupt is taken to be spurious, and the generated vector number 
references the spurious interrupt vector. The processor then pro- 
ceeds with the usual exception processing, saving the program 
Counter and status register on the supervisor stack. The saved 
value of the program counter is the address of the instruction 
which would have been executed had the interrupt not been 
present. The content of the interrupt vector whose vector number 
was previously obtained is fetched and loaded into the program 
counter, and normal instruction execution commences in the 
interrupt handling routine. A flow chart for the interrupt 
acknowledge sequence is given in Figure 28, a timing diagram 
is given in Figure 29, and the interrupt exception timing 
sequence is shown in Figure 30. 


Priority level seven is a special case. Level seven interrupts can- 
not be inhibited by the interrupt priority mask, thus providing 
а ‘‘non-maskable interrupt” capability. An interrupt is generated 
each time the interrupt request level changes from some lower 
level to level seven. Note that a level seven interrupt may still 
be caused by the level comparison if the request level is a seven 
and the processor priority is set to a lower level by an instruction. 


UNINITIALIZED INTERRUPT. An interrupting device asserts 
VPA or provides an interrupt vector during an interrupt 
acknowledge cycle to the R68000. If the vector register has not 
been initialized, the responding R68000 Family peripheral will 
provide vector 15, the uninitialized interrupt vector. This provides 
a uniform way to recover from a programming error. 
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PROCESSOR INTERRUPTING DEVICE 


| REQUEST INTERRUPT | 
GRANT INTERRUPT 
1) COMPARE INTERRUPT LEVEL IN STATUS 
REGISTER AND WAIT FOR CURRENT 
INSTRUCTION TO COMPLETE 
2) PLACE INTERRUPT LEVEL ON А1, А2, АЗ 
3) SET FUNCTION CODE TO INTERRUPT 
ACKNOWLEDGE 


4) ASSERT ADDRESS STROBE (AS) . 
5) ASSERT DATA STROBES (LDS AND UDS*) 


ql 
\ 
PROVIDE VECTOR NUMBER 
1) PLACE VECTOR NUMBER OF 00-07 
2) ASSERT DATA TRANSFER 
ACKNOWLEDGE (DTACK) 


ACQUIRE VECTOR NUMBER 
1) LATCH VECTOR NUMBER 
2) NEGATE LDS AND 005 
3) NEGATE AS 
y 


| RELEASE 


— 


1) NEGATE DTACK 


EN D 


START INTERRUPT PROCESSING 


"ALTHOUGH A VECTOR NUMBER IS ONE BYTE, BOTH 
DATA STROBES ARE ASSERTED DUI TO THE 
MICROCODE USED FOR EXCEPTION PROCESSING. THE’ 
PROCESSOR DOES NOT RECOGNIZE ANYTHING ON 
DATA LINES D8 THROUGH D15 AT THE TIME. 


Figure 28. Interrupt Acknowledge Sequence Flow Chart 


SPURIOUS INTERRUPT. If during the irterrupt acknowledge 
cycle no device responds by asserting DTACK or VPA, the bus 
error line should be asserted to terminate the vector acquisition. 
The processor separates the processing of this error from bus 
error by fetching the spurious interrupt vector instead of the bus 
error vector. The processor then proceeds with the usual excep- 


tion processing. 


INSTRUCTION TRAPS. Traps are exceptions caused by instruc- 
tions. They arise either from processor recognition of abnormal 
conditions during instruction execution, or from use of instruc- 
tions whose normal behavior is trapping. 


R68000 


DTACK у=, ae сы, ЕЙ 


ani ерее СЗЭ 


FCO-FC2 
IPLO-IPL2 
DC INSTRUCTION ocu IACK CYCLE STACK AND 
(READ OR ные mie vector NUMBER ACQUISITION) VECTOR FETCH 
WRITE) (SSP) 


* ALTHOUGH A VECTOR NUMBER IS ONE BYTE, BOTH DATA STROBES ARE ASSERTED DUE TO THE MICROCODE USED 


FOR EXCEPTION PROCESSING. THE PROCESSOR DOES NOT RECOGNIZE ANYTHING ON DATA LINES D8 THROUGH D15 
AT THIS TIME. 


Figure 29. interrupt Acknowledge Sequence Timing Diagram 


LAST BUS CYCLE 


OF INSTRUCTION STACK 22 STACK STACK 

(DURING WHICH PCL —' (место NUMBER 9| _ STATUS PCH 

INTERRUPT WAS (AT SSP-2) и (AT SSP-6) (AT SSP-4) 
RECOGNIZED) ) 


— 


FETCH FIRST NOTE: 
VECTOR О WORD DF SSP REFERS TO THE 
Wed -- Pow аы INSTRUCTION VALUE OR THE SUPER- 
(A16-A23) (A0-A15) OF INTERRUPT VISOR STACK POINTER 
ROUTINE BEFORE THE INTERRUPT 
OCCURS 


Figure 30. interrupt Exception Timing Sequence 
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Some instructions are used specifically to generate traps. The 
TRAP instruction always forces an exception, and is useful for 
implementing system calls for user programs. The TRAPV and 
CHK instructions force an exception if the user program detects 
a runtime error, which may be an arithmetic overflow or a 
subscript out of bounds. 


The signed divide (DIVS) and unsigned divide (DIVU) instruc- 
tions will force an exception if a division operation is attempted 
with a divisor of zero. 


ILLEGAL AND UNIMPLEMENTED INSTRUCTIONS. illegal 
instruction refers to any of the word bit patterns which are not 
the bit pattern of the first word of a legal instruction. During 
instruction execution, if such an instruction is fetched, an illegal 
instruction exception occurs. Rockwell reserves the right to 
define instructions whose opcodes may be any of the illegal 
instructions. Three bit patterns will always force an illegal instruc- 
tion trap on all R68000 Family compatible microprocessors. They 
are: $4AFA, $4AFB, and $4AFC. Two of the patterns, $4AFA 
and $4AFB, are reserved for Rockwell system products. The third 
pattern, $4AFC, is reserved for customer use. 


Word patterns with bits 15 through 12 equaling 1010 or 1111 
are distinguished as unimplemented instructions and separate 
exception vectors are given to these patterns to permit efficient 
emulation. This facility allows the operating system to detect pro- 
gram errors, or to emulate unimplemented instructions in 
software. 


PRIVILEGE VIOLATIONS. in order to provide system security, 
various instructions are privileged. An attempt to execute one 
of the privileged instructions while in the user state will cause 
an exception. The privileged instructions are: 


STOP AND Immediate to SR 
RESET EOR Immediate to SR 
RTE OR Immediate to SR 
MOVE USP MOVE to SR 


TRACING. To aid in program development, the R68000 includes 
a facility to allow instruction by instruction tracing. In the trace 
State, after each instruction is executed an exeception is forced, 
allowing a debugging program to monitor the execution of the 
program under test. 


The trace facility uses the T-bit in the supervisor portion of the 
status register. If the T-bit is negated (off), tracing is disabled, 
and instruction execution proceeds from instruction to instruc- 
tion as normal. If the T-bit is asserted (on) at the beginning of 
the execution of an instruction, a trace exception will be 
generated after the execution of that instruction is completed. 
If the instruction is not executed, either because an interrupt 
is taken, or the instruction is illegal or privileged, the trace excep- 
tion does not occur. The trace exception also does not occur 
if the instruction is aborted by a reset, bus error, or address error 
exception. If the instruction is indeed executed and an interrupt 
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is pending on completion, the trace exception is processed 
before the interrupt exception. If, during the execution of the 
instruction, an exception is forced by that instruction, the forced 
exception is processed before the trace exception. 


As an extreme illustration of the above rules, consider the arrival 
of an interrupt during the execution of a TRAP instruction while 
tracing is enabled. First the trap exception is processed, then 
the trace exception, and finally the interrupt exception. Instruc- 
tion execution resumes in the interrupt handler routine. 


BUS ERROR. Bus error exceptions occur when the external logic 
requests that a bus error be processed by an exception. The 
current bus cycle which the processor is meking is then aborted. 
Whether the processor was doing instruction or exception 
processing, that processing is terminated, and the processor 
immediately begins exception processing. 


Exception processing for bus error follows the usual sequence 
of steps. The status register is copied, the supervisor state is 
entered, and the trace state is turned off. The vector number 
is generated to refer to the bus error vector. Since the processor 
was not between instructions when the риз error exception 
request was made, the context of the processor is more detailed. 
To save more of this context, additional information is saved on 
the supervisor stack. The program counter and the copy of the 
status register are of course saved. The val ле saved for the pro- 
gram counter is advanced by some amount, two to ten bytes 
beyond the address of the first word of thie instruction which 
made the reference causing the bus error. If the bus error 
occurred during the fetch of the next instruction, the saved pro- 
gram counter has a value in the vicinity of the current instruc- 
tion, even if the current instruction is a branch, a jump, or a return 
instruction. Besides the usual information, the processor saves 
its internal copy of the first word of the instruction being 
processed, and the address which was being accessed by the 
aborted bus cycle. Specific information about the access is also 
saved: whether it was a read or a write, whether the processor 
was processing an instruction or not, and the classification 
displayed on the function code outputs when the bus error 
occurred. The processor is processing an instruction if in the 
normal state or processing a Group 2 exception; the processor 
is not processing an instruction when processing a Group 0 or 
a Group 1 exception. Figure 31 illustates how the information 
is organized on the supervisor stack. Although this information 
is not sufficient to effect full recovery from {ле bus error, it does 
allow software diagnosis. Finally, the prozessor commences 
instruction processing at the address contained in the vector. 
It is the responsibility of the error handler routine to clean up 
the stack and determine where to continue execution. 


If a bus error occurs during the exception processing for a bus 
error, address error, or reset, the processor is halted, and all 
processing ceases. This simplifies the detection of catastrophic 
system failure, since the processor removes itself from the 
system rather than destroy all mernory contents. Only the RESET 
pin can restart a halted processor. 
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Figure 31. Supervisor Stack Order (Group 0) 
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Figure 32. Address Error Timing 


ADDRESS ERROR. Address error exceptions occur when the 
processor attempts to access a word or а long word operand 
or an instruction at an odd address. The effect is much like an 
internally generated bus error, so that the bus cycle is aborted, 
and the processor ceases whatever processing it is currently 
doing and begins exception processing. After exception 
processing commences, the sequence is the same as that for 
bus error including the information that is stacked, except that 
the vector number refers to the address error vector instead. 
Likewise, if an address error occurs during the exception 
processing for a bus error, address error, or reset, the processor 
is halted. As shown in Figure 32, an address error will execute 
a short bus cycle followed by an exception processing. 
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INTERFACE WITH R6500 PERIPHERALS 


Rockwell’s line of R6500 peripherals are directly compatible with 

the R68000. Some of these devices that are particularly useful 

are: 
R6520 
R6522 
R6545 
А6551 


Peripheral Interface Adapter (PIA) 

Versatile Interface Adapter (VIA) 

CRT Controller (CRTC) 

Asynchronous Communication Interface Adapter 
(ACIA) 


To interface the synchronous R6500 peripherals with the asyn- 
chronous R68000, the processor modifies its bus cycle to meet 
the 86500 cycle requirements whenever ап R6500 device 
address is detected. This is possible since both processors use 
memory mapped I/O. Figure 33 is a flow chart of the interface 
operation between the processor and R6500 devices. 6800 
peripherals are also compatible with the R68000 processor. 


DATA TRANSFER OPERATION 


Three signals on the processor provide the R6500 interface. 
They are: enable (E), valid memory address (VMA), and valid 
Peripheral address (VPA). Enable corresponds to the E or 02 
signal in existing R6500 systems. The bus frequency is one tenth 
of the incoming R68000 clock frequency. The timing of E allows 
1 MHz peripherals to be used with an 8 MHz R68000. Enable 
has a 60/40 duty cycle; that is, it is low for six input clocks and 
high for four input clocks. This duty cycle allows the processor 
to do successive УРА accesses on successive E pulses. 


Figures 34 and 35 give a general R6500 to R68000 interface 
timing, while Figures 36 and 37 detail the specific timing 
parameters involved in the interface. At state zero (SO) in the 
cycle, the address bus is in the high-impedance state. A func- 
tion code is asserted on the function code output lines. One- 
half clock later, in state 1, the address bus is released from the 
high-impedance state. 


During state 2, the address strobe (AS) is asserted to indicate 
that there is a valid address on the address bus. If the bus cycle 
is a read cycle, the upper and/or lower data strobes are also 
asserted in state 2. If the bus cycle is a write cycle, the read/write 
(R/W) signal is switched to a low (write) during state 2. One-half 
clock later, in state 3, the write data is placed on the data bus, 
and in state 4 the data strobes are issued to indicate valid data 
on the data bus. The processor now inserts wait states until it 
recognizes the assertion of VPA. 


The УРА input signals the processor that the address on the 
bus is the address of an R6500 device (or an area reserved for 
R6500 devices) and that the bus should conform to the 02 
transfer characteristics of the R6500 bus. Valid peripheral 
address (VPA) is derived by decoding the address bus, 
conditioned by address strobe (AS). Chip select for the R6500 
peripherals should be derived by decoding the address bus con- 
ditioned by VMA. 


After the recognition of УРА, the processor assures that the 
Enable (E) is low, by waiting if necessary, and subsequently 
asserts УМА. Valid memory address is then used as part of the 
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chip select equation of the peripheral. This ensures that the 
R6500 peripherals are selected and deselected at the correct 
time. The peripheral now runs its cycle during the high portion 
of the E signal. Figures 34 and 35 depict the best and worst case 
R6500 cycle timing. This cycle length is dependent strictly upon 
when УРА is asserted in relationship the E clock. 


If we assume that external circuitry asserts УРА as soon as 
possible after the assertion of AS, then VPA will be recognized 
as being asserted on the falling edge of S4. In this case, no 

"extra" wait cycles will be inserted prior to the recognition of 

МРА assertion and only the wait cycles inserted to synchronize 

with the E clock will determine the total length of the cycle. In 

any case, the synchronization delay will be some integral number 
of clock cycles within the following two extremes: 

1. Best Case—VPA is recognized аз baing asserted on the 
falling-edge three clock cycles before Е rises (or three clock 
cycles after E falls). 

2. Worst Case—VPA is recognized as being asserted on the 
falling edge two clock cycles before = rises (or four clock 
cycles after E falls). 


Near the end of a read cycle, the processor latches the 
peripheral’s data in state 6. For all cycles, the processor negates 
the address and data strobes one half clock cycle later in state 7, 
and the Enable signal goes low at this time. Another half clock 
later, the address bus is put in the high-irr pedance state. Upon 
write cycle completion, the data bus is put in the high-impedance 
state and the read/write signal is switchec high. The peripheral 
logic must remove УРА within one clock after address strobe 
is negated. 


ОТАСК should not be asserted while УРА is asserted. Note 
that the R68000 УМА is active low. This allows the processor 
to put its buses in the high-impedance state on DMA requests 
without inadvertently selecting peripherals. 


INTERRUPT OPERATION 


During an interrupt acknowledge cycle while the processor is 
fetching the vector, if VPA is asserted, the R68000 will assert 
VMA and complete a normal R6500 read cycle as shown in 
Figure 38. The processor will then use an internally generated 
vector, called an autovector, that is a function of the interrupt 
being served. The seven autovectors are vector numbers 25 
through 31 (decimal). 


Autovectors operate in the same fashion (but are not restricted 
to) the R6500 interrupt sequence. The basic difference is that 
there are six normal interrupt vectors and one NMI type vector. 
As with both the R6500 and the R68000's normal vectored inter- 
rupt, the interrupt service routine can be located anywhere in 
the address space. This is due to the fact that while the vector 
numbers are fixed, the contents of the vector table entries are 
assigned by the user. 


Since УМА is asserted during autovectoring, the R6500 
peripheral address decoding should эгеуеп{ unintended 
accesses. 
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PROCESSOR 


SLAVE 


INITIATE CYCLE 
1) THE PROCESSOR STARTS A 
NORMAL READ OR WRITE CYCLE 


DEFINE R6500 CYCLE 
1) EXTERNAL HARDWARE ASSERTS 
VALID PERIPHERAL ADDRESS (VPA) 


SYNCHRONIZE WITH ENABLE 

1) THE PROCESSOR MONITORS ENABLE 
(Е) UNTIL IT 15 LOW (PHASE 1) 

2) THE PROCESSOR ASSERTS VALID 
MEMORY ADDRESS (VMA) 


TRANSFER DATA 
1) THE PERIPHERAL WAITS UNTIL E 
15 ACTIVE AND THEN TRANSFERS 
THE DATA 


TERMINATE CYCLE 

1) THE PROCESSOR WAITS UNTIL E 
GOES LOW. (ON A READ CYCLE THE 
DATA IS LATCHED AS E GOES LOW 
INTERNALLY) 

2) THE PROCESSOR NEGATES VMA 

3) THE PROCESSOR NEGATES AS, UDS, 

and LDS 


START NEXT CYCLE 


Figure 33. R6500 Interfacing Flow Chart 


DATA TYPES AND ADDRESSING MODES 


Five basic data types are supported. These data types are: 
Bits 
BCD Digits (4-bits) 
Bytes (8-bits) 
Word (16-bits) 
Long Words (32-bits) 


In addition, operations on other data types such as memory 
addresses, status word data, etc., are provided for in the instruc- 
tion set. 


The 14 addressing modes, shown in Table 9, include six basic 
types: 
Register Direct 
Register Indirect 
Absoiute 


Program Counter Relative 
Implied 
Immediate 
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Included in the register indirect addressing modes is the capa- 
bility to do postincrementing, predecrementing, offsetting and 
indexing. Program counter relative mode can also be modified 
via indexing and offsetting. 


Table 9. Addressing Modes 


Mode Generation 
- 1. 
Register Direct Addressing 
Data Register Direct EA = Dn 
Address Register Direct EA = An 


— 
Absolute Data Addressing 


Absolute Short 
Absolute Long 


EA = (Next Word) 
EA = (Next Two Words) | 


Program Counter Relative Г 
Addressing 

Relative with Offset 

Relative with Index and Offset 


EA = (PC) + dig 
EA = (PC) + (Xn) + dg 


Register Indirect Addressing 
Register Indirect 

Postincrement Register Indirect 
Predecrement Register Indirect 
Register Indirect with Offset 

Indexed Register indirect with Offset 


EA = (An) 

EA = (Ап), Ап Ап + М 
An Ап - М, EA = (An) 
EA = (An) + dig 

EA = (Ап) + (Хпу + да 


| 
immediate Data Addressing 


Immediate 
Quick Immediate 


Implied Addressing 
Implied Register 


DATA = Next Word(s) 
| Inherent Data 


EA = SR, USP, SP, PC 


i 


NOTES: 


EA = Effective Address М = 1 for Byte, 2 for 


An = Address Register Words and 4 for 
Dn = Data Register Long Word. Н An 
Xn = Address or Data Register is the stack pointer 
used as Index Register and the operand 
SR - Status Register size is byte, М = 2 
PC - Program Counter to keep the stack 
( ) = Contents of pointer on a word 
dg = Eight-bit Offset boundry. 


(displacement) 
916 = Sixteen-bit Offset 
(displacement) 


-+ = Replaces 


INSTRUCTION SET OVERVIEW 


The R68000 instruction set is shown in Table 10. Some addi- 
tional instructions are variations, or subsets, of these and they 
appear in Table 11. Special emphasis has been given to the 
instruction set’s support of structured high-level languages to 
facilitate ease of programming. Each instruction, with few excep- 
tions, Operates on bytes, words, and long words and most 
instructions can use any of the 14 addressing modes. Combining 
instruction types, data types, and addressing modes, over 1000 
useful instructions are provided. These instructions include 
signed and unsigned multiply and divide, “quick” arithmetic 
operations. BCD arithmetic and expanded operations (through 
traps). 
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Figure 37. НС68000 to R6500 Peripheral Timing Diagram — Worst Case 
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"ALTHOUGH A VECTOR NUMBER IS ONE BYTE, BOTH DATA STROBES ARE ASSERTED DUE TO THE MICROCODE USED 
FOR EXCEPTION PROCESSING. THE PROCESSOR DOES NOT RECOGNIZE ANYTHING ON DATA LINES D8 THROUGH 
D15 AT THIS TIME. 


Figure 38. Autovector Operation Timing Diagram 
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Table 10. Instruction Set Summary 
=" [ TT— т aem 
Mnemonic Description Mnemonic Description Mnemonic Description 
EM | | adl _| 
ADBC Add Decimal with Extend EOR Exclusive Or PEA Push Effective Address 
ADD Add EXG Exchange Registers 
AND Logical And EXT Sign Extend RESET Reset External Devices 
ASL Arithmetic Shift Left + H ROL Rotate Left without Extend 
ASR Arithmetic Shift Right JMP Jump ROR Rotate Right without Extend 
JSR Jump to Subroutine ROXL Rotate Left with Extend 
Вес Branch Conditionally ROXR Rotate Right with Extend 
BCHG Bit Test and Change LEA Load Effective Address RTE Return from Exception 
BCLR Bit Test and Clear LINK Link Stack RTR Return and Restore 
BRA Branch Always LSL Logical Shift Left RTS Return from Subroutine 
BSET Bit Test and Set LSR Logical Shift Right ] 
BSR Branch to Subroutine SBCD Subtract Decimal with Extend 
BTST^ Bit Test MOVE Move Scc Set Conditional 
- MULS Signed Multiply STOP Stop 
CHK Check Register Against MULU Unsigned Multiply 598 Subtract 
Bounds + SWAP Swap Data Register Halves 
CLR Clear Operand NBCD Negate Decimal with Extend 
CMP Compare NEG Negate TAS Test and Set Operand 
2; NOP No Operation TRAP Trap 
DBcc Test Condition, Decrement and NOT One’s Complement TRAPV Trap on Overflow 
Branch | TST Test 
DIVS Signed Divide OR Logical Or 
Divu Unsigned Divide | UNLK Unlink 
Table 11. Variations of Instruction Types 
Instruction instruction 
Type Variation Description Type Variation Description 
+— — 
ADD ADD Add MOVE MOVE Move 
ADDA Add Address MOVEA Move Address 
ADDQ Add Quick MOVEM Move Multiple Registers 
ADD! Add immediate MOVEP Move Peripheral Data 
ADDX Add with Extend MOVEQ Move Quick 
MOVE from SR | Move from Status Register 
AND AND Logical And MOVE to SR Move to Status Register 
ANDI And immediate MOVE to CCR Move to Condition Codes 
ANDI to CCR And immediate to MOVE USP Move User Stack Pointer 
Condition Codes - 
ANDI to SR And Immediate to NEG NEG Negate 
Status Register NEGX Negate with Extend 
CMP CMP Compare OR OR Logical! Or 
CMPA Compare Address ORI Or immediate 
CMPM Compare Memory ORI to CCR Or Immediate to Condition Codes 
СМР! Compare immediate ORI to SR Or immediate to 
Status Register 
EOR EOR Exclusive Dr 
EORI Exclusive Or Immediate SUB SUB Subtract 
EORI to CCR Exclusive Or Immediate SUBA Subtract Address 
to Condition Codes SUBI Subtract Immediate 
EORI to SR Exciusive Dr Immediate SUBQ Subtract Quick 
to Status Register | SUBX Subtract with Extend 
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The following paragraphs contain an overview of the form and 
structure of the R68000 instruction set. The instructions form 
a set of tools that include all the machine functions to perform 
the following operations: 

Data Movement 

Integer Arithmetic 

Logical 

Shift and Rotate 

Bit Manipulation 

Binary Coded Decimal 

Program Control 

System Control 


The complete range of instruction capabilities combined with 
the flexible addressing modes described previously provide a 
very flexible base for program development. 


ADDRESSING 


Instructions for the R68000 contain two kinds of information: the 
type of function to be performed, and the location of the 
operand(s) on which to perform that function. The methods used 
to locate (address) the operand(s) are explained in the follow- 
ing paragraphs. 


Instructions specify an operand location in one of three ways: 
Register Specification — the number of the register is given 
in the register field of the 
instruction. 

—use of the different effective 
address modes. 

— the definition of certain instructions 
implies the use of specific 
registers. 


Effective Address 


Implicit Reference 


DATA MOVEMENT OPERATIONS 


The move (MOVE) instruction provides a means for data acquisi- 
tion (transfer and storage). The move instruction and the effec- 
tive addressing modes allow both address and data manipula- 
tion. Data move instructions allow byte, word, and long word 
operands to be transferred from memory to memory, memory 
to register, register to memory, and register to register. Address 
move instructions allow word and long word operand transfers 
and ensure that only legal address manipulations are executed. 
In addition to the general move instruction there are several 
special data movement instructions: move rnultiple registers 
(MOVEM), move peripheral data (MOVEP), exchange registers 
(EXG), load effective address (LEA), push effective address 
(PEA), link stack (LINK), unlink stack (UNLK), and move quick 
(MOVEQ). Table 12 summarizes the data movement operations. 


INTEGER ARITHMETIC OPERATIONS 


The arithmetic operators include the four basic operations of add 
(ADD), subtract (SUB), multiply (MUL), and divide (DIV) as well 
as arithmetic compare (CMP), clear (CLR), arid negate (NEG). 
The add and subtract instructions are available for both address 
and data operations, and with data operations accepting all 


_16-Bit MPU 


Table 12. Data Movement Operations 


Instruction Operand Size Operation 
EXG 32 Rx-e- Ry 
— as os 
LEA 32 X EA-- Ап 
mT- -—-L— „es ua 
Ап > -(SP) 
LINK - SP An 
SP + displacement -—SP 
| = Е 
МОМЕ 8, 16, 32 sd 
гах ви CR * карасу | 
(EA) An, Dn 
MOVEM 16, 32 An, Dn --БА 
Ei " 
(EA) - Dn 
MOVEP 16, 32 Dn (ЕА) 
ink “= Ж 
МОУЕО 8 #ххх = Dn 
PEA 32 EA + - (5Р) 
H A = 2 
SWAP 32 Dn[31:16] --Dn[15:0] 
| —- — =- - 
Ап > Sp 
UNLK = (SP) + An 
NOTES: 
$ = source -( ) = indirect with predecrement 
d = destination ( )+ = indirect with postdecrement 
[ ] = bit number # = immediate data 


operand sizes. Address operations are lim ited to legal address 
size operands (16 or 32 bits). Data, address, and memory com- 
pare operations are also available. The clear and negate instruc- 
tions may be used on all sizes of data operands. 


The multiply and divide operations are available for signed and 
unsigned operands using word multiply to produce a long word 
product, and a long word dividend with word divisor to produce 
a word quotient with a word remainder. 


Multiprecision and mixed size arithmetic can be accomplished 
using a set of extended instructions. These instructions are: add 
extended (ADDX), subtract extended (SUB), sign extend (EXT), 
and negate binary with extend (NEGX). 


A text operand (TST) instruction that sets the condition codes 
as a result of a compare of the operand with zero is available. 
Test and set (TAS) is a synchronization instruction useful in 
multiprocessor systems. Table 13 summrizes the integer 
arithmetic operations. 


INSTRUCTION FORMAT 


Instructions, as shown in Figure 39, vary from one to five words 
in length. The first word of the instruction, called the operation 
word, specifies the length of the instruction and the operation 
to be performed. The remaining words further specify the 
operands. These words are either immediate operands or exten- 
sions to the effective address mode specitied in the operation 
word. 


868000 16-Bit MPU 
Table 13. Integer Arithmetic Operations PROGRAM/DATA REFERENCES 
instructi о "m The R68000 separates memory references into two classes: pro- 
тисгоп perand Size Operation gram references, and data references. Program references 
8, 16, 32 Dn + (ЕА) = Dn reference that section of memory that contains the program 
(ЕА) + Dn (EA) being executed. Data references refer to that section of memory 
ADD (EA) + #ххх > (ЕА) that contains data. Operand reads are Кот the data space, 
16, 32 An + (EA) = Ап except in the case of the program counter relative addressing 
mode. All operand writes are to the data space. 
ADDX 1515222 ШУ T (eX = (Ax) 
4 REGISTER SPECIFICATION 
CLR 8, 16, 32 0 —ЕА ; А А 
г---- — The register field within an instruction specifies the register to 
8, 16, 32 Dn - (EA) be used. Other fields within the instruction specify whether the 
СМР an - ШАР register Seiected is an address or data register and how the 
+ – (Ay- . ) 
16, 32 Ап - (EA) register is to be used. 
Divs 32 = 16 Dn + (EA) = Оп EFFECTIVE ADDRESS 
LLL | 
DIVU 32 + 16 Dn + (EA) — Dn Most instructions specify the location of an operand by using 
8 16 (Dn)g = Dn16 the effective address field in the operation word. For example, 
EXT 16 » 32 (Dn)4g > Опзг Figure 40 shows the general format of the single effective 
T^ address instruction operation word. The effective address is com- 
MULS 16 x 16 +32 | Dn x (EA) = рп posed of two 3-bit fields: the mode field, and the register field. 
MULU 16 x 16 » 32 Dn х (EA) = Оп The value in the mode field selects the different address modes. 
т ister fi i ister. 
NEG 8. 16, 32 0 - (EA) + (EA) The register field contains the number of a register 
NEGX 8, 16, 32 0 – (EA) - X (EA) The effective address field may require additional information 
---- 32 —— —— to fully specify the operand. This additional information, cailed 
8, 16, 3: A - (EA) T the effective address extension, is contained in the following 
SUB (E ^ 7 Оп ә © А) word or words and is considered рай of the instruction, as shown 
16, 32 Ап - (EA) An in Figure 39. The effective address modes are grouped into three 
| categories: register direct, memory addressing, and special. 
Dx – Dy ~ X +Dx 
SUBX 8, 16, 32 
_|_- - (Ay) - X (Ax REGISTER DIRECT MODES. These effective addressing modes 
TAS 8 [EA] - 0, 1 -—EA[7] 1 specify that the operand is іп опе of the 16 multifunction 
registers. 
TST 8, 16, 32 (EA) - 0 
NOTES: Data Register Direct. The operand is in the data register 
[ ] = bit number specified by the effective address register field. 
-( ) = indirect with predecrement 
( )+ = indirect with postdecrement Address Register Direct. The operand is in the address register 
# = immediate data specified by the effective address register field. 


MEMORY ADDRESS MODES. These effective addressing 
modes specify that the operand is in memory and provide the 
specific address of that operand. 


15 14 13 12 11 10 9 8 7 8 5 4 3 2 1 0 
OPERATION WORD 
(FIRST WORD SPECIFIES OPERATION AND MODES) 
IMMEDIATE OPERAND 
(IF ANY, ONE OR TWO WORDS) 
SOURCE EFFECTIVE ADDRESS EXTENSION 
(IF ANY, ONE OR TWO WORDS) 
DESTINATION EFFECTIVE ADDRESS EXTENSION 
(IF ANY, ONE OR TWO WORDS) 


Figure 39. Instruction Format 
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15 14 13 12 n 109 7 6 5 4 3 2 4 0 
EFFECTIVE ADDRESS 
| x | x ЖЕЛЕ ГЕНІНЕ ЕЕ x MODE uc 


Figure 40. Single-I:ffective-Address Instruction Operation Word General Format 


Address Register Indirect. The address of the operand is in 
the address register specified by the register field. The reference 
is classified as a data reference with the exception of the jump 
and jump to subroutine instructions. 


Address Register Indirect With Postincrement. The address 
of the operand is in the address register specified by the register 
field. After the operand address is used, it is incremented by 
one, two or four depending upon whether the size of the operand 
is byte, word, or long word. If the address register is the stack 
pointer and the operand size is byte, the address is incremented 
by two rather than one to keep the stack pointer on a word 
boundary. The reference classifies as a data reference. 


Address Register Indirect With Predecrement. The address 
of the operand is in the address register specified by the register 
field. Before the operand address is used, it is decremented by 
one, two, or four depending upon whether the operand size is 
byte, word, or long word. If the address register is the stack 
pointer and the operand size is byte, the address is decremented 
by two rather than one to keep the stack pointer on a word 
boundary. The reference is classified as a data reference. 


Address Register Indirect with Displacement. This address 
mode requires one word of extension. The address of the 
operand is the sum of the address in the address register and 
the sign-extended 16-bit displacement integer in the extension 
word. The reference classifies as a data reference with the 
exception of the jump to subroutine instructions. 


Address Register Indirect With Index. This address mode 
requires one word of extension. The address of the operand 
sums the addresses in the address register, the sign-extended 
displacement integer in the low order eight bits of the extension 
word, and the contents of the index register. The reference is 
classified as a data reference with the exception of the jump 
and jump to subroutine instructions. 


SPECIAL ADDRESS MODE. The special address modes use 
the effective address register field to specify the special address- 
ing mode instead of a register number. 


Absolute Short Address. This address mode requires one word 
of extension. The address of the operand is the extension word. 
The 16-bit address is sign extended before it is used. The 
reference classifies as a data reference with the exception of 
the jump and jump to subroutine instructions. 


Absolute Long Address. This address mode requires two words 
of extension. The address of the operand is developed by the 
concatenation of the extension words. The high-order part of 
the address is the first extension word; the low-order part of the 


address is the second extension word. The reference classifies 
as a data reference with the exception о" the jump and jump 
to subroutine instructions. 


Program Counter With Displacement. This address mode 
requires one word of extension. The address of the operand 
sums the addresses in the program counter and the sign- 
extended 16-bit displacement integer in the extension word. The 
value in the program counter is the address of the extension 
word. The reference classifies as a program reference. 


Program Counter With Index. This address mode requires one 
word of extension. This address sums the addresses in the pro- 
gram counter, the sign-extended displacement integer in the 
lower eight bits of the extension word, and the contents of the 
index register. The value in the program counter is the address 
of the extension word. This reference classifies as a program 
reference. 


Immediate Data. This address mode requires either one or two 
words of extension depending on the size of the operation. 
Byte Operation — operand is lov order byte of exten- 
sion word 
Word Operation — operand is extension word 
Long Word Operation — operand is ir the two extension 
words, high-order 16 bits are in the 
first extension word, low-order 16 
bits are in the second extension 
word. 


IMPLICIT REFERENCE 


Some instructions make implicit reference to the program 
counter (PC), the system stack pointer (SP), the supervisor stack 
pointer (SSP), the user stack pointer (USP), or the status register 
(SR). 


А selected set of instructions may referenc: the status register 
by means of the effective address field. These are: 

ANDI to CCR 

ANDI to SR 

ЕОНІ to CCR 

EOR! to SR 

MOVE to CCR 

MOVE to SR 

MOVE from SR 

OR! to CCR 

OR! to SR 


EFFECTIVE ADDRESS ENCODING SUMMARY 


Table 14 summarizes the effective addressing modes discussed 
in the previous paragraphs. 


R68000 16-Bit MPU 
Table 14. Effective Address Encoding Summary Table 15. Logical Operations 
ga == —1 г” ——T ED 
Addressing Mode Mode Register Instruction Operand Size Operation 
Data Register Direct 000 register number DnA(EA) —Оп 
5 | ре Б АМО 8, 16, 32 (EA)ADn --(ЕА) 
Address Register Direct 001 register number | (EA)A#xxx -»(EA) 
Address Register Indirect 010 register es Dn > (EA) »- Dn 
Address Register Indirect with OR 8, 16, 32 (EA) > Dn (EA) 
Postincrement 011 register number (EA) у #ххх (EA) a 
+— T— 

Address Register Indirect with NM EOR ПЕТЕ (EA) ө Dy (EA) 
Predecrement 100 register number e (EA) e fxxx (EA) 
= so | ік De 

Address Register Indirect with NOT 8, 16, 32 ~ (EA) »(EA) 
Displacement 101 register number бад 
| ——— —— МОТЕ5: 
Address Register Indirect with ~ = invert » = logical OR 
Index 2 110 register number | # = immediate data e - logical exclusive OR 
Absolute Short | onn 000 A = logical AND zu 
Absolute Long 111 001 E 
doe EE 
Program Counter with 
Displacement 111 010 
Program Counter with Index а E TH 011 Memory shifts and rotates are for word operands only and allow 
— only single-bit shifts or rotates. 


immediate 111 100 


SYSTEM STACK. The system stack is used implicitly by many 
instructions; user stacks and queues may be created and main- 
tained through the addressing modes. Address register seven 
(A7) is the system stack pointer (SP). The system stack pointer 
is either the supervisor stack pointer (SSP) or the user stack 
pointer (USP), depending on the state of the S-bit in the status 
register. If the S-bit indicates supervisor state (High), SSP is the 
active system stack pointer, and the USP cannot be referenced 
as an address register. if the S-bit indicates user state (Low), 
the USP is the active system stack pointer, and the SSP can- 
not be referenced. Each system stack fills from high memory 
to low memory. 


LOGICAL OPERATIONS 


Logical operation instructions AND, OR, EOR, and NOT are 
available for all sizes of integer data operands. А similar set of 
immediate instructions (ANDI, ORI, and EORI) provide these 
logical operations with all sizes of immediate data. Table 15 sum- 
marizes the logical operations. 


SHIFT AND ROTATE OPERATIONS 


Shift operations in both directions are provided by arithmetic 
instructions ASR and ASL and logical shift instructions LSR and 
LSL. The rotate instructions (with and without extend) available 
are ROXR, ROXL, ROR, and ROL. All shift and rotate opera- 
tions can be performed in either registers or memory. Register 
shifts and rotates support all operand sizes and allow a shift 
count specified in a data register. 


Table 16 summarizes the shift and rotate operations. 


BIT MANIPULATION OPERATIONS 


The following instructions provide bit manipulation operations: 
bit test (BTST), bit test and set (BSET), bit test and clear (BCLR), 
and bit test and change (BCHG). Table 17 is a summary of the 
bit manipulation operations. (Bit 2 of the status register is 2.) 


Table 16. Shift and Rotate Operations 


instruction 


Size Operation 


ASR 


LSL |8, 16, 32 
LSR — |8, 16, 32 0 ХІС 


8, 16, 32 


8, 16, 32 


R68000 


Table 17. Bit Manipulation Operations 
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Table 19. Program Control Operations 


| instruction Operand Size Operation | instruction Operation 
4 | dà ЈЕ 4 
BTST 8, 32 ~ bit of (EA) »-2 Conditional 
Г Е 7] B Branch conditionally (14 conditions) 
~ у се y 
BSET 8, 32 bit ol (EA) ee. 8- and 16-bit displacement 
- at. 1 bit of EA 
ur DBcc Test condition, decrement, branch 
~ bit of (EA) »-2 Ае 3 
BCLR 8,32 0 bit of EA 16-bit displacement 
m КЕ ~ bit of (EA) >Z | Scc | Set byte conditionelly (16 conditions) 
à ~ bit of (EA) bit of EA Unconditional 
Г - GE BRA Branch always 
NOTE: ~ = invert 8- and 16-bit displacement 
BSR Branch to subroutine 
- and 16-bit dì t 
BINARY CODED DECIMAL OPERATIONS M ТА 
e В у СИ | : JMP Jump 
The following instructions accomplish multiprecision arithmetic | 
operations on binary coded decimal numbers: add decimal with JSR Jump to subroutine | 
extend (ABCD), subtract decimal with extend (SBCD), and Returns 
negate decimal with extend (NBCD). Table 18 summarizes the RTR Return and restore condition codes 
binary coded decimal operations. 
RTS Return from subroutine 


PROGRAM CONTROL OPERATIONS 


Program control operations implementation requires a series of 
conditional and unconditional branch instructions and return 
instructions. These instructions are summarized in Table 19. 


The conditional instructions provide setting and branching for 
the following conditions: 
CC — сапу clear 

CS — саму set 

EQ — equal 

Е — never true 

GE — greater or equal 
GT — greater than 

HI — high 

LE — less or equal 

LS — low or same 

LT — less than 


MI — minus 

NE — not equal 
PL — plus 

T — always true 


VC — no overflow 
VS — overflow 


Table 18. Binary Coded Decimal Operations 
instruction | Operand Size Operation 
А 2; 
Охо + 0у10 + X »Dx 
ABGP У – (А) 10 + -(АУ)10 + X + (АХ) 
Охчо - Рур - X »Dx 
icd ü | =(Ах)но ~ -Apio ~ X (А 
| | 
NBCD 8 | 0 - (ЕАО - X —(ЕА) 
NOTE: -( ) = indirect with predecrement 
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SYSTEM CONTROL OPERATIONS 


System control operations are accomplished by using privileged 
instructions, trap generating instructions, and instructions that 
use or modify the status register. These instructions are sum- 
marized in Table 20. 


INSTRUCTION SET 


The foliowing paragraphs provide information about the address- 
ing categories and instruction set of the R68000. 


ADDRESSING CATEGORIES 


Effective address modes may be categorized by the ways in 
which they may be used. The following classifications will be 
used in the instructions definitions. 

Data If an effective address mode глау be used to refer 
to data operands, it is considered a data addressing 
effective address mode. 

If an effective address mode may be used to refer 
to memory срегапд5, it is considered a memory 
addressing effective address rnode. 

If an effective address mode may be used to refer 
to alterable (writeable) operands, it is considered an 
alterable addressing effective address mode. 

If an effective address mode may be used to refer 
to memory operands without an associated size, it 
is considered control addressing effective address 
mode. 


Memory 


Alterable 


Control 


Table 21 shows the various categories to which each of the effec- 


tive address modes belong. Table 22 is the instruction set 
summary. 


16-Bit MPU 


R68000 
Table 20. System Control Operations 
Е 
instruction Operation 
Privileged | 
ANDI (о SR Logical AND to Status Register 
EORI to SR Logicat EOR to Status Register 
MOVE EA to SR. | Load New Status Register 
MOVE USP Move User Stack Pointer 
ORI to SR Logical OR to Status Register 
RESET Reset External Devices 
RTE Return from Exception 
STOP Stop Program Execution 
Trap Generating 
CHK Check Data Register Against Upper Bounds 
TRAP Trap 
TRAPV Trap on Overflow 
| — 
Status Register 
ANDI to CCR Logical AND to Condition Codes 
ЕОНІ to CCR Logical EOR to Condition Codes 
MOVE EA to CCR | Load New Condition Codes 
MOVE SR to EA | Store Status Register 
ORI to CCR Logical OR to Condition Codes 


The status register addressing mode is not permitted unless it 
is explicitly mentioned as a legal addressing mode. 


These categories may be combined, so that additional, more 
restrictive, classifications may be defined. For example, the 
instruction descriptions use such classifications as alterable 
memory or data alterable. The former refers to those address- 
ing modes which are both alterable and memory addresses, and 
the latter refers to addressing modes which are both data and 
alterable. 


INSTRUCTION PREFETCH 


The R68000 uses a two-word tightly-coupled instruction prefetch 
mechanism to enhance performance. This mechanism is 
described in terms of the microcode operations involved. If the 
execution of an instruction is defined to begin when the 
microroutine for that instruction is entered, some features of the 
prefetch mechanism can be described. 

1) When execution of an instruction begins, the operation word 
and the word following have already been fetched. The opera- 
tion word is in the instruction decoder. 

2) In the case of multi-word instructions, as each additional word 
of the instruction is used internally, a fetch is made to the 
instruction stream to replace it. 

3) The last fetch from the instruction stream is made when the 
operation word is discarded and decoding is started on the 
next instruction. 

4) If the instruction is a single-word instruction causing a branch, 
the second word is not used. But because this word is fetched 
by the preceding instruction, it is impossible to avoid this 
superfluous fetch. 

5) In the case of an interrupt or trace exception, both words are 
not used. 

6) The program counter usually points to the last word fetched 
from the instruction stream. 


INSTRUCTION EXECUTION TIMES 


The following paragraphs contain listings of the instruction 
execution times in terms of external clock (CLK) periods. In this 
timing data, it is assumed that both memory read and write cycle 
times are four clock periods. Any wait states caused by a longer 
memory cycle must be added to the total instruction time. The 
number of bus read and write cycles for each instruction is 
enclosed in parenthesis following the execution periods and is 
Shown as (r/w) where r is the number of read cycles and w is 
the number of write cycles. 


Table 21. Effective Addressing Mode Categories 
Effective Addressing Categories 
Address 
| Modes Mode Register Data Memory Control Aiterabie 

| + + 
Dn 000 Register Number X — - X 
An 001 Register Number = - — X 
(An) 010 Register Number ME X d X Jt X _| X 
(Ап) + 011 Register Number x x — x 
- (Ап) 100 Register Number X X — X 
d(An) 101 Register Number X X X X 

ze 

d(An, ix) 110 Register Number X X X X 
oW 111 000 X X X X 
xxx.L 111 001 X X X X 

| ЯН үрде 4 
(РС) 111 010 X X x — 
d(PC, ix) 111 011 x x x — 
#ххх 111 x x x | == — 
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| Condition Codes 
Mnemonic Description | Operation х м2 VIC 
+ = 4 
АВСО Add Decimal with Extend (Destination)49 + (Source)jg + X = Destination М Uj "ор 
ADD Add Binary (Destination) + (Source) -»- Destination ШЕКЕЛЬ 
е ~ T 
ADDA Add Address (Destination) + (Source) -» Destination —'|- '-|-|— 
ADDI Add immediate (Destination) + Immediate Data + Destination " |" |“ |“ gt 
ADDQ | Add Quick | (Destination) + Immediate Data -» Destination | “үс | “(с | У 
ADDX Add Extended (Destination) + (Source) + X -» Destination " |“ |“ |“ |“ 
АМО AND Logical (Destination) A (Source) — Destination | —|*|* |010 
- Т 
АМО! AND Immediate | (Destination) A Immediate Data — Destination a a 0 
ANDI to CCR | AND immediate to Condition Codes (Source) A CCR — ССВ | * 
ANDI to SR AND Immediate to Status Register (Source) A SR = SR sy и a 
|- - тү 
ASL, ASR Arithmetic Shift (Destination) Shifted by «count» Destination || Е 
Bcc Branch Conditionally № cc then PC + а »PC —|-|-|-|— 
- 1—À 
~ («bit number >) OF Destination — Z 
BCHG Test a Bit and Change ~ («bit number >) OF Destination + —|—-|*i—i— 
« bit number > OF Destination 
| 
А ~ («bit number) OF Destination =Z А 
BCLR Test a Bit and Clear 0 = «bit number > —OF Destination 1 = 71 
ВВА Branch Always РС + а —РС _|-|- |-|- 
| ^ |__ m 
. ~ («bit number») OF Destination »Z . 
BSET Test a Bit and Set 1 = « bit number > OF Destination m mm 
| 
BSR Branch to Subroutine PC -»(SP); PC + d -РС | 
BTST [Test a Bit ~ («bit number >) OF Destination -»-7 —-|—|*'|-—-|— 
CHK Check Register Against Bounds if Dn «0 or Dn» («ea») then TRAP —|*/!U 19 U 
E T 
CLR | Clear and Operand 4 0 æ Destination —|0 BN 0 | 0 | 
СМР Сотраге (Destination) - (Source) рр 
СМРА Compare Address (Destination) - (Source) —|* E “| i 
CMPI Compare Immediate (Destination) - immediate Data — |“ |“ |“ ] * 
~ — + + - 
CMPM Compare Memory (Destination) — (Source) рр 
DBcc Test Condition, Decrement and Branch | If ~ cc then Оп ~ 1 Оп; if Dn ж – 1 then РС + d »PC |—|—|—|—'— 
DIVS Signed Divide (Destination/(Source) -»Destination —|*|*1|*10 
иш 
DIVU Unsigned Divide (Destination)/(Source) -»Destination = |" |“ 70 
EOR Exclusive OR Logical (Destination) e (Source) Destination ОТО 
— m 
EORI Exclusive OR Immediate (Destination) e Immediate Data = Destination =. [41010 
Г n | OR | а | | B B 
Exclusive mmediate . |. |. |. 
EORI to CCR to Condition Codes (Source) e CCR + CCR 
NOTES: 
А = logical AND * = affected 
» = logical OR — = unaffected 
® = logical exclusive OR 0 = cleared 
~ = logical complement 1 = set 
U = undefined 
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Tabie 22. instruction Set (Continued) 


"T ———T — 
Condition Codes 
Mnemonic Description Operation Х|М|21|У1Сс 
Exclusive OR Immediate we | .„ fa |» | >» 
EORI to SR to Status Register (Source) e SR æ SR 
EXG Exchange Register Вх Ry [= 
= + + 
ЕХТ Sign Extend (Destination) Sign-Extended -» Destination —"|"|“|0]0 
mi —— 
УМР Јитр Destination -» PC —|-|—|- |— 
Р - t 1—1 
JSR Jump to Subroutine PC + - (SP); Destination + РС --|-|--|--|- 
ЦЕА Load Effective Address <ea> --Ап -і|--|--|-і- 
| l- 
LINK Link and Allocate Ап + (5Р); SP -—An; SP + Displacement æ SP —|—_|——|— 
| 4 
LSL, LSR Logical Shift (Destination) Shifted by «count» -» Destination • | |“ |0]“ 
МОМЕ Move Data from Source to Destination (Source) -»- Destination -| |" | 010 
— + 
MOVE to CCR | Move to Condition Code (Source) -— ССВ шаа 
MOVE to SR Move to the Status Register (Source) SR " |“ |“ |“ |“ 
Б + 
MOVE Кот SR | Move from the Status Register SR - Destination —|-|-|-|- 
4. —- » Ls инаи —_ 
MOVE USP Move User Stack Pointer USP + An; Ап > USP —|—|-|-|-— 
--- - — + ғ-ң 
МОУЕА Моуе Адагезз (Source) - Destination -і|-і-і-і- 
- - o - о eL— 4 
А . Register æ Destination 
MOVEM Move Multiple Registers (Source) >- Registers -|--1|--|-|-- 
—r T—1 
MOVEP | Move Peripheral Data (Source) + Destination = —— |— 
МОМЕО Move Quick Immediate Data = Destination —"|“'|“|0]0 
MULS Signed Multiply (Destination)X(Source) -» Destination —|*1[1"10,0 
pL И - 4 |. 
MULU Unsigned Multiply (Destination)X(Source) -» Destination —|* B 010 
NBCD Negate Decima! with Extend 0 - (Destination)4g ~ X - Destination ЕЕЕ 
МЕС Медаје |9 — (Destination) - Destination ‘yr |“ | | * 
МЕСХ Negate with Extend 0 — (Destination) - X + Destination " |“ | | "| 
- - - i— 
NOP No Operation — | | | | 
мот Logical Complement ~ (Destination) -& Destination ЕСЕД: 19 
OR Inclusive OR Logical (Destination) » (Source) = Destination —|*|*/0:0 
| 22 . + 4 
ORI inclusive OR immediate (Destination) » immediate Data = Destination —1*|*10/0 
а - mu | иза inn а . 4 
Inciusive OR Immediate . |. le dele 
OR! to CCR to Condition Codes (Source) » CCR + ССВ | 
; ; | 7 m | 
Inclusive OR Immediate ии be 
ORI to SR to Status Register (Source) y SR = SR 
пи 2 — —- - ше - — + |__| 
PEA Push Effective Address «ea» --- (SP) — |—|- | |— 
— d- — --- 4. MEM . | 
ВЕЗЕТ Reset External Device - |- --|--|-|- 
- 7 Т TT 
ROL, ROR Rotate (Without Extend} (Destination) Rotated by «count» + Destination —|*1*10]|* 
NOTES: 
А = logical AND * = affected 
» = logical OR — = unaffected 
€ = logical exclusive OR 0 = cleared 
— = logical complement 1 = set 
У = undefined 
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Table 22. Instruction Set (Continued) 
Condition Codes 
Mnemonic Description Operation хм VIC 
үс: E = P 4 + 
ока ROXR Rotate with Extend (Destination) Rotated by <count> -»Destination „ЖБ ЫЛЕ, ИБ, 
ВТЕ Return from Exception (SP) + SR; (SP) + PC ze Wer ops 
RTR Return and Restore Condition Codes (SP) + = СС; (SP) + »PC Pag Sh Банды 
- — |- 
RTS Return from Subroutine (SP) + PC —|— m = 
SBCD Subtract Decimal with Extend (Destination4o - (Зоигсе)10 ~ X - Destination | EE Uj* Го i 
Scc Set According to Condition If cc then 1’s + Destination else 0's = Destination –— |—|-|—- |— 
5ТОР Load Status Register and Stop Immediate Data — SR; STOP Sea ree eR 
| SUB Subtract Binary (Destination) - (Source) + Destination he eH БА 5 se 
SUBA Subtract Address (Destination) - (Source) = Destination —|-|-|- |— 
a E zl 
SUBI Subtract Immediate (Destination) — Immediate Data - Destination E a LED ca Ми 
| —- ба ли ee пи и 
SUBQ Subtract Quick (Destination) — Immediate Data + Destination Е А В 
+ _ " ‚| 
SUBX Subtract with Extend (Destination) ~ (Source) ~ X Destination НЕ ока 2 
SWAP Swap Register Halves Register [31:16]~»Register [15:0] —|*|*10,0 
TAS Test and Set an Operand (Destination) Tested = СС; 1 —[7] OF Destination —|*|*1[010 
TRAP Trap РС = - (SSP); SR  - (SSP); (Vector) —РС —|-|-|-|— 
TRAPV Trap on Overflow И » then TRAP р 
TST Test and Operand (Destination) Tested — СС —|*[*1[0/|0 
ET и al 
UNLK Unlink An SP; (SP) + Ап —|-|-|-|-— 
МОТЕ5: 
[ ] = bit number * = affected 
А = logical AND — = unaffected 
» = logical OR 0 = cleared 
® = logical exclusive OR 1 = set 
~ = logical complement Ц = undefined 


Note 


The number of periods includes instruction fetch and all 
applicable operand fetches and stores. 


EFFECTIVE ADDRESS OPERAND 
CALCULATION TIMING 


Table 23 lists the number of clock periods required to compute 
an instruction’s effective address. It includes fetching of any 
extension words, the address computation, and fetching of the 
memory operand. The number of bus read and write cycles is 
shown in parenthesis as (r/w). Note there are no write cycles 
involved in processing the effective address. 


MOVE INSTRUCTION CLOCK PERIODS 


Tables 24 and 25 indicate the number of clock periods for the 
move instruction. This data includes instruction fetch, operand 
reads, and operand writes. The number of bus read and write 
cycles is shown in parenthesis as (r/w). 
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STANDARD INSTRUCTION CLOCK PERIODS 


The number of clock periods shown in Table 26 delineate the 
time required to perform the operations, store the results, and 
read the next instruction. The number of bus read and write 
cycles is shown in parenthesis as (r/w). "ће number of clock 
Periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 


In Table 26, the headings have the following meanings: 
An=address register operand, Dn=data register operand, 
ва=ап operand specified by an effective address, and 
М = тетогу effective address operand. 


IMMEDIATE INSTRUCTION CLOCK PERIODS 


The number of clock periods shown in Table 27 includes the 
time to fetch immediate operands, perform the operations, store 
the results, and read the next operation. The number of bus read 
and write cycles is shown in parenthesis as (r/w). The number 


868000 16-Bit MPU 
Table 23. Effective Address Caiculation Timing 
Addressing Mode Byte, Word Long 
Register 
On Data Register Direct 0(0/0) 0(0/0) 
Ап Address Register Direct 0(0/0) 0(0/0) 
Memory 

(An) Address Register Indirect 4(1/0) 8(2/0) 

(An) + Address Register Indirect with Postincrement 4(1/0) 8(2/0) 

- (An) Address Register Indirect with Predecrement 6(1/0) 10(2/0) 

d(An) Address Register Indirect with Displacement 8(2/0) 12(3/0) 

«Ап, ix)* Address Register Indirect with Index 10(2/0) 14(3/0) 

ххх.М/ Absolute Short 8(2/0) 12(3/0) 

xxx.L Absolute Long 12(3/0) | 16(4/0) 

d(PC) Program Counter with Displacement 8(2/0) 12(3/0) 

«РС, іх)" Program Counter with index 10(2/0) 14(3/0) 

#ххх Immediate 4(1/0) 8(2/0) 

*The size of the index register (ix) does not affect execution time. 
Table 24. Move Byte and Word Instruction Ciock Periods 
Destination 
Source Оп Ап (Any: {Ап) + - (Ап) 9(Ап) «Ап, ix)* xxx.W xxx.L 
| = 
Dn 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) 12(2/1) 14(2/1) 12(2/1) 16(3/1) 
Ап 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) 12(2/1) 14(2/1) 12(2/1) 16(3/1) 
(An) 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1) 
(Ап) + 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1) 
- (An) 10(2/0) 10(2/0) 14(2/1) 14(2/1) 14(2/1) 18(3/1) 20(3/1) 18(3/1) 22(4/1) 
d(An) 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24(5/1) 
d(An, ix)* 14(3/0) 14(3/0) 18(3/1) 18(3/1) 18(3/1) 22(4/1) 24(4/1) 22(4/1) 26(5/1) 
ххх. М 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24 (5/1) 
xxx.L 16(4/0) 16(4/0) 20(4/1) 20(4/1) 20(4/1) 24(5/1) 26(5/1) 24(5/1) 28(6/1) 
d(PC) 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24(5/1) 
d(PC, ix)* 14(3/0) 14(3/0) 18(3/1) 18(3/1) 18(3/1) 22(4/1) 24(4/1) 22(4/1) 26(5/1) 
#ххх 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1) 
[i 
*The size of the index register (ix) does not affect execution time. 


of clock periods and the number of read and write cycles must 
be added respectively to those of the effective adress calcula- 
tion where indicated. 


In Table 27, the headings have the following meanings: 
#=immediate operand, Dn=data register operand, 
An=address register operand, M=memory operand, and 
SR = status register. 


SINGLE OPERAND INSTRUCTION CLOCK PERIODS 


Table 28 indicates the number of clock periods for the single 
operand instructions. The number of bus read and write cycles 
is shown in parenthesis as (r/w). The number of clock periods 
and the number of read and write cycles must be added respec- 
tively to those of the effective address calculation where 
indicated. 
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Table 25. Move Long Instruction Clock Periods 
r Е T В 
Destination 
Source Dn An (An) (Ап) + - (Ап) 9(Ап) «Ап, іх)" ххх. W xxx.L 
Dn 4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(2/2) 16(2/2) 20(3/2) 
Ап 4{1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(2/2) 16(2/2) 20(3/2) 
(Ап) 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2) 
pn к аа сива | = b YE 
(Ап) + 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2) 
- (An) 14(3/0) 14(3/0) 22(3/2) 22(3/2) 22(3/2) 26(4/2) 28(4/2) 26(4/2) 30(5/2) 
d(An) 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2) 
d(An, ix)* 18(4/0) 18(4/0) 26(4/2) 26(4/2) 26(4/2) 30(5/2) 32(5/2) 30(5/2) 34(6/2) 
Xxx. W 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2) 
xxx.L 20(5/0) 20(5/0) 28(5/2) 28(5/2) 28(5/2) 32(6/2) | 34(6/2) 32(6/2) 36(7/2) 
— - » 4 
d(PC) 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(5/2) 
d(PC, ix)* 18(4/0) 18(4/0) 26(4/2) 26(4/2) 26(4/2) 30(5/2) 32(5/2) 30(5/2) 34(6/2) 
#XXX 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2) 
: ++ А = 23 
“Тһе size of the index register (ix) does not affect execution time. 
Table 26. Standard instruction Clock Periods 
Instruction Size ор<еа>, Ant op<ea>, Dn op Dn, «M» 
T— -— -- 
Byte, Word. 8(1/0) + _ __ 4(1/0) + comb ___ВОА)+ ___ 
ADD. tong 6070) +** 6(1/0) + =* 12(1/2)% 
Byte, Word = 2 4(10)+ ___ 8(1/1) + 
AND Long = 6(110) + ** 12(12)+ 
Byte, Word _ 6(1/0) + _ 4(1/0) + — 
СМР Long 6(1/0) + 6(1/0) + = 
Divs = - 158(1/0) + " - 
DiVU — - 140(1/0) +” — 
Byte, Word == 4(1/0)*** _ 811) + 
FOR Cong = 8(1/0)*** 12(12)+ 
MULS - == 70(1/0) + * - 
MULU - — 70(1/0) + * — 
ӨҢ Byte, Word — 4(1/0) + do B+ _ 
Long = 6(1/0) + ** Г 12(172) + 
Byte, Word _| __8(10)+_____ | ___ 4(1/0) + _ ___8(11)+ | 
SUB Long 6(1/0) = 6(1/0) x ** 12(1/2) + 
МОТЕ5: 
+ add effective address calculation time 
T word or long only 
* indicates maximum value 
** The base те of six clock periods is increased to eight if the effective address mode is register direct or immediate (effective address time 
should also be added). 
*** Only available effective address mode is data register direct 
DIVS, DIVU The divide algorithm used by the R68000 provides less than 10% difference between the best and worst case timings. 
MULS, MULU The multiply algorithm requires 38 + 2n clocks where n is defined as: 
MULU: n = the number of ones in each «ea^ 
MULU: n = concatanate the <еа> with a zero as the LSB; n is the resultant number of 10 or 01 patterns in the 17-bit source; i.e., worst 
case happens when the source is $5555. 
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Table 27. Immediate Instruction Clock Periods 


Instruction Size op #, Dn op #, An ор #, М 
4 
ADDI Byte, Word 8(2/0) — 12(2/1) + 
Long 16(3/0) - 20(3/2) + 
Byte, Word 4(1/0) 8(1/0)* 8(1/1) + 
ADDQ Long 8(170j 8070) 12172) + 
ANDI Byte, Word 8(2/0) = 12(2/1) + 
Long 16(3/0) — 20(3/1) + 
СМР! Byte, Word 8(2/0) — 8(2/0) + 
Long 14(3/0) Em 12(3/0) + 
EORI Byte, Word 8(2/0) -- 12(2/1) + 
Long 16(3/0) — 20(3/2) + 
| 
МОМЕО Long 4(1/0) - - 
ORI Byte, Word 8(2/0) — 12(2/1) + 1 
Long 16(3/0) ри 20(3/2) + 
SUBI Byte, Word 8(2/0) — 12(2/1) + 
Long 16(3/0) - 20(3/2) + 
зивд Byte, Word 4(1/0) 8(1/0) 8(1/1) + 
Long 8(1/0) 8(1/0) 12(172) + 
+ add effective address calculation time 
* word only 
Table 28. Single Operand Instruction Clock Periods 
Instruction Size Register Memory 
——— —[L—M——————————M—— 
CLR Byte, Word 4(1/0) 8(1/1) + 
Long 6(1/0) 12(1/2) + 
NBCD Byte 6(1/0) 8(1/1) + 
МЕС Вуге, М/ога 4(1/0) 8(1/1) + 
Cong 6(1/0) 12(1/2) + 
й Byte, Word | 4(1/0) 8(1/1) + 
NEGX Long - 6070) 120175) + 
| Byte, Word 4(1/0) 8(1/1) + 
NOT Long 6670) 120172) + 
Byte, False 4(1/0) ВИЛ) + _ 
Scc Byte, True 6(1/0) вал) + 
ТАЗ Вуе 4(1/0) 10(1/1) + 
TST Byte, Word 4(1/0) 4(1/0) + 
5 Long Г 20170) 4310): 
+ add effective address calculation time 
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SHIFT/ROTATE INSTRUCTION CLOCK PERIODS 


Table 29 delineates the number of clock periods for the shift 
and rotate instructions. The number of bus read and write cycles 
is shown in parenthesis as: (г/м). The number of clock periods 
and the number of read and write cycles must be added respec- 
tively to those of the effective address calculation where 
indicated. 


BIT MANIPULATION INSTRUCTION CLOCK PERIODS 


Table 30 indicates the number of clock periods required for the 
bit manipulation instructions. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 


16-Bit MPU 


CONDITIONAL INSTRUCTION CLOCK PERIODS 


Table 31 delineates the number of clock periods required for 
the conditional instructions. The number of bus read and write 
cycles is indicated in parenthesis аз: (r/w) The number of clock 
periods and the number of read and write сус!ез must be added 
respectively to those of the effective address calculation where 
indicated. 


JMP, JSR, LEA, PWA, MOVEM INSTRUCTION CLOCK 
PERIODS 


Table 32 indicates the number of clock periods required for the 
jump, jump to subroutine, load effective address, push effec- 
tive address, and move multiple registers instructions. The 
number of bus read and write cycles is shown in parenthesis 
as: (г/м). 


Table 29. Shift/Rotate Instruction Clock Periods 


Instruction Size Register Memory 
— 4 at B 
Byte, Word 6 + 2n(1/0) , 8(1/1) + 
ASR, ASL Long i 8 + 2n(1/0) 1 = 
Byte, Word 6 + 2n(1/0) 8(1/1) + 
LSR.-ESL Long a 8 + n(/0j EE 
E Byte, Word | __ 6 + 2n(1/0) | _8(1/1)+ 
ROR/ROE Long E 8 + 2n(1/0) = 
Byte, Word. d 6 + 2n(1/0) "M 2 801) + 
ROXR:ROXL Long 8 + 2100) = 
+ add effective address calculation time 
n is shift or rotate count 
Table 30. Bit Manipulation Instruction Clock Periods 
Dynamic Static 
Instruction Size Register Memory Register Memory 
Byte - 8(1/1) + a OE 12(2/1) + 
BCHG Long 8070)“ = 150}: та 
Вуге — 8(1/1) + -- 12(2/1) + 
BCLR Long 16070) —— = 14(80)* = 
Вуге - ВИЛ) + — 12(2/1) + 
BSET Long “80109-77 - 12270)“ T = 
E Byte = ГІП: ГЕН are 820+ | 
Ше Long 6(1/0) ы 7710200)” к аш 
+ add effective address calculation time 
* indicates maximum value 
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——— ——–———_—––——=—оо—о—=—= 


Table 31. Conditional Instruction Clock Periods 
2 
Instruction Displacement Branch Taken Г Branch Not Taken 
ü Byte 10(2/0) 8(1/0) 
CC i Word 10(2/0) 12(2/0) 
Byte 10(2/0) == 
ВАА Word 10(2/0) = 
Byte 18(2/2) 1 — 
BSR Word 18(2/2) | = 
DB CC true = к 12(2/0) 
СС СС false 10(2/0) 14(3/0) 
Table 32. ЈМР, JSR, LEA, РЕА, MOVEM INSTRUCTION CLOCK PERIODS 
x 
Instr Size (An) (Ап) + – (Ап) 9(Ап) «Ап, 1х) * + ххх. М! xxx.L | d(PC) d(PC, ix)* 
JMP 8(2/0) — = 10(2/0) 14(3/0) 10(2/0) 12(3/0) 10(2/0) 14(3/0) 
JSR - 16(2/2) - = 18(2/2) 22(2/2) 18(2/2) 20(3/2) 18(2/2) 22(2/2) 
LEA - 4(1/0) - - 8(2/0) 12(2/0) 8(2/0) 12(3/0) 8(2/0) 12(2/0) 
PEA = 12(1/2) = - 16(2/2) 20(2/2) 16(2/2) 20(3/2) 16(2/2) 20(2/2) 
E 4 + 
Word 12 + 4n 12 + 4п 16 + 4п 18 +4п 16 + 4п 20 + 4п 16 + 4п 18 + 4п 
МОМЕМ р! (3 + n/O) (3 + n/O) "S (4 + п/о) | (4 + п/0) (4 + п/0) (5 + п/0) (4 + п/0) (4 + п/0) 
M-R 12 + 8n 12 + 8n 16 + 8п 18 + 8п 16 + 8п 20 + 8n 16 + 8п 18 + 8n 
Long | (з + оп) | (3 + 2n/O) - (4 + 2n/0) | (4 + 20) | (4 + 2n/0) | (5 + 210) | (4 + 2n/O) | (4 + 21/0) 
-+ 2L 
Word 8 + 4n 8 + 4n 12 + 4n 14 + 4n 12 + 4n 16 + 4n — - 
МОУЕМ ord | (рт) ui (гіп) (3/n) (З/п) (зіп) (4/n) - - 
Прим 8 + 8n = в+ вп 12 + вв | 14 + вп | 12 + вп | 16 + вп e = 
tong | (доп) = (2/2n) (3/2п) (3/2n) (3/2n) (4/2n) = — 
4. 
n is the number of registers to move 
* The size of the index register (ix) does not affect the instruction's execution time 


MULTI-PRECISION INSTRUCTION CLOCK PERIODS 


Table 33 delineates the number of clock periods for the multi- 
precision instructions. The number of clock periods includes the 
time to fetch both operands, perform the operations, store the 
results, and read the next instructions. The number of read and 
write cycles is shown in parenthesis as: (r/w). 


In Table 33, the headings have the following meanings: Dn = data 


register operand and M = memory operand. 


Table 33. Multi-Precision instruction Clock Periods 


instruction Size op Dn, Dn opM, M 
Byte, Word 4(1/0) 18(3/1) 

ADDX Long T 800) 30(5/2) 

4 

Byte, Word — 12(3/0) 

CMPM Long ү = 20(5/0) 
Byte, Word 4(1/0) 18(3/1) 

SUBX Long 8070) 30(5/2) 
ABCD Byte 6(1/0) 18(3/1) 
SBCD Byte 6(1/0) 18(3/1) 
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MISCELLANEOUS INSTRUCTION CLOCK PERIODS 


Table 34 and 35 indicate the number of clock periods for the 
following miscellaneous instructions. The number of bus read 
and write cycles is shown in parenthesis as: (r/w). The number 
of clock periods plus the number of read and write cycles must 
be added to those of the effective address calculation where 


EXCEPTION PROCESSING CLOCK PERIODS 


Table 36 delineates the number of clock periods for exception 


16-Bit MPU 


processing. The number of clock periods includes the time for 


all stacking, the vector fetch, and the fetch of the first instruc- 
tion of the handler routine. The number of bus read and write 


cycles is shown in parenthesis as (r/w). 


indicated. 
Table 34. Miscellaneous Instruction Clock Periods 
Instruction Size Register Memory Instruction Size Register Memory 
ANDI to CCR Byte 20(3/0) - LINK | - 16(2/2) — 
ANDI to SR Word 20(3/0) - | MOVE from USP - | 40/0) zd 
CHK Lm 10(1/0) + — || MOVED USP — =e | 4(1/0) — 
EORI to CCR Byte ОО 20030) FPE NOP i RETE E РҮ; — 
EORI to SR Word 20(3/0) E | RESET - | 1320/0) — 
ORI to CCR Byte 200/0) | — || ате — — [| ооо) 58 
ORI to SR Word 20(3/0) Е 7 та acr | 20(5/0) — 
MOVE from SR E. 6(1/0) ви) + RTS | | — [^ ваю) = 
MOVE to CCR = 1220 | 1220, || STOP | Aio) RE 
MOVE to SR — № 12(2/0) 12(2/0) + О] swap 7 — | 4(1/0) - 
EXG | = || 6(1/0) A (|| TRAPV -— ў ЕНЕДІ 4(1/0) | - 
EXT iver ue = _| UNLK | - 12(3/0) = 


+ add effective address calculation time 


Table 35. Move Peripheral Instruction Execution Times 


Table 36. Exception Processing Clock Periods 


Instruction | Size | Register—-— Memory | Memory—-Register Exception Periods 
Word 16(2/2 16(4/0 Address Error 50(4/7 
МУР [tong io) _ 2460 eek га Bus Error | aah 
| ^ CHK Instruction sub. | | 44(5/4) + 
Divide by Zero m 42(5/4) 
| llega! Instruction — ЕТТЕ 
Interrupt В 44(5/3)* 
Privilege Violation 7 34(4/3) 
RESET"? 7 “40(6/0) | 
Тгасе | mE | 34(4/3) 
TRAP Instruction | | 38(4/4) 
| TRAPV Instruction | 34(4/3) 
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periods. 


+ add effective address calculation time 
* The interrupt acknowledge cycle is assumed to take four clock 


** Indicates the time from when RESET апа НАШ are first sampled 
as negated to when instruction execution starts. 


R68000 16-Bit MPU 
MAXIMUM RATINGS Where: 
Rating Symbol | Vaiue Unit Ta = Ambient Temperature, °C 

Supply Voltage Усс | -03to +70 | V 6JA = Package Thermal Resistance, Junction-to- 
Input Voltage VIN -0.3 to +7.0 V Ambient, °C/W 
Operating Temperature Range TL to TH Pp = PINT + Ро 

T, 0 to 70 °С 

А ° PINT = СС • МСС, Watts—Chip Internal Power 

Storage Temperature Тата — 56 to 150 °С 


THERMAL CHARACTERISTICS 


— 


| 64-Pin Plastic Dip 


Characteristic Symboi Value Unit 
Thermal Resistance LAY 
64-Pin Ceramic 30 °C/W 


55 +5 СМ 


This device contains circuitry to protect the inputs against 


Рио = Power Dissipation on Input and Output Pins— 
User Determined 


For most applications Рџо < PINT and can be neglected. 


An approximate relationship between Рр and Ty (if Руо is 
neglected) is: 


damage due to high static voltages or electric fields; however, 
it is advised that normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum-rated voltages to this 
high-impedance circuit. Reliability of operation is enhanced if 
unused inputs are tied to an appropriate logic voltage level (e.g., 
either М55 ог Усс. 


Ро = К + (Ty + 273°C) (2) 


Solving equations 1 and 2 for К gives: 


К = Pp • (TA + 273°C) + вуд Рр2 (3) 
POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be 
obtained from: 


Where K is a constant pertaining to the particular part. K can 
be determined from equation 3 by measuring Pp (at equilibrium) 
for a known Ta. Using this value of K the values of Pp and Ty 
can be obtained by solving equations (1) and (2) iteratively for 


TJ = Ta + (PD * 6ЈА) (1) any value of Ta. 


DC ELECTRICAL CHARACTERISTICS 
Voc = 5.0 Мас +5%, Vgg = 0 Мас, ТА = TL to TH °C. See Figures 41, 42, and 43. 


Characteristic Symbol Min Max | Unit Test Conditions __ 

Input High Voltage Ун 2.0 Усс M 
Input Low Voltage Lov Vss - 0.3 0.8 У 
Input Leakage Current 

BERR, ВСАСК, BR, БТАСК, CLK, IPLO-IPL2 ЛУ - 2.5 ҺА Мм = 5.25 

VPA, HALT, RESET - 20 ҺА Voc = ОМ 
Three-State (Off State) Input Current ITs! - 20 ҺА 

AS, A1-A23, 00-015, FCO-FC2, LDS, АМ, 005, УМ VIN = 0.4У to 2.4V 

Vi = 5.25V 
- -- 1-66 

Output High Voltage VOH 

Е* Voc - 0.75 — у Voc = 4.75V 

E, AS, A1-A23, BG, 00-015, FCO-FC2, LDS, R/W, UDS, УМА 2.4 - У Юн = ~ 400 pA 
Output Low Voltage VOL Voc = 4.75V 

HALT — 0.6 M (Ог = 1.6 mA) 

BG, FCO-FC2, A1-A23 — 0.5 V (loL = 3.2 mA) 

RESET — 0.5 У (lot = 5.0 тА) 

AS, 00-015, CDS, R/W UDS, УМА — 0.5 У (О, = 5.3 mA) — 
Power Dissipation Pp'** — 1.5 уу 
Input Capacitance CIN - 20.0 рЕ Voc = 5.0V, Мм = ОМ 

f = 1 MHz, TA = 25°C 

*With external pultup resistor of 1.1 kQ 

**Capacitance is periodically sampled rather than 100% tested. 
***During normal operation instantaneous Усс current requirements may be as high as 1.5A. 
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+5V 
хау +5V Rt =740 0 
TEST MMD6150 
POINT OR EQUIVALENT 
910 0 2.9 ко 
ВЕЗЕТ HALT CL Т RL 
0——— MMD7000 
— m OR EQUIVALENT 
130 pF 70 pF = = 
p CL =130 pF 
{INCLUDES ALL PARASITICS) 


RL =6.0 ко FOR _ — 
AS, А1-А23, ВС, 00-015, Е 


FCO-FC2, LDS, R/W, UDS, УМА 
В *= 1.22 КО FOR А1-А23, BG, 


FCO-FC2 
Figure 41. RESET Test Load Figure 42. HALT Test Load Figure 43. Test Loads 
CLOCK TIMING (See Figure 44) 
С 4 МН2 6 MHz 8 MHz 10 MHz :2.5 MHz А 
Characteristic Symbol Min Max Min Max Min Max Min Max Min Max Unit 
Frequency of Operation F 20 4.0 2.0 6.0 2.0 8.0 2.0 10.0 40 12.5 MHz 
Cycle Time їсус 250 500 167 500 125 500 100 500 80 250 ns 
Clock Pulse Width ісі. 115 250 75 250 55 250 45 250 35 125 ns 
tCH 115 250 75 250 55 250 45 250 35 125 
Rise and Fall Times icr x 10 EE 10 = 10 = 10 Е 5 ns 
tct -- 10 -- 10 — 10 -- 10 - 5 


Figure 44. Input Clock Waveform 
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES 
(Voc = 5.0 Мас +5%, Vss = 0 Мас; Ta = ТІ to Ty, see Figures 45 and 46) 


Srey 


4 MHz 6 MHz 8 MHz 10 MHz 12.5 MHz 
Num. Characteristic Symbol E mu Unit 
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max 
жақ жошы ае EM 
1 Clock Period ісус 250 500 167 500 | 125 500 ы 100 500 80 250 ns 
2 Clock Width Low tcL 115 250 75 250 55 250 45 250 35 125 ns 
3 Clock Width High СН 115 250 75 250 55 250 45 250 35 125 ns 
4 Clock Fall Time ісі — 10 - 10 - 10 — 10 = | 5 ns 
5 Clock Rise Time ter - 10 ан 10 - 10 — 10 — 5 ns 
6 | Clock Low to Address {САУ = 90 = 80 == 70 - 60 — 55 ns 
6A Clock High to FC Valid tCHFCV — 90 — је 80 — 70 == 60 – | 55 п$ 
7 | Clock High to Address Data. | tcuazx | —| 120| — | 100/ -| so} |0 —| 60 ns 
High Impedance (Maximum) 
+ + 
8 Clock High to Address/FC tCHAZn 0 — 0 — 0 — 0 — 0 — ns 
J Invalid (Minimum) 
9! | Clock High to AS, DS Low tCHSLx - 80 - 70 - 60 - 55 - 55 ns 
(Maximum) | 
10 | Clock High to AS, DS Low icHSLn 0 - 0 - 0 - 0 - 0 - ns 
(Minimum) | 
112 | Address to AS, DS (Read) tAVSL 55 - 35 - зор — 20 - 0 - ns 
Low/AS Write | 
11A2 | FC Valid to AS, DS (Read) tECVSL 80 - 70 - 60 — sol — 40 — ns 
Low/AS Write 
12! | Clock Low to AS, DS High tCLSH — 90 — 80 - 70 - 55 —| 50 ns 
132 | AS, DS High to Address/FC tSHAZ 60 — 40 — 30 — 20 - 10 — ns 
Invalid М пе ет 
142 | AS, DS Width Low (Read)/AS ts 535 — | 337 — | 240 — | 195 — | 160 — ns 
Write 
ре n T 
14А? | DS Width Low (Write) tpwpw | 285 | = 170 — | 115 - 95 - 80 — ns 
е + 
152 AS, DS Width High ең 285 == 180 == 150 === 105 — 65 — ns 
4 - 4 
16 Clock High to AS, BS High tcHSZ = 120 - 100 - 80 - 70 - 60 ns 
2; 1 
172 | AS, DS High to ВАУ High tSHRH 60 - 50 - 4| — 20 — 10 - ns 
181 Clock High to R/W High 'CHRHx = 90 - 80 — 70 — 60 Бей 60 ns 
(Maximum) | 
19 | Clock High to R/W High tCHRHn 0 - 0 = 0 - 0 E 0 = ns 
(Minimum) | 
20' | Clock High to ВАМ Low | tcHRL =| 9 - 80 - 70 - 60 — 60 ns 
2046 | AS Low to RW Valid taSRV = 20 x 20 = 20 = 20 = 20 ns 
212 | Address Valid to ВАМ Low tAVRL 45 = 25 — 20 | = 0 - 0 as ns 
2142 | FC Мана to ВАМ Low tECVRL 80 = 70 — 60 — 50 — 30 — ns 
222 | R/W Low to DS Low (Write) tRLSL 200 — | 140 — 80 - 50 = | — ns 
Г T 
23 Clock Low to Data Out Valid tCLDO — 90 — 80 — 70 — 55 — 55 ns 
24 | Clock High to АЛ, УМА tCHRZ —| 120 — | 100 - 80 - 70 - 60 ns 
High Impedance | 
2-2 Т T 
252 DS High to Data Out Invalid tSHDO 60 — 40 = 30 a 20 Hoes 15 iue ns 
de 
262 | Data Out Valid to DS Low tDOSL 55 - 35 - 30 - 20 - 15 - ns 
(Write) p. 
275 Data In to Clock Low tDICL 30 = 25 — 15 = 10 == 10 == ns 
(Setup Time) 
Қожаны Аы T 
27A | Late BEHR Low to Clock Low 'BELCL 45 -- 45 ge 45 — 45 = 45 — ns 
(Setup Time) 
282 | AS, DS High to DTACK High | tsHDAH 0| 490 0| 325 0 | 245 о | 190 0 | 150 ns 
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (CONTINUED) 


Г ЕЕ 4MHz | 6 MHz 8 MHz 10 MHz 12.5 MHz 
Num. Characteristic Symbol | T T 7 T ] Unit 
| Мїп | Мах | Мїп | Мах | Min | Мах | Мт | Мах Min Max | 
29 | DS High to Data Invalid tgHDI 0 - 0 - 0 - 0 - 0 - ns 
L (Hold Time) | _ uL 
30 | AS, 5 High to BERR High tSHBEH 0 - 0 - 0 - 0 - 0 - ns 
312 | БТАСК Low to Data In tDALDI —| wo] — | 120! — wl — | 65| — | 50 | ms 
(Setup Time) 
32 | HALT and RESET Input taut | 0| 20| о | 200 о | 200 о | 200 0 20 | ms 
Transition Time 
зз | Clock High to BG Low tcHGL —| e| — | æl —| | -| e| -l s n 
34 | Clock High to BG High tCHGH —| | —| sw] —] 7о| — | во! =| so ns 
35 | BR Low to BG Low нісі | 15| 35| 15| 35| 15| 35| 15] 35] 15 | 35 [Ck Per. 
36 | BR High to BG High 'BRHGH 15] 35| 15| 35) 15| 35| 15| 35| 15! 35 | СК. Per. 
37 | BGACK Low to BG High Болон | 15| 30| 15| 30 15 30| 15| 30| 15| зо |Ck Per. 
ЗТА | BGACK Low to BR High івсквя | 30| —| 25! —| 20) —| 2| -| æ] — | ns 
(to Prevent Rearbitration) 
зв | BG Low to Bus High tz | —| 120) —| wolf — | & | -| 70] - 60 | n 
Impedance (with AS High) 
39 | BG Width High јан 1.5 = БЕЗІ —| 15 | —| 1.5 772 15 | TZ | Clk. Per. 
40 | Clock Low to ММА Low tCLVML — | s | -| во| —| | -| wl - 70 | n 
41 | Clock Low to E Transition сіс — | qo} — | 85| —| 70] — | 5 -| 45 ns 
| 42 | E Output Rise and Fall Time ЕН -l | —| | `- 5 БЕС БЕЗІ —| 25 ns 
43 | VMA Low to E High ммен| 325| =| 240] — | æ] — 0| -| | — ns 
44 | AS, DS High to VPA High tSHVPH 0| 240 о | 160 о | 120 о| о 70 пз 
45 | E Low to Address/VMA/FC TELAI 55| — | 35| —[| з! —| wl —| wl — ns 
__| Invalid 22241 EE d EMEN 
46 BGACK Width іва. 1.5 — 1.5 — 1.5 — 1.5 — 1.5 — | Сік. Рег. 
475 | Asynchronous Input usi | 30| -=| 5| -| æl —| | -| | — ns 
КИ Setup Time 22 | _ _ 
483 | BERR Low to DTACK Low !BELDAL | 30 - 25 - 20 - 20 - 20 - ns 
49 | E Low to AS, DS Invalid tes! |-0 — | -8| —| -80 [=| -s | +] -f - ns 
50 | E Width High ЧЕН 900 — | 60| — | 450 — | 350| —| 280 — | т 
51 Е Width Low tEL 1400 - 900 -- 700 -- 550 -- 440 — ns 
52 | E Extended Rise Time tCIEHX — | eo] =- | -| s | —| во! — | во ns 
53 | Data Hold from Clock High ICHDO of —| of —| of —| of —| of — ns 
54 Data Hold from E Low (Write) tELDOZ 60 — 40 — ЕС” —| | — 15 — ns 
55 | RAW to Data Bus Impedance | tRLDO s| — | 35! -| | —| a | -| wl — | os 
| Change | _ __ _ | 
564 | HALT/RESET Pulse Width tHRPW | о - 10 - 10 - 10 - 10 — | Clk. Per. 
Notes: | 7 | 
1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given in these columns. 
2. Actual value depends on clock period. 
3. if #47 is satisfied for both DTACK and ВЕНА, #48 may be 0 nanoseconds. 
4. For power up, the MPU must be held in RESET state for 100 ms to stabilize all on-chip circuitry. After the system is powered up, £56 refers 
to the minimum pulse width required to reset the system. 
5. If the asynchronous setup time (#47) requirements are satisfied the DTACK low-to-data setup time (#31) requirement can be ignored. The data 
must only satisfy the data-in clock-low setup time (#27) for the following cycle. 
6. When AS and R/W are equally loaded (+ 20%), subtract 10 nanoseconds from the value given in these columns. 
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771 


А1-А23 


LDS/UDS 


R/W 


FCO-FC2 


ASYNCHRONOUS 
INPUTS 
(NOTE 1) 


HALT/RESET 


BERR/BR 
(NOTE 2) 


DTACK 


DATA IN 


NOTES: 


1. SETUP TIME FOR THE ASYNCHRONOUS INPUTS BGACK, IPLO-IPL2, AND VPA GUARANTEES THEIR RECOGNITION AT THE 
NEXT FALLING EDGE OF THE CLOCK. 

2. BR NEEDS FALL AT THIS TIME ONLY IN ORDER TO INSURE BEING RECOGNIZED AT THE END OF THIS BUS CYCLE. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE OF 
2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 45. Read Cycle Timing 
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so $1 $2 $3 $4 55 56 57 50 


CLK 


A1-A23 


LDS/UDS 


R/W 


DATA OUT 


ЕС0-ҒС2 


ASYNCHRONOUS 
INPUTS 


HALT/RESET 


BERR/BR 


DTACK 


NOTES: 

1. BECAUSE OF LOADING VARIATIONS, R/W MAY BE VALID AFTER AS EVEN THOUGH BOTH ARE INITIATED ВУ THE RISING 
EDGE OF S2 (SPECIFICATION 20A). 

2. TIMING MEASUREMENTS ARE REFERENCED ТО AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE OF 
2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 46. Write Cycle Timing 
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AC ELECTRICAL SPECIFICATIONS — BUS ARBITRATION 
(УСС = 5.0 Мас +5%, Vss = 0 Мас, Ta = 0° to 70°C. See Figure 47.) 
— T —[|Щ—— 
4 MHz 6 MHz 8 MHz 10 MHz 12.5 MHz 1 
Мит. Characteristic Symbol - И И Unit 
Min | Max | Min | Мах | Min | Max | Min | Max | Min | Мах EN 
33 | Clock High to BG Low tCHGL — 90 - 80 - 70 - 60 - 50 ns 
——. | m 1 ~~ 
34 Clock High to BG High існен - 90] — 80 — 701 =) 60 =~] 50 | ns 
35 | BR Low to BG Low "вага. 1.5 | 3.5 1.5 | 3.5 1.5 | 3.5 1.5 | 3.5 15 | 3.5 | Clk. Per. 
36 | ВА High to BG High _ tBRHGH 1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5 | Clk. Рег. 
37 | BGACK Low to BG High tGALGH 15| 30| 15| 30| 15; 30) 15| 30| 15) 3.0 | Chk. Per. 
---------- mi 
37A | BGACK Low to BR High tBGKBR 30 - 25 - 20 - 20| — | 20 - ns 
(to Prevent Rearbitration) 
38 BG Low to Bus High tGLZ — 120 - 100 — 80 — 70 - 60 ns 
Impedance (with AS High) 
39 BG Width High ібн 1.5 - 1.5 — 1.5 — 1.5 - 1.5 | _- CIk. Рег. 
46 | BGACK Width ве. 1.5 —| 15 —| 15 —| 15 —| 15 — | Сік. Per. 
L - а. А. і ы — 
THESE WAVEFORMS SHOULD ONLY BE REFERENCED IN REGARD TO THE EDGE-TO-EDGE MEASUREMENT OF THE TIMING 
SPECIFICATIONS. THEY ARE NOT INTENDED AS A FUNCTIONAL DESCRIPTION OF THE INPUT AND OUTPUT SIGNALS. 
REFER TO OTHER FUNCTIONAL DESCRIPTIONS AND THEIR RELATED DIAGRAMS FOR DEVICE OPERATION. 
STROBES / X __ 
AND R/W 
BR \ 
BGACK 
-———68 69 
ва 
ак А 
МОТЕ5: 
1. SETUP TIME FOR THE ASYNCHRONOUS INPUTS BERR, BGACK, ВА, ОТАСК, IPLO-IPL2, AND УРА GUARANTEES THEIR 
RECOGNITION AT THE NEXT FALLING EDGE OF THE CLOCK. 
2. WAVEFORM MEASUREMENTS FOR ALL INPUTS AND OUTPUTS ARE SPECIFIED AT: LOGIC HIGH= 2.0 VOLTS, 
LOGIC LOW=0.8 VOLTS 
— 


Figure 47. АС ELECTRICAL Waveforms — Bus Arbitration 


DOUBLE-DENSITY FLOPPY DISK 
CONTROLLER (DDFDC) 


R68465 


R68465 


PRELIMINARY 


DESCRIPTION 


The R68465 Double-Density Floppy Disk Controller (DDFDC) 
interfaces up to four floppy disk drives to a 68000/68008 
microprocessor-based system. The DDFDC simplifies the system 
design by minimizing both the number of external hardware com- 
ponents and software steps needed to implement the floppy disk 
drive (FDD) interface. Control signals supplied by the DDFDC 
reduce the number of components required in external phase 
locked loop and write precompensation circuitry. Memory- 
mapped registers containing commands, status and data simplify 
the software interface. Built-in functions reduce the software 
overhead needed to control the FDD interface. The DDFDC sup- 
ports both the IBM 3740 Single-Density (FM) and IBM System 
34 Double-Density (MFM) formats. 


The DDFDC interfaces directly to the 68000/68008 asynchronous 
microprocessor bus and operates with 8-bit byte length data 
transferred on the bus. The DDFDC will operate in either DMA 
or non-DMA mode. In DMA mode, the MPU need only load the 
command into the DDFDC and all data transfers occur under 
DMA control. The DDFDC is directly compatible with the 
MC68440 Dual Direct Memory Access Controller (DDMAC). In 
non-DMA mode, the DDFDC generates an interrupt to the MPU 
indicating that a byte of data is available. 


Controller commands, command or device status, and data are 
transferred between the DDFDC and the MPU via six internal 
registers. The Main Status Register (MSR) stores the DDFDC 
status information while four additional status registers provide 
resuit information to the MPU following each controller com- 
mand. The Data Register (DR) stores actual disk data, param- 
eters, controller commands and РОО status information for use 
by the MPU. 


The R68465 executes 15 separate multi-byte commands: 


Read Data Specify 

Write Data Format a Track 

Read Deleted Data Scan Equal 

Write Deleted Data Scan High or Equal 
Read a Track Scan Low or Equal 
Read ID Sense Interrupt Status 
Seek Sense Drive Status 
Recalibrate (Restore to Track 0) 


FEATURES 
* Address mark detection circuitry 


* Software control of 
—Track stepping rate 
—Head load time 
—Head unload time 


* ІВМ compatible in both single- and double-density recording 
formats 


* Programmable data record lengths: 128, 256, 512, 1024, 
2048, 4096 or 8192 bytes/sector 


* Multi-sector and multi-track transfer capability 
* Controls up to four floppy disk drives 


* Data scan capability—will scan a single sector or an entire 
track of data fields, comparing on a byte-by-byte basis data 
in the processor's memory with data read from the disk 


* Data transfers in DMA or non-DMA mode 
* Parallel seek operations on up to four drives 


* Directly compatible with 68000 16-bit and 68008 8-bit asyn- 
chronous microprocessor bus 


* Single phase 8 MHz Clock 
* Single 45 Volt Power Supply 


ORDERING INFORMATION 


Part Number CLK Frequency Temperature Range 


R68465 8 MHz 0°C to 70°C 


Package: C = Ceramic | 
Р = Plastic 


SS TS ST TS 


Document Мо. 68650М08 


Product Description Order Мо. 707 
Rev. 3, March 1984 


868465 


Double-Density Floppy Disk Controller (DDFDC) 


ASYNCHRONOUS 
BUS 
INTERFACE 


DMAC 
INTERFACE 


R68465 
DDFDC 


FDD 
SERIAL 
DATA 
INTERFACE 


IDX 
WP/TS 
FLT/TRKO 
LCT/DIR 
FR/STP 
RW/SEEK 
HDL 
HDSEL 


FDD 
STATUS 
INTERFACE 


LL 


Figure 1. DDFDC Input and Output Signals 


PIN DESCRIPTION 


Throughout this document signals are presented using the terms 
active and inactive, or asserted and negated, independent of 
whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted, by a superscript bar. For 
example, R/W indicates read is activethigh and a write is active 
low. | 


BUS INTERFACE 


DO-D7—Data Lines. The bidirectional data lines transfer data 
between the DDFDC and the 8-bit data bus. 


CLK—CLOCK. The clock is a TTL compatible 8 MHz square 
wave signal. 


RESET —RESET. This active high input places the DDFDC in the 
idle state and resets the output lines to the floppy disk drives 
to the low state. 


CS—Chip Select. The DDFDC is selected when the CS input 
is low. 
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RS—Data/Status Reglster Select. This input selects the Data 
or Status Register for reading from or writing to. When 
RS = high, the Data Register is selected and the state of R/W 
determines whether it is a read (R/W = high) or a write 
(R/W = low) operation. when RS = low, the Status Register is 
selected. This register may only be read (R/W = high); the state 
RW = low is invalid when the Status Register is selected. 


iRQ—Interrupt Request. This active low output is the interrupt 
request generated by the DDFDC to the MPU. IRQ is asserted 
upon completion of some DDFDC commands and before a data 
byte is transferred between the DDFDC and the data bus (in the 
Non-DMA mode). 


R/W—Read/Write. This input defines the data bus transfer as a 
read or write cycle. When high (read), the data transfer is from 
the DDFDC to the data bus. When low (write), the data transfer 
is from the data bus to the DDFDC. 


DTACK—Data Transfer Acknowledge. This signal is the asyn- 
chronous handshake line for information transfer on the 68000 
system bus. It is generated by the DDFDC as an acknowledge 
to the CS signal in an asynchronous transfer. A low output 
indicates that valid data is on the bus (read cycle) or that data 
has been written (write cycle). Except when being asserted, this 
signal is normally in the high impedance state. 


R68465 


The output characteristics of DTACK are the same as other 
system interface signals with allowances far an external pull- 
up resistor such that the output is driven to the high level first 
and then to the high impedance state. 


DIRECT MEMORY ACCESS CONTROLLER 
(DMAC) INTERFACE 


DACK—DMA Acknowledge. The DMA transfer acknowledge 
signal is a TTL compatibie input generated by the DMA controller 
(ОМАС) controlling the DDFDC. The DMA cycle is active when 
DACK is low and the DDFDC is performing a DMA transfer. 


REQ—Data DMA Request. The transfer request signal is а TTL 
compatible output generated by the DDFDC to request a data 
transfer operation under control of the DMAC (in the DMA mode). 
The request is active when REQ = low. The signal is reset 
inactive when DMA Acknowledge (DACK) is asserted (low). 


DONE—DMA Transfer Complete. This input signal is issued to 
the DDFDC when the DMA transfer for a channel is complete. 
The signal is active low concurrent with the DACK input when 
the DMA operation is complete as a result of that transfer. 


FDD SERIAL DATA INTERFACE 


RDD—Read Data. Read Data input from the floppy disk drive 
(FDD) containing clock and data bits. 


RDW—Read Data Window. Data Window input generated by 
the Phase Locked Loop (PLL) and used to sample data from 
the FDD. 


VCO—Varlable Frequency Oscillator Sync. This output signal 
inhibits the VCO in the PLL circuit when low and enables the 
VCO in the PLL circuit when high. This inhibits RDD and RDW 
from being generated until valid data is detected from the FDD. 


WCK-—Write Clock. This input clock determines the Write Data 
rate to the FDD. The data rate is 500 KHz in the FM mode 
(MFM = low) and 1 MHz in the MFM mode (MFM = high). The 
pulse width is 250 ns (typical) in both modes. 


WDA—Write Data. Serial write data output to the РОО contain- 
ing both clock and data bits. 


WE—Wrlte Enable. This output signal enables the Write Data 
into the FDD when high. 


PS0-PS1—Preshift. These outputs are encoded to convey write 
compensation status during the MFM mode ta determine early, 
late or normal times as follows: 


| Preshift Outputs | 
Write Precompensation Status Р50 PS1 
| Normal 0 0 
Late 0 1 
Early 1 0 
Invalid 1 1 
0 = Low, 1 = High 
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FDD STATUS INTERFACE 


RDY—Ready. An active high input signal indicates the РОО is 
ready to send data to, or receive data from, the DDFDC. 


IDX—Index. An active high input signal from the РОО indicates 
the index hole is under the index sensor. Index is used to syn- 
chronize DDFDC timing. 


RW/SEEK —Read Wrlte/Seek. Mode selection signal to the FDD 
which controls the multiplexer from the multiplexed signals. 
When RW/SEEK is low, the Read/Write mode is commanded; 
when RW/SEEK is high, the Seek mode is commanded. 


Active ЕОР Interface Signals | 
WP. FLT, LCT, FR | 
Зеек TS, TRKO, DIR, STP | 


RW/SEEK [ Mode 
Low Read/Write 
High 


WP/TS—Write Protect/Two Side. An active high multiplexed 
input signal from the FDD. In the Read/Write mode, WP/TS high 
indicates the media is write-protected. In tha Seek mode, WP/TS 
high indicates the media is two-sided. 


FLT/TRKO—Fault/Track Zero. An active high multiplexed input 
from the РОО. In the Read/Write mode (RW/SEEK = low), 
FLT/TRKO high indicates an FDD fault. In the Seek mode, 
FLT/TRKO high indicates that the read/write head is positioned 
Over track zero. 


т | 
RESET 1 vec | 
DTACK 2 RW/SEEK 
RW 3 LCT/DIR | 
cs 4 FR/STP 
RS 5 HDL 
DO 6 RDY 
01 7 WP/TS 
D2 8 FLT/TRKO 
D3 9 PSO 
04 10 Psi 
05 11 WDA 
06 Uso 
07 USt 
REQ HDSEL 
DACK MFM 
DONE МЕ 
IDX усо 
а вор 
CLK ROW 
GND WCK 
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LCT/DIR—Low Current/Direction. A multiplexed output to the 
FDD. In the Read/Write mode, LCT/DIR is low when the 
read/write head is to be positioned over the inner tracks and the 
LCT/DIR is high when the head is to be positioned over the outer 
tracks. In the Seek mode, LCT/DIR controls the head direction. 
When LCT/DIR is high, the head steps to the outside of the disk; 
when LCT/DIR is low, the head steps to the inside of the disk. 


FR/STP—Fauit Reset/Step. A multiplexed output to the РОО. 
In the Read/Write mode, FR/STP high resets the fault indicator 
in the FDD. An FR pulse is issued at the beginning of each read 
or write command prior to issuing HDL. іп the Seek mode, 
FR/STP provides the step pulses to move the read/write head 
to another track in the direction indicated by the LCT/DIR signal. 


HDL—Head Load. An active high output to notify the FDD that 
the read/write head should be loaded (placed in contact with 
the media). A low level indicates the head should be unloaded. 


HD-—Head Select. An output to the РОО to select the proper 
read/write head. Head One is selected when HD = high and 
Head Zero is selected when HD = low. 
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USO-US1—Unit Select. Output signals for floppy disk drive 
selection as follows: 


Floppy Disk 
| ms 


0 = Low, 1 = High 


MFM—MFM Mode. Output signal to the РОО to indicate МЕМ 
or FM mode. Selects the MFM mode when МЕМ = high and 
the FM mode when MFM = low. 

VCC—Power. +5V dc. 


GND—Ground (Vss). 


1/0 
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Figure 2. DDFDC Biock Diagram 
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DDFDC REGISTERS 


The ООҒОС contains six registers which may be accessed by 
the processor or DMA controlier via the system (i.e., micro- 
processor) bus: a Main Status Register, a Data Register, and 
four Result Status Registers. The 8-bit Main Status Register 
(MSR) contains the status information of the DDFDC, and may 
be accessed at any time. The 8-bit Data Register, consisting of 
several registers in a stack with only one register presented to 
the data bus at a time, stores data, commands, parameters and 
FOD status information. Bytes of data are read out of, or written 
into, the Data Register in order to initiate a command or to obtain 
the results of a command execution. 


The read-only Main Status Register facilitates the transfer of data 
between the system and the ООРОС. The other Status Registers 
(STO, ST1, ST2 and ST3) are only available during the result 
phase, and may be read only after completing a command. The 
particular command which has been executed determines how 
many of the Status Registers will be read. 


The relationship between the status/data registers and the R/W 
and RS signals is shown below. 


Functlon 


| RS R/W 
0 0 Read Main Status Register 
0 о Неда! 
1 1 Read from Data Register 
1 0 Write into Data Register 
0 = Low, 1 = High 


Table 1 shows each of the status registers used by the ОРЕОС 
and each bit assignment within the individual registers. Table 2 
defines the symbols used throughout the command definitions. 
Each register bit symbol is defined in the register definition that 
follows Table 2. 


REGISTER DEFINITIONS 


Main Status Register (MSR) 


поро ры ar | ва ве) 


The Main Status Register (MSR) contains the status informa- 
tion of the ООҒОС, and must be read by the processor before 
each byte is written to, or read from, the Data Register during 
the command or result phase. MSR reads аге not required dur- 
ing the execution phase. The Data Input/Output (DIO) and 
Request for Master (RQM) bits in the MSR indicate when data 
is ready and in which direction data wiil be transferred оп the 
data bus. The maximum time between the last R/W during 
command or result phases and the DIO and НОМ getting set 
or reset is 12 из. For this reason, every time the MSR is read 
the processor should wait 12 us. The maximum time from the 
end of the last read in the result phase to when bit 4 (DDFDC 
Busy) goes low is also 12 us. 
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The DIO and ROM timing chart is shown in Figure З. 


MSR 
7 НОМ --Нециеві for Master. 
0 Data Register is not ready. 
1 Data Register is ready. 
MSR 
6 DIO —Data Input/Output. 
0 Data transfer is from system to ‘he Data Register. 
1 Data transfer is from Data Register to the system. 
MSR 
5 EXM  —Execution Mode. (Non-DMA mode only). 
0 Execution phase ended, result phase begun. 
1 Execution phase started. 
MSR 


4 —Controller (DDFDC) Busy. 
0 DDFDC is not busy, will accept à command. 
1 DDFDC is busy, will not accept а command. 


MSR 
3 038 --Ғіорру Disk Drive (FDD) 3 Busy. 
0 FDD З is not busy, DDFDC will accept read or write 
command. 
1 FDD 3 is busy, DDFDC will not accept read or write 
command. 
MSR 
2 028 —FDD 2 Busy. 
0 РОО 2 is not busy, DDFDC will accept read or write 
command. 
1 FDD 2 is busy, DDFDC will not accept read or write 
command. 
MSR 
1 018 —FDD 1 Busy. 
0 200 1 is not busy, DDFDC will accept read or write 
command. 
1 FDD 1 is busy, DDFDC will not accept read or write 
command. 
MSR 
0 DOB  —FDD 0 Busy. 
0 FDD 0 is not busy, DDFDC will accept read or write 
command. 
1 FDD 0 is busy, DDFDC will not accept read or write 
command. 


Status Register 0 (STO) 


7 | 6 5 


The Status Register 0 (STO) as well as the other status registers 
(ST1-ST3), are available only during the result phase, and may 
be read only after completing a command. The particular com- 
mand executed determines which status registers are used and 
may be read. 
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Main Status Register (MSR) 


Status Register 0 (STO) 


Status Register 1 (ST1) 
Status Register 2 (ST2) 
Status Register 3 (ST3) 
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Table 1. DDFDC Status Register Bit Assignments 


Bit Number 


Too 
ROM 


Tabie 2. Command Symbol Description 


Description 


Symbol Name 
D Data 


00-07 Data Bus 


The data pattern which is going to be written into a sector. 
8-bit data bus, where DO is the least significant data line and D7 is the most significant data line. 


Lait Data Length When N is defined as 00, DTL is the number of data bytes to read from or write into the sector. 
ЕОТ End of Track The final sector number on a track. During read or write operation, the DDFDC stops data transfer 
after reading from or writing to the sector equal to ЕОТ. 


GPL Gap Length 


The length of Gap 3. During read/write commands this value determines the number of bytes that the 


Gap 3. 


VCO will stay low after two CRC bytes. During the Format a Track command it determines the size of 
Head Address 


Head number 0 ог 1, as specified in ID field. 


Но (Н) | Head 


A selected head number 0 or 1 which controls the polarity of pin 27. (H = HD in all command words). 


The head unload time after a read or write operation has occurred (16 to 240 ms in 16 ms increments). 


Multi-Track 


HLT Head Load Time The head load time in the FDD (2 to 254 ms in 2 ms increments). 
HUT Head Unload Time 
MF FM or MFM Mode 


When MF = 0, FM mode is selected; and when MF = 1, MFM mode is selected. 


When MT = 1, a multi-track operation is to be performed. After finishing a read/write operation on side 
0, the DDFDC will automatically start searching for sector 1 on side 1. 
= 


---- 


М Bytes/Sector 


The number of data bytes written in a sector. 


тыш —— RE ———Ó 
ND Non-DMA Mode When ND = 1, operation is in the Non-DMA mode; when ND = 0, operation is in the ОМА mode. 


NTN 1 New Track Number 


A new track number, which will be reached as a result of the Seek command. Desired head position. 


4 


Either read (R) or write (W) signal 


Four registers which store the status information after a command has been executed. This information 
is available during the result phase after command execution. These registers should not be confused 
with the Main Status Register (selected by RS = low). STO-ST3 may be read only after a command has 


T Track Number The current/selected track number of the medium (0-255). 


During a Scan command, if STP = 01, the data in contiguous sectors is compared byte by byte with data 


PTN Present Track Number | The track number at the completion of Sense Interrupt Status command. Present head position. 
LR Record (Sector) The sector number to be read or written. 
RS Register Select Controls selection of Main Status Register (RS = low) or Data Register (RS = high). 
———ү 
R/W Read/Write 
ST Sectors/Track The number of sectors per track. 
SK Skip Skip Deleted Data Address Mark. 
SRT Step Rate Time The stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate applies to all drives 
(F = 1 ms, E = 2 ms, etc.) 
STO Status 0 
ST1 Status 1 
ST2 Status 2 
ST3 | Status 3 been executed and contain information relevant to that particular command. 
STP Sector Test Process 
sent from the processor (or DMA controller); and И STP = 02, then alternate sectors are read and 
E compared. 


USO,US1 | Unit Select 


А selected drive number (0-3). 
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Ic —Itnterrupt Code. 
Normal Termination (NT). Command was properly exe- 
cuted and completed. 


ошо 


0 1 Abnormal Termination (AT). Command execution was 
started, but was not successfully completed. 

10 Invalid Command (IC). Received cornmand was invalid. 

1 1 Abnormal Termination (AT). The Ready (RDY) signal 
from the FDD changed state during command 
execution. 

STO 

5 SE --беек End. 

0 Seek command is not completed. 

1 Seek command completed by DDFDC. 

STO 

4 EC —Equipment Check. 

0 Мо еггог. 

1 Either а fault signai is received from the РОО or the 
track 0 signal failed to occur after 256 step pulses 
(Recalibrate Command). 

STO 


3 NR —Not Ready. 

0 РОО is ready. 

1 FDD is not ready at issue of read or write command. If 
a read or write command is issued to side 1 of a single- 
sided drive, this bit is also set. 


2 но —Head Address. (At Interrupt). 
0 Head Select 0. 
1 Head Select 1. 


STO 

10 US —Unit Select. (At Interrupt). 
0 0 РОО 0 selected. 

0 1 РОО 1 selected. 

10 РОО 2 selected. 

11 РОО 3 selected. 


Status Register 1 (571) 


7 6 5 4 з | 2 | 1 0 
EN | о БЕ | ов | о | № | NW | МА 
511 
7 ЕМ —End of Track. 


0 No error. 
1 DDFDC attempted to access a sector beyond the last 
sector of a track. 


571 

6 —Not Used. Always Zero. 
571 

5 DE —Data Error. 

0 Мо еггог. 


1 DDFDC detected а CRC error т ID field or the Data field. | 
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571 
4 OR --Оуег Run. 
0 No error. 
1 DDFDC was not serviced by the system during data 
transfers, within a predetermined time interval. 


571 

3 — Мог Used. Always Zero. 

$71 

2 № —No Data. 

0 No error. 

1 3 possible errors. 

1. DDFDC cannot find sector specified in ID Register 
during execution of Read Data, Write Deleted Data 
or Scan commands. 

2. DDFDC cannot read ID field without an error during 
Read ID command. 

3. DDFDC cannot find starting sector during execution 
of Read a Track command. 

571 

1 NW —Not Writable. 

0 No error. 

1 DDFDC detected a write protect signal from РОО dur- 
ing execution of Write Data, Write Deleted Data or 
Format a Track commands. 

ST1 
0 MA —Missing Address Mark. 


0 No error. 
1 2 possible errors. 


1. DDFDC cannot detect the ID Address Mark after 
encountering the index hole twice. 


2. DDFDC cannot detect the Data Address Mark or 
Deleted Data Address Mark. The MD (Missing 
Address Mark in Data field) of Stetus Register 2 is also 
set. 


Status Register 2 (ST2) 
[7 [в 5 |4 | 3 [2 
| о | см | m | мт | зн | SN 


1 0 
BT MD 


572 
7 —Not Used. Always Zero. 
572 
6 CM —Control Mark. 
0 No error. 
1 DDFDC encountered a sector which contained a Deleted 


Data Address Mark during execution of a Read Data, 
Read a Track, or Scan command, or the DDFDC encoun- 
tered a sector which contained a Data Address Mark dur- 
ing execution of a Read Deleted Паја command. 


572 
5 00 —Data Error in Data Fieid. 
0 No error. 
1 DDFDC detected a CRC error in the Data field. 


572 

а WT —Wrong Track. 

0 No error. 

1 Contents of T on the disk is different from that stored 

in IDR. Bit is related to ND (Bit 2) of Status Register 1. 

ST2 

3 SH —5сап Equai Hit. 

0 No “equal” condition during a scan command. 

1 "Equal" condition satisfied during a scan command. 
ST2 

2 SN —Scan Not Satisfied. 

0 No error. 

1 DDFDC cannot find a sector on the track which meets 


the scan command condition. 


1 BT —Bad Track. 

0 No error. 

1 Contents of T on the disk is different from that stored 
in the IDR and T = FF. Bit is related to ND (Bit 2) of 
Status Register 1. 


—Missing Address Mark іп Data Fieid. 
0 No error. 
1 DDFDC cannot find a Data Address Mark or Deleted 
Data Address Mark during a data read from the disk. 
Status Register 3 (ST3) 


7 в | 
| FLT но | US! | USO 


WP | m E TS 
Status Register 3 (ST3) holds the results of the Sense Drive 
Status command. 


ST3 
7 FLT —Fauit. 
0 Fault (FLT) signal from the FDD is low. 
1 Fault (FLT) signal from the FDD is high. 


ST3 
6 WP —Write Protect. 
0 Write Protect (WP) signal from the FDD is low. 


1 Write Protect (WP) signal from the FDD is high. 


ST3 
5 RDY —Ready. 
0 Ready (RDY) signal from the FDD is low. 
1 Ready (RDY) signal from the FDD is high. 
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ST3 
а ТАКО —Тгаск 0. 
0 Track 0 (TRKO) signal from the FDD is Юм. 
1 Track 0 (TRKO) signal is from the FDD is high. 


$73 
3 TS —Two Side. 
0 Two Side (TS) signal from the FDD is low. 
1 Two Side (TS) signal from the FDD is high. 


ST3 

2 HD —Неаа Seiect. 

0 Head Select (HD) signal to the FDD is low. 

1 Head Select (HD) signal to the FDD is high. 
ST3 

1 US1  —Unit Seiect 1. 

0 Unit Select 1 (US1) signal to the FDD is low. 

1 Unit Select 1 (US1) signal to the FDD is high. 
ST3 

0 USO —Unit Seiect 0. 

0 Unit Select 0 (USO) signal to the РОО is low. 

1 Unit Select 0 (061) signal to the FDD is high. 


COMMAND SEQUENCE 


The DDFDC is capable of performing 15 different commands. 
Each command is initiated by a multi-byte transfer of data from 
the system. After command execution, the result of the com- 
mand may be a multi-byte transfer of data back to the system. 
Because of this multi-byte transfer of information between the 
DDFDC and the system, each command consists of three 
phases: 


Command Phase—The DDFDC receives all information 
required to perform a particular operation from the system. 


Execution Phase—The DDFDC performs the instructed 
operation. 


Result Phase—After completion of the operation, status and 
other housekeeping information are made available to the 
system. 


The bytes of data sent to the DDFDC to form a command, and 
read out of the DDFDC in the result phase, must occur in the 
order shown for each command sequence. That is, the command 
Code byte must be sent first followed by the other bytes in the 
specified sequence. All command bytes must be written and all 
result bytes must be read in each phase. After the last byte of 
data in the command phase is received by the DDFDC, the 
execution phase starts. Similarly, when the last byte of data is 
read out in the Result Phase, the command is ended and the 
DDFDC is ready to accept a new command. А command can 
be terminated by asserting the DONE signal to the DDFDC. This 
ensures that the processor can always get the DDFDC’s atten- 
tion even if the command in process hangs up in an abnormal 
manner. 
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COMMAND DESCRIPTION 
READ DATA 


А command set of nine bytes places the DDFDC into the Read 
Data mode. After the Read Data command has been received 
the DDFDC loads the head (if itis unloaded), waits the specified 
Head Settling Time (defined in the Specify command), then 
begins reading ID Address Marks and ID fields from the disk. 
When the current sector number (R) stored in the ID Register 
(IDR) matches the sector number read from the disk, the DDFDC 
transfers data from the disk Data field to the data bus. 


After completion of the read operation from the current sector, 
the DDFDC increments the Sector Number (В) by one, and the 
data from the next sector is read and output to the data bus. 
This continuous read function is called a ''Multi-Sector Read 
Operation." The Read Command terminates after reading the 
last data byte from sector R when А = EOT. STO bits 7 and 
6 are set to 0 and 1, respectively, and ST1 bit 7 (EN) is setto a 1. 


The Read Data command can also be terminated by a low DONE 
signal. DONE should be issued at the same time that the DACK 
for the last byte of data is sent. Upon receipt of TC, the DDFDC 
stops outputting data to the data bus, but continues to read data 
from the current sector, checks CRC (Cyclic Redundancy Count) 
bytes, and then at the end of that sector terminates the Read 
Data command and sets bits 7 and 6 in STO to 0. The amount 
of data which can be handled with a single command to the 
DDFDC depends upon MT (Multi-Track), MF (MFM/FM), and N 
(Number of Bytes/Sector) values. Table 3 shows the transfer 
capacity. 


The multi-track function (MT) allows the DDFDC to read data 
from both sides of the disk. For a particular track, data is trans- 
ferred starting at sector 1, side 0 and completed at sector L, side 
1 (sector L = last sector on the side). This function pertains to 
only one track (the same track) on each side of the disk. 
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When М = 0 in command byte 6 (FM mode), the Data Length 
(DTL) in command byte 9 defines the data length that the DDFDC 
must treat as a sector. If DTL is smaller than the actual data 
"length in a sector, the data beyond the DTL is not sent to the 
data bus. The DDFDC reads (internally) the complete sector, 
performs the CRC check, and depending upon the manner of 
command termination, may perform a multi-sector Read opera- 
tion. When N is non-zero (MFM mode), DTL has no meaning 
and should be set to FF. 


At the completion of the Read Data command, the head is not 
unloaded until the Head Unload Time (HUT) interval defined in 
the Specify command has elapsed. The head settling time may 
be avoided between subsequent reads if the processor issues 
another command before the head unloads. This time savings 
is considerable when disk contents are copied from one drive 
to another. 


If the DDFDC detects the Index Hole twice in succession without 
finding the right sector (indicated in R), then the DDFDC sets 
the No Data (ND) flag in Status Register 1 (ST1) to a 1, sets 
Status Register 0 (STO) bits 7 and 6 to 0 and 1, respectively, 
and terminates the Read Data command. 


After reading the ID and Data fields in each sector, the DDFDC 
checks the CRC bytes. If a read error is detected (incorrect CRC 
in ID field), the DDFDC sets the Data Error (DE) flag in ST1 to 
a 1, sets the Data Error in Data Field (DD) flag in ST2 to a 1 
if a CRC error occurs in the Data field, sets bits 7 and 6 in STO 
to 0 and 1, respectively, and terminates the command. 


If the DDFDC reads a Deleted Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit in the first com- 
mand byte is not set (SK = 0), then the СОРОС reads all the 
data in the sector, sets the Control Mark (CM) flag in ST2 to a 
1, and terminates the command. If SK = |, the DDFDC skips 
the sector with the Deleted Data Address Mark and reads the 
next sector. The CRC bits in the deleted data field are not 
checked when SK = 1. 


Table 3. DDFDC Transfer Capacity 


Multi-Track MFM/FM Bytes/Sector Maximum Transfer Capacity Final Sector Read 

(MT) 4 (MF) (N) (Bytes/Sector) (Number of Sectors) from Disk 
0 0 00 (128) (26) = 3,328 26 at Side 0 
0 1 01 (256) (26) - 6,656 or 26 at Side 1 
1 1 0 Г 00 (128) (52) = 6,656 Тр 3 
1 1 01 (256) (52) = 13,312 појаве 
0 0 01 (256) (15) = 3,840 15 at Side 0 
0 1 | 02 (512) (15) = 7,680 or 15 at Side 1 
1 0 01 (256) (30) = 7,680 3222. 
1 1 02 (512) (30) = 15,360 15 al Bidet 
0 0 02 (512) (8) = 4,096 8 at Side 0 
0 1 03 (1024) (8) = 8,192 о’ 8 at Side 1 
1 0 02 (512) (16) = 8,192 | 
1 1 03 (1024) (16) = 16,384 Bier Side 
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During disk data transfers from the DDFDC to the system, the 
DDFDC must be serviced by the system within 27 ys in the FM 
mode, and within 13 us in the MFM mode, otherwise the DDFDC 
sets the Over Run (OR) flag in ST1 to a 1, sets bits 7 and 6 in 
STO to 0 and 1, respectively, and terminates the command. 


If the processor terminates a read (or write) operation in the 
DDFDC, then the ID information in the result phase is dependent 
upon the state of the MT bit in the first command byte and the 
End of Track (EOT) byte. Table 4 shows the values for Track 
Number (T), Head Number (H), Sector Number (R), and Number 
of Data Bytes/Sector (N), when the processor terminates the 
command. 


Command Phase: 
RW | ВУТЕ | 7 + 


e |s [| «4]з[2 | + [о 

м 1 |мт|ме|зк|ојо| 1 | 1 | о 
x | x | x [x] x | но | uss | uso 
Track Number (T) 
Head Number (H) 
Sector Number (R) 


zd 


Number of Data Bytes per Sector (N) 
7 End of Track (EOT) 

X 8 Gap Length (GPL) 
9 


Data Length (DTL) 


Resuit Phase: 


Status Register 0 (STO) 
2 Status Register 1 (ST1) 
3 Status Register 2 (ST2) 
4 | Track Number (T) 
5 
6 
7 


Head Number (H) 
Sector Number (R) 


Number of Data Bytes per Sector (N) 
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WRITE DATA 


А command set of nine bytes places the DDFDC in the Write 
Data mode. After the Write Data command has been received 
the DDFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the Specify command), then 
begins reading ID fields from the disk. When the four bytes (T, 
H, R, N) loaded during the command match the four bytes of 
the ID field from the disk, the DDFDC transfers data from the 
data bus to the disk Data field. 


After writing data into the current sector, the DDFDC increments 
the sector number (R) by one, and writes into the Data field in 
the next sector. The DDFDC continues this multi-sector write 
operation until the last byte is written to sector R when R = EOT. 
STO bits 7 and 6 are set to 0 and 1, respectively, and ST1 bit 
7 (EN) is set to a 1. 


The command can also be terminated by a low on DONE. if 
DONE is sent to the DDFDC while writing into the current sec- 
tor, then the remainder of the Data field is filled with OO (zeros). 
In this case, STO bits 7 and 6 are set to 0 and the command 
is terminated. 


The DDFDC reads the ID field of each sector and checks the 
CRC bytes. if the DDFDC detects a read error (incorrect CRC) 
in one of the ID fields, it terminates the Write Data command, 
sets the DE flag in ST1 to a 1, and sets bits 7 and 6 in STO to 
0 and 1, respectively. 


The Write Data command operates in much the same manner 
as the Read Data command. Refer to the Read Data command 
for the handling of the following items: 


* Transfer Capacity 

* End of Track (EN) flag 

* No Data (ND) flag 

* Head Unload Time (HUT) interval 

* [D information when the processor terminates command 
(see Table 4) 

* Definition of Data Length (DTL) when М = 0 and when М # 0 


Table 4. DDFDC Command Termination Values 


1. NC (No Change): The same value as the one at the beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit of H is complemented. 


Command Phase ID Result Phase ID 
Multi- Head Final Sector Transferred Track Head Sector No. of 
Track Number to/from Data Bus Number Number Number Data Bytes 
(MT) (HD) m (H) (R) (N) 
E 
0 Less than EOT NC NC А + 1 NC 
|- — —+ 
0 Equal to ЕОТ T+1 NC 01 NC 
0 1 Less than ЕОТ NC NC R+1 NC 
1 | Equal to EOT | Taa NC 01 NC 
0 Less than EOT NC NC В +1 NC 
0 Equal to ЕОТ NC LSB 01 NC 
|. EL 4 
1 1 Less than ЕОТ NC NC R+1 NC 
Г Ser 
1 Equal to EOT Т+1 LSB 01 NC 
Notes: 
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In the Write Data mode, data transfers from the data bus to the 
DDFDC must occur within 27 из in the FM mode, and within 
13 us in the MFM mode. If the time interval between data 
transfers is longer than this, then the DDFDC terminates the 
Write Data command, sets the Over Run (OR) flag in ST1 toa 
1, and sets bits 7 and 6 in STO to 0 and 1, respectively. 


Command Phase: 

rw | ВУТЕ | 7 | 6 | 5 [4 0 
w ~ МЕ 1 
x |x ЈЕ но | im : uso 


EN 


| 


EIE Number (T) 

[ Head Number (H) 

Sector Number (R) 

Number of Data Bytes per Sector (N) 
Еее of Track (ЕОТ) | 

Gap Length (GPL) 

Data Length (DTL) 


о | чом рю 


Result Phase: 
R 


= 


Status Register 0 (STO) 
Status Register 1 (ST1) 
Status Register 2 (ST2) 
Track Number (T) 
Head Number (H) 
Sector Number (R) 


ом ai ol} nm 


Number of Data Bytes per Sector (N) 


WRITE DELETED DATA 


The Write Deleted Data command is the same as the Write Data 
command except a Deleted Data Address Mark is written at the 
beginning of the Data field instead of the normal Data Address 
Mark. 


Command Phase: 
mW | BYTE | 7 а|з[ 2 | 1 [о 
w 1 Гмт МЕ | о ane ЖЕЛЕЗІ 
x | x | x |х]х | но | ust | uso 
Track Number (T) 
Head Number (H) 
Sector Number (R) 


Е Number of Data Bytes per Sector (N) 
End of Track (EOT) 

Gap Length (GPL) 

Data Length (DTL) 


OJo ыо льо |м 
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Result Phase: 
R 1 


Status Register 0 (STO) 

Status Register 1 (ST!) 

Status Register 2 (ST2) 

Track Number (T) ( 

Head Number (H) 

Sector Number (R) 

Number of Data Bytes. per Sector(N) 


——| 


NO] oO) A] oO] ~ 


READ DELETED DATA 


The Read Deleted Data command is the same as the Read Data 
command except that if SK = 0 when the CDFDC detects a Data 
Address Mark at the beginning of a Data field, it reads all the 
data in the sector and sets the CM flag in ST2 to a 1, and then 
terminates the command. If SK = 1, then the DDFDC skips the 
sector with the Data Address Mark and reads the next sector. 


7 |е | ваза 1 | о 
МТ | МЕ xi ol lilolo 
oes x |х|х HD | 051 | USO 
Track Number (T) 
Head Number (H) 

Sector Number (В) 
| Number of Data Bytes per Sector (N) 
End of Track (EOT) | 

Gap Length (GPL) 
| Data Length (DTL) 


Command Phase: 
R/W BYTE 
w 


= 


+ 


шј Уј oni aya о] 


Result Phase: 
R 1 


Status Register 0 (STO) 


Status Register 1 (ST |) 

Status Register 2 (ST2) 

Track Number (Т) 

JL Най Number (H) 

| Sector Number (R) 

Number of Data Bytes per Sector (N) 


чо ая рь о 


READ A TRACK 


The Read a Track command is similar to the Read Data com- 
mand except that this is a continuous read operation where all 
Data fields from each of the sectors on a track are read and 
transferred to the data bus. Immediately atter encountering the 
Index Hole, the DDFDC starts reading the Data fields as con- 
tinuous blocks of data. This command terminates when the 
number of sectors read is equal to ECT. Multi-track operations 
are not allowed with this command. 
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If the DDFDC finds ап error іп the ID or Data CRC check bytes, 
it continues to read data from the track. The DDFDC compares 
the ID information read from each sector with the value stored 
in the IDR, and sets the ND flag in ST1 to a 1 if there is no match. 


К the DDFDC does not find an ID Address Mark on the disk after 
it encounters the Index Hole for the second time it terminates 
the command, sets the Missing Address Mark (MA) flag in ST1 
to a 1, and sets bits 7 and 6 of STO to 0 and 1, respectively. 


Command Phase: 


RW | BYTE 4 |3 a 
w == 13 olo a 
2 |x Те x | x |х|х| Ho | г | uso 
|_ 
3 Track Number (T) 


Head Number (H) 
Sector Number (R) 

— 
Number of Data Bytes per Sector (N) 
End of Track (EOT) 

Gap Length (GPL) 
| 
Data Length (DTL) 


OL оү Уч| al ni aA 


Result Phase: 
R 1 


Status Register 0 (STO) 
4- 

Status Register 1 (ST1) 
Status Register 2 (ST2) 
Track Number (T) 
| Head Number (Н) 


Sector Number (R) 
| Number of Data Bytes per Sector (N) 


о орь о) 


READ ID 


The two-byte Read ID command returns the present position of 
the read/write head. The DDFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to 0 and ter- 
minates the command. 


If no proper ID Address Mark is found on the disk before the 
Index Hole is encountered for the second time then the Missing 
Address Mark (MA) flag in ST1 is set to a 1, and if no data is 
found then the ND flag to a 1 is also set in ST1. Bits 7 and 6 
in STO are set to 0 and 1, respectively and the command is 
terminated. 


During this command there is no data transfer between DDFDC 
and the data bus except during the result phase. 
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Command | Phase: 


ТЕ | 7 
[_ R/W [ву 
М 1 
| 2 
Result Phase: 
A 
R 1 Status Register 0 (STO) 
Ts E 
2 Status Register 1 (ST1) 
3 T Status Register 2 (ST2) 
4 Track Number (T) 
к 
5 Head Number (Н) 
“wer 
| 6 Sector Number (А) 
7 Number of Data Bytes per Sector (N) 1 


FORMAT А TRACK 


The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded in 
either the double-density IBM System 34 format (MF = 1) or 
the single-density IBM 3740 format (MF = 0). The particular for- 
mat written is also controlled by the values of Number of 
Bytes/Sector (N), Sectors/Track (ST), Gap Length (GPL) and 
Data Pattern (D) which are supplied by the processor during the 
command phase. The Data field is filled with the data pattern 
stored in D. 


The ID field for each sector is supplied by the processor in 
response to four data requests per sector issued by the DDFDC. 
The type of data request depends upon the Non-DMA flag (ND) 
in the Specify command. In the ОМА mode (ND = 0), the 
DDFDC asserts the DMA Request (DRQ) output four times per 
sector. In the Non-DMA mode (ND = 1), the DDFDC asserts 
Interrupt Request (IRQ) output four times per sector. 


The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number 
(T), Head Number (Н), Sector Number (А) and Number of Bytes/ 
Sector (N). This allows the disk to be formatted with non- 
sequential sector numbers, if desired. 


The processor must send new values for T, H, R, and N to the 
DDFDC for each sector on the track. For sequential formatting 
R is incremented by one after each sector is formatted, thus, 
R contains the total numbers of sectors formatted when it is read 
during the result phase. This incrementing and formatting con- 
tinues for the whole track until the DDFDC, upon encountering 
the Index Hole for the second time, terminates the command 
and sets bits 7 and 6 in STO to O. 


If the Fault (FLT) signal is high from the РОО at the end of a 
write operation, the DDFDC sets the Equipment Check (EC) flag 
in STO toa 1, sets bits 7 and 6 of STO to 0 and 1, respectively, 
and terminates the command. Also, a low (RDY) signal at the 
beginning of a command execution phase causes bits 7 and 6 
of STO to be set to 0 and 1, respectively. 


Table 5 shows the relationship between N, ST, and GPL for 
various disk and sector sizes. 
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Table 5. Standard Floppy Disk Sector Size Relationship 


Gap Length (GPL)? 


Result Phase: 


Г В 1 


Status Register 0 (STO) 


Status Register 1 (571) 


4 


| Status Register 2 (572) 


Track Number (T)* 


| Head Number (H)* 


Фіто |м 


Sector Number (В)* 
4 


7 


Number of Data Bytes per Sector (N)* 


* The ID information has no meaning in this command. 


No. of Data No. of А 
Disk Sector Size Bytes/Sector Sectors/Tracks Read/Write Format 
Size Mode Bytes/Sector (N) (ST) Command! ^ommand? Remarks 
| ] 128 | 00 | 1A 07 1B IBM Disk 1 
256 01 OF 0E 2A IBM Disk 2 
FM 512 02 08 1B 3A 
1024 03 04 47 BA 
2048 04 02 Св FF- 
4096 05 01 св ЕЕ 
T + t T — ---р - 
8” 256 01 1А 0E 36 IBM Disk 2D 
512 02 OF 1B 54 
МЕМЗ 1024 03 08 35 74 IBM Disk 2D 
М 2048 04 04 99 ЕЕ 
кімі 4096 05 02 СВ ЕЕ 
| 8192 06 01 C8 FF 
128 00 T 12 07 | 09 
128 00 10 10 19 
ЕМ 256 01 08 18 30 
512 02 04 46 87 
1024 03 02 св FF 
2048 04 01 св ЕЕ 
5%" 256 01 12 ОА ос 
256 01 10 20 32 
512 02 08 2А 50 
3 
МЕМ 1024 03 04 80 FO 
2048 04 02 CB FF 
4096 05 01 св ЕЕ 
Notes: 
1. Suggested values of GPL т Read or Write commands to avoid overlapping between Data field and ID field of contiguous sections. 
2. Suggested values of GPL in Format a Track command. 
3. м MFM mode the DDFDC cannot perform a read/write/format operation with 128 bytes/sector (М = 00). 
| 4. Values of ST and GPL are in hexadecimal. 
Command Phase: SCAN COMMANDS 
R/W BYTE | 7 | 6 | 5 [ 4 |3 | 2 1 | 0 The scan commands compare data read from the disk to data 
уу 1 о |МЕ| 0 | 911 : 1 011 supplied from the data bus. The DDFDC compares the data, and 
T - looks for a sector of data which meets. the conditions of 
2 X X ххх | НО | USI Г ово ~ 
1 | | Depo = Deus: Depp = Deus: or Depp = Овув (D = the data 
3 Number of Bytes per Sector (N) pattern in hexadecimal). A magnitude comparison is performed 
Г 4 Sectors per Track (ST) (FF = largest number, 00 = smallest number). The hex- 
h GP adecimal byte of FF either from the bus or from FDD can be 
5 | Gap Length (GPL) used as a mask byte because it always meets the condition of 
6 Data Pattern (D) the compare. After a whole sector of data is compared, if the 


conditions are not met, the sector number is incremented 
(R + STP — R), and the scan operation is continued. The scan 
operation continues until one of the followir g events occur: the 
conditions for scan are met (equal, iow or equal, or high or equal), 
the last sector on the track is reached (EOT), or DONE is 
received. 


‚ И conditions for scan are met, the DDFDC sets the Scan Hit (SH) 
` Пад in ST2 to a 1, and terminates the command. If the condi- 
tions for scan are not met between the starting sector (as 
specified by R) and the last sector on the track (EOT), then the 
DDFDC sets the Scan Not Satisfied (SN) flag in ST2 to a 1, and 
terminates the command. The receipt of DONE from the proces- 
sor or DMA controller during the scan operation will cause the 
DDFDC to complete the comparison of the particular byte which 
is in process, and then to terminate the command. Table 6 shows 
the status of bits SH and SN under various conditions of scan. 
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Table 6. Scan Status Codes 


Double-Density Floppy Disk Controller (DDFDC) 


If SK = 0 and the DDFDC encounters a Deleted Data Address 
Mark on one of the sectors, it regards that sector as the last sec- 
tor of the track, sets the Control Mark (CM) bit in ST2 to a 1 and 
terminates the command. If SK = 1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark, sets the CM flag to a 
1 м order to show that a Deleted Sector has been encountered, 
and reads the next sector. 


When either the STP sectors are read (contiguous sectors = 01, 
or alternate sectors = 02) or MT (Multi-Track) is set, the last 
sector on the track must be read. For example, if STP = 02, 
MT = 0, the sectors are numbered sequentially 1 through 26, 
and the scan command starts reading at sector 21. Sectors 21, 
23, and 25 are read, then the next sector (26) is skipped and 
the Index Hole is encountered before the EOT value of 26 can 
be read. This results in an abnormal termination of the command. 
If the EOT had been set at 25 or the scanning started at sector 
20, then the scan command would be completed in a normal 
manner. 


During a scan command data is supplied from the data bus for 
comparison against the data read from the disk. Іп order to avoid 
having the Over Run (OR) flag set in ST1, data must be available 
from the data bus in less than 27 us (FM mode) or 13 25 (MFM 
mode). If an OR occurs, the DDFDC terminates the command 
and sets bits 7 and 6 of STO to 0 and 1, respectively. 


The following tables specify the command bytes and describe 
the result bytes for the three scan commands. 


SCAN EQUAL 


Command Phase: 
R/W BYTE 
м 


Тгаск Митрег (Т) 
Head Number (H) 
Sector Number (R) 


- 


Number of Data Bytes per Sector (N) 
End of Track (EOT) 

Gap Length (GPL) 

Sector Test Process (STP) 


ооч! о!та ь = 


Result Phase: 


== 
Status Register 2 
Command Bit 2 = SN Bit 3 = SH Comments | 
0 1 Droo = Deus 
Scan Equal 
ч 1 0 Drop = Deus 
0 1 Depp = Deus 
Scan Low or Equal 0 0 Drop < Deus 
1 0 Drop > Deus 
0 1 Depp = Deus 
Scan High or Equal 0 0 Оерр > Deus 
1 0 Drop < Deus 


Status Register 0 (STO) 


R 1 
2 


Status Register 1 (ST1) 


BUR 


Status Register 2 (ST2) 


Track Number (T) 


Head Number (H) 


Sector Number (R) 


ER 


3 
4 
5 
6 
7 


1 


Number of Data Bytes per Sector (М) 


SCAN LOW OR EQUAL 


Command Phase: 


R/W 


w 


M re НЕ 


0 1 


= 


Lx | х|х| но | usi | US 


0 


xl Number EAE 


Head Number (H) 


Sector Number (R) 


Number of Data Bytes per Sector (М) 
End ог Track (EOT) 


Gap Length (GPL) 


2 
3 
4 
5 
6 
7 
8 
9 


potum 


Sector Test Process (STP) 


Result Phase: 


R 1 


Status Register 0 (STO) 


Status Register 1 (ST 1) 


Status Register 2 (ST2) 


Track Number (T) 


Head Number (H) 


Sector Number (R) 


чом рю 


Number of Data Bytes per Sector (М) 
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SCAN HIGH OR EQUAL 


Command Phase: 


F Rw [pyre] 7 | 6 | 5 [4 3] 2 ШЕ: 
м [мт м | као |1 
2 ххх E x | HD | ust m 
3 Track Number (T) 
Г 4 Head Number (Н) 
5 Sector Number (R) 1 
6 Number of Data Bytes per Sector (М) 
7 End of Track (EOT) 
Г 8 | Gap Length (GPL) 
9 Sector Test Process (STP) | 


Result Phase: 
R 1 


Status Register 0 (STO) 
Status Register 1 (ST!) 
| Status Register 2 (572) 
Track Number (Т) 
| Head Number (H) 
Sector Number (R) 


ом 


Number of Data Bytes per Sector (М) 


SEEK 


The three-byte Seek command steps the FDD read/write head 
from track to track. The DDFDC has two independent Present 
Track Registers for each drive. They are cleared only by the 
Recalibrate command. The DDFDC compares the Present Track 
Number (PTN) which is the current head position with the New 
Track Number (NTN), and if there is a difference, performs the 
following operation: 


Е РТМ < NTN: Sets the direction output (LCT/DIR) high 
and issues step pulses (FR/STP) to the 
РОО to cause the read/write head to step 
in. 

If РТМ > NTN: Sets the direction output (LCT/DIR) low 
and issues step pulses to the FDD to 
cause the read/write head to step out. 


The rate at which step pulses are issued is controlled by the 
Step Rate Time (SRT) in the Specify command. After each step 
pulse is issued, NTN is compared against PTN. When 
NTN - PTN, then the Seek End (SE) flag in STO is set to a 1, 
bits 7 and 6 in STO are set to 0, and the command is terminated. 
At this point DDFDC asserts IRQ. 


The FDD Busy flag (bit 0-3) in the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set 
to a 1. 


After command termination, all FDD Busy bits set are cleared 
by the Sense interrupt Status command. 


Double-Density Floppy Disk Controller (DDFDC) 


During the command phase of the Seek operation the DDFDC 
sets the Controller Busy (CB) flag in the MSR to 1; but during 
the execution phase the СВ flag is set 12 0 to indicate DDFDC 
non-busy. While the DDFDC is in the non-busy state, another 
Seek command may be issued, and in this manner parallel seek 
operations may be performed on all dr ves at once. 


No command other than Seek will be accepted while the DDFDC 
is sending step pulses to any FDD. If a different command type 
is attempted, the DDFDC will set bits 7 and 6 іп STO to a 1 and 
0, respectively, to indicate an invalid command. 


if the FDD is in a not ready state at the beginning of the com- 
mand execution phase or during the seek operation, then the 
DDFDC sets the Not Ready (NR) flag in STO to a 1, sets STO 
bits 7 and 6 to 0 and 1, respectively, and terminates the 
command. 


if the time to write the three bytes of trie Seek command ex- 
ceeds 150 ys, the time between the first two step pulses may 
be shorter than the Step Rate Time (SRT) defined by the Specify 
command by as much as 1 rns. 


Command Phase: 

nw |eve|z|e|s]|as|a| 1 | o 
w |1 Oo Ро јој pai) з 
2 {хх | х [хіх [о |us | uso 


3 New Track Number (NTN) 


Result Phase: None. 


RECALIBRATE 


This two-byte command retracts the РОО read/write head to the 
Track 0 position. The DDFDC clears the contents of the PTN 
counters, and checks the status of the Track 0 signal from the 
FDD. As long as the Track 0 signal (ТАКО) is low, the direction 
signal (LCT/DIR) output remains low and step pulses are issued 
on FR/STP. When TRKO goes high the DDFDC sets the Seek 
End (SE) flag in STO to a 1 and terminates the command. if the 
ТАКО is still low after 256 step pulses t ave been issued, the 
DDFDC sets Seek End (SE) and Equipment Check (EC) flags 
in STO to 1s, sets bits 7 and 6 of STO to 0 and 1, respectively, 
and terminates the command. 


The ability to do overlap Recalibrate comrr ands to тире FDDs 
and the loss of the RDY signal, as described in the Seek com- 
mand, also applies to the Recalibrate command. 


Command Phase: 


rw |вуте | 7 | е [5 |4|3 2 | 1 [о 

м 1 о [о (о |ојо| 1 | 1] : 
| i 

2 {х |x [х x | o | US! | uso 


Result Phase: None. 
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SENSE INTERRUPT STATUS 


Interrupt request (IRQ) is asserted by the DDFDC when any of 
the following conditions occur: 


1. Upon entering the result phase of: 
а. Read Data command 
b. Read a Track command 
с. Read 10 command 
d. Read Deleted Data command 
e. Write Data command 
f. Format a Track command 
g. Write Deleted Data command 
h. Scan commands 
2. Ready (RDY) line from the FDD changes state 
3. Seek or Recalibrate command termination 
4. During execution phase in the Non-DMA mode 


IRQ caused by reasons 1 and 4 above occur during normal 
command operations and are easily discernible by the processor. 
During an execution phase in Non-DMA mode, bit 5 in the MSR 
is set to 1. Upon entering result phase this bit is set to O. 
Reasons 1 and 4 do not require the Sense Interrupt Status com- 
mand. The interrupt is cleared by reading or writing data to 
DDFDC. Interrupts caused by reasons 2 and 3 are identified with 
the aid of the Sense Interrupt Status command. This command 
resets IRQ and sets/resets bits 5, 6, and 7 of STO to identify the 
cause of the interrupt. Table 7 defines the seek and interrupt 
codes. 


Neither the Seek or Recalibrate command has a result phase. 
Therefore, it is mandatory to use the Sense Interrupt Status com- 
mand after these commands to effectively terminate them and 
to verify where the head is positioned by checking the Present 
Track Number (PTN). 


Issuing a Sense Interrupt Status command without an interrupt 
pending is treated as an invalid command. 


Command Phase: 
RW | ВУТЕ | 7 Е Е а [3 [ 2 E 
T - а - 1 
"m т |o]ofolfolilol o 
— | 


Result Phase: 
= 

R 1 Status Register 0 (STO) 

2 Present Track Number (РТМ) 


o | 
0 


— 
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SPECIFY 


The three-byte Specify command sets the initial values for each 
of the three internal timers. The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the 
read/write commands to the head unload state. This timer is 
programmable from 16 to 240 ms in increments of 16 ms 
(1 = 16 ms, 2 = 32 ms,...F = 240 ms). 


The Step Rate Time (SRT) defines the time interval between 
adjacent step pulses. This timer is programmable from 1 to 
16 ms in increments of 1 ms (F = 1ms,E = 2 ms, D = 3ms,... 
0 = 16 ms). 


The Head Load Time (HLT) defines the time between the Head 
Load (HDL) signal going high and the start of the read/write 
operation. This timer is programmable from 2 to 254 ms in 
increments of 2 ms (01 = 2 ms, 02 = 4ms, 03 = 6 ms,... 
7F = 254 ms). 


The time intervals are a direct function of the clock (CLK on 
pin 19). Times indicated above are for an 8 MHz clock. If the 
clock is reduced to 4 MHz (mini-floppy application) then all time 
intervals are increased by a factor of two. 


The choice of DMA or Non-DMA operation is made by the Non- 
DMA mode (ND) bit. When this bit = 1 the Non-DMA mode is 
selected, and when ND = 0 the DMA mode is selected. 


Command Phase: 
RW | BYTE] 7 | 6 | 5 [4731 2 | 1 о 
w 1 о | о - ојојо | 1 1 
2 SRT | нит 
H = 


3 HLT 


SRT — Step Rate Time 
HUT — Head Unload Time 
HLT — Head Load Time 
ND — Моп-ОМА mode 


Result Phase: None. 


SENSE DRIVE STATUS 


This two-byte command obtains and reports the status of the 
FDDs. Status Register 3 (ST3) is returned in the result phase 
and contains the drive status. 


Tabie 7. STO Seek and interrupt Code Definition for Sense Interrupt Status 


Status Register 0 (STO) Bits 


interrupt Code (1С) ] Seek End (SE) Е 

7 6 5 Саизе 

1 1 0 ІШ RDY line changed state, either polarity 

о о 1 Normal termination of Seek ог Recalibrate command 


0 1 a 1 


Abnormal termination of Seek or Recalibrate command 
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Command Phase: 


» 

R/W BYTE 
уу 1 
2 


Result Phase: 


R 1 


Status Register 3 (ST3) 


INVALID COMMAND 


If an invalid command (i.e., a command not previously defined) 
is received by the DDFDC, then the DDFDC terminates the com- 
mand after setting bits 7 and 6 of STO to 1 and 0, respectively. 
The DDFDC does not generate an interrupt curing this condi- 
tion. Bits 6 and 7 (DIO and RQM) in the MSR are both set to 
а 1 indicating to the processor that the DDFDC is in the result 
phase and that STO must be read. A hex 80 in STO indicates 
an invalid command was received. 


A Sense Interrupt Status command must be sent after a Seek 
or Recalibrate interrupt, otherwise the DDFDC considers the next 
command to be an invalid command. 


In some applications the user may wish to use this command 
as a No-Op commana, to place the DDFDC in a standby or no 
operation state. 


Command Phase: 


Double-Density Floppy Disk С zontroller (DDFDC) 


Bytes must be read to successfully complete the Read Data com- 
mand. The DDFDC will not accept а new command until all 
Seven bytes have been read. Other commands may require 
fewer bytes to be read during the result phase. 


INTERRUPT REQUEST MODE 


During the execution phase, the MSR need not be read. The 
receipt of each data byte from the FDD is indicated by IRQ low 
on pin 18. When the DDFDC is in Non-DMA mode, IRQ is 
asserted during the execution phase. When the DDFDC is in 
the ОМА mode, IRQ is asserted at the result phase. The IRQ 
signal is reset by a read (R/W high) or write (R/W lo low) of data 
to the DDFDC. A further explanation of the IRQ signal is 
described in the Sense Interrupt Status command on page 16. 
If the system cannot handle interrupts fast enough (within 13 us 
for MFM mode or 27 us for FM mode), it should poll bit 7 (КОМ) 
in the MSR. In this case, НОМ inthe MSR functions as an Inter- 
rupt Request (IRQ). If the RQM bit is not set, the Over Run (OR) 
flag in ST1 will be set to a 1 and bits 7 and 6 of STO will be set 
to a 0 and 1, respectively. 


DMA MODE 


When the DDFDC is in the DMA mode (ND =: O in the third com- 
mand byte of the Specify command), DRQ (DMA Request) is 
asserted during the execution phase (rather than IRQ) to request 
the transfer of a data byte between the data bus and the DDFDC. 


During a read command, the DDFDC asserts REQ as each byte 
of data is available to be read. The DMA controller responds 
to this request with both DACK low (DMA Acknowledge) and R/W 
high (read). When DACK goes low the DMA Request is reset 


з[2 [1 [о 


т [е [5 [а 


Invalid Codes 


R/W BYTE | 
уу 1 


Result Phase: 


[я т: 


Status Register 0 (570) = 80 


PROCESSOR INTERFACE 


During the command or result phases, the Main Status Register 
(MSR) must be read by the processor before each byte of infor- 
mation is transferred to, or from, the DDFDC Data Register. After 
each byte of data is written to, or read from, the Data Register, 
the processor should wait 12 us before reading the MSR. Bits 
6 and 7 in the MSR must Бе а 0 and 1, respectively, before each 
command byte can be written to the DDFDC. During the result 
phase, bits 6 and 7 of the MSR must both be 1s prior to reading 
each byte from the Data Register onto the data bus. Note that 
this status reading of bits 6 and 7 of the MSR before each byte 
transfer to and from the DDFDC is required in only the command 
and result phases and not during the execution phase. 


During the result phase all bytes shown in the result phase must 
be read by the processor. The Read Data command, for 
example, has seven bytes of data in the result phase. All seven 
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(REQ high). After the execution phase has been completed 
DONE iow or the EOT sector is read), IRQ is asserted to indicate 
the beginning of the result phase. When tha first byte of data 


is read during the result phase, IRQ is reset high. 


During a write command, the DDFDC asserts REQ as each byte 
of data is required. The DMA controller responds to this request 
with DACK low (DMA Acknowledge) and R/W low (write). When 
БАСК goes low the ОМА Request is reset et (REQ high). After the 
execution phase has been completed (DONE low or the EOT 
sector is written), IRQ is asserted. This signas the beginning of 
the result phase. When the first byte of data is read during the 
result phase, the IRQ is reset high. 


FDD POLLING 


After the Specity command has been received by the DDFDC, 
the Unit Select lines (USO and 051) begin “һе polling mode. 
Between commands (and between step pulses in the Seek Com- 
mand) the DDFDC polls all the FDD's looking for a change in 
the RDY line from any of the drives. If the FIDY line changes 
state (usually due to the door opening or Лоза) then the 
DDFDC asserts IRQ. When Status Register 0 (STO) is read (after 
Sense Interrupt Status command is issued), Not Ready (МА. = 1) 
will be indicated. The polling of the RDY line by the DDFDC 
occurs continuously between commands, thus notifying the proc- 
essor which drives are on- or off-line. Each drive is polled every 
1.024 ms except during read/write commancis. 
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DATA IN/OUT FROM DDFDC TO DATA BUS 


(DIO) 
(MSR BIT 6) FROM DATA BUS TO DDFDC | 


REQUEST | |} 
FOR MASTER = „55“ | || 
(ВОМ) | | | 


NOT | 


(MSR BIT 7) | quar] ІТ | 
1 H b Џ 
CHIP SELECT (CS) 


| | | Ц | | L| Li | | 
READ/WRITE (R/W) i | Гг | || | | | 
| | | 


| 
[А |B] А Jeja] С ]р [с [08] А | 


NOTES 
[4] DATA REGISTER READY TO BE WRITTEN INTO [е] DATA REGISTER READY FOR NEXT DATA BYTE ТО BE READ 
[8] DATA REGISTER NOT READY TO BE WRITTEN INTO [0] DATA REGISTER МОТ READY FOR NEXT DATA BYTE ТО BE READ 


Figure 3. DDFDC and System Data Transfer Timing 
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R68465 


Double-Density Floppy Disk Controller (DDFDC) 


CLK 


Figure 5. Ciock Timing 


RS 


DTACK 


DATA OUT 
(00-07) 


а 


Figure 7. ООРОС Write Cycie Timing 
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А68465 Double-Density Floppy Disk Controller (DDFDC) 


БАСК J 


жє -- Е ае 
РОМЕ 


Figure 8. ОМА Operation Timing 


WRITE CLOCK 


(WCK) G3) 


WRITE ENABLE 
(WE) 


PRESHIFT 0 OR 1 
(PSO, PS1) 


WRITE DATA 
(WDA) 


Figure 9. FDD Write Operation Timing 


READ DATA 
(RDD) 


READ DATA WINDOW 
(RDW) 


NOTE: 
EITHER POLARITY DATA WINDOW IS VALID 


Figure 10. FDD Read Operation Timing 
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Double-Density Floppy Disk Controller (DDFDC) 


USO, US1 


__ SEEK 
(RW/SEEK) 


DIRECTION 
(LCT/DIR) 


STEP 
(FR/STP) 


STABLE ) 


Figure 11. Seek Operation Timing 
Г 
INDEX 
FAULT RESET (Dx) 
(FR) 
Figure 12. Fault Reset Timing Figure 13. Index Timing 
DONE RESET 
(RST) 
Figure 14. Terminal Count Timing Figure 15. Reset Timing 
INPUT/OUT TEST-ROINE clock TEST POINT 
< A 
2.0V ^/ 2.0V 2.4V7/ 2.4У 


0.8V 9058У 


INPUTS ARE DRIVEN АТ 2.4V FOR A LOGIC “4” AND 0.45 У FOR 
A LOGIC “0: TIMING MEASUREMENTS ARE MADE АТ 2.0V FOR 
A LOGIC “1” AND 0.8V FOR A LOGIC "0? 


0.65V 0.65У 


CLOCKS ARE DRIVEN АТ 3.0V FOR A LOGIC “1” АМО 0.3V FOR A 
LOGIC “0? TIMING MEASUREMENTS ARE MADE АТ 2.4\ FOR A 
LOGIC “1” AND 0.65V FOR A LOGIC "07 


Figure 16. AC Timing Measurement Conditions 


1-79 
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AC CHARACTERISTICS 
(Мос = 5.0 Мас +5%, Veg = 0 Мас, Та = 0°C to 70°C) 


Double-Density Floppy Disk Controller (ООРОС) 


| Ret. ] | Тез! 
Fig. | Мо. Characteristic | _| Symbol Alt. Sym. Min. | Тур. В Мах. А Unit Conditions 
[ 1 | Clock Period | tov doy 120 | 125 | 50 гв OLK- ау, 
2 | Clock High, Low Width КА ii фо 40 62.5 = ns 
Э з | Clock Резе Тіте асн $r L Et | — | 20 ns Т 1 
| 4 Clock Fall Time | она. Ф Е — |__20 | ns | 
5 | CS High to R/W High ЕТТЕН ШЕР: | 40 f А =| 8 
6 | Address Valid to CS Low | уз. tha OF ists s — zans 
[7 | cs High to Address Invalid 4 [S АН 0 == Г — jns 
NE CS High _| бн | tsu | 150 = Eo 08 
and [9 | DIACK Low to Data Valid ру tao Se, р у | 90 | 7$ | C, = 100 pF 
2 [10] CS High to Output High Z 1, huic] te | 20 = | - ER 
| 11 | CS High to DTACK High 'supa tork ыы - 2290 | ns 
12 | Address Valid to R/W Low | tavAL tws 20 1 = ег hs 
18 | RAW Low to CS Low tais | tw | e = = | ns 
14 | C8 Low Pulse Width ЕТЕ tst | 250 | = ie = | Пё 
15 | Data Valid to CS High | Юн ШЕТІ 50 | - |5 ЕЕ T ns 
| 16 | CS High to Data invalid {ено tow | 5 mee ces Cro =) Gis: 
| 17 [ RG Delay from CS High | tugh tma | — |_- | 599 | 
в |18 | ТХВО Cycle Period | tracy troy 13 p pe um „5 | CLK = 8 MHz 
| 19 | АСК Low to TXRQ Low | tam | мк | — LL nre есу | 
20 | DONE Low Width tnin | — toone 1 = Е E 
| 21 | WCK Cycle Time | trey toy T note 1 E а 208 
22 | WCK High Width teu to 80 250 350 ns 
| 23 | WCK Rise Time | їкікн | tr | = | = | [№ 
9 | 24 | WCK Fall Time | | кик | t м m 
25 | WCK High to PSO, PS1 Valid (Delay) ҚЫРУ tp | 2 EA 100 | ns 
26 | PSO, PS1 valid to WDA High (Delay) | уон top 20 = __100 [ns 
27 | WDA High Width tono | бурр ен -50 — | LIES „18 
28 | WE High to WCK High ог WE Low to WCK Low | ЕНКН twe 4 20 — | 100 | ns 
30 | RDW Cycle Time twoy Мусу — note 2 oo із 
T 31 ROW Valid to RDD High (Setup) | wv RH. уво 1 15 Га. БЕ | 
32 | RDD Low to RDW Invalid (Hold) бум tapw 15 - - ns 
| 33 | ROD High Width - inan {арр Зое ee гв 
35 | USO, USt Valid to SEEK High (Setup) 1 Шуан | tus mm dem Las 
36 | SEEK Low to USO, 51 Invalid (Hold) tsLu tsu 15 — Aur из 
37 | SEEK High to DIR Valid (Setup) | (ноу | р ШЕ е = [ив | 
11 |38 | DIR Invalid to SEEK Low (Hold) los. | tos 30 = | Eu J$ фак = 8 MHz 
| 39 | DIR Valid to STP High (Setup) T tom | авт 1 - oom pas 
40 | STP tow to DIR Invalid (Hold) | ных | tm č a — |- в 
41 | STP Low to USO, US1 Invalid (Hold) [trux | tery 5 | = fs ти 
42 | STP High Width tram | tsp f 6 7 NL 8 
43 | STP Cycle Time | пех tsc 333 = __| notes | № 
12 | 44 | FR High Width TEHEL ter | 8 2% ~ 10. i-us 
13 | 45 | IDX High Width [n Уни. | tox jas E. 21 аб | 
14 | 46 | DONE Low Width | нта пс 1 ee ЕВ ley 
15 | 47 | RESET Low Width (2721 нз | 41 — EC us 
Notes: | 2. Рог MEM = 0: Typ. = 2 us 
1; МЕМ Mini | Standard For МЕМ = 1: Тур. = 1 ps 
0 4 из 2 us 3. tsc = 33 as min. is for different drive units. In the case of the same unit, 
| іс сап be ranged тот 1 ms to 16 ms with 8 MHz clock period, and 
1 245 | 146 2 ms to 32 ms with 4 MHz clock, under software control. 
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868465 Double-Density Floppy Disk Controller (DDFDC) 
ABSOLUTE MAXIMUM RATINGS * 


ІШЕ Parameter | Symbol 


Supply Voitage | Veo 


*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
-0.3 to +7.0 at these or any other conditions above those indicated in other 


sections of this document is not implied. Exposure to absolute 
-0.3to +7.0 | V 
0 to +70 ce device reliability. 


Value | 
-0.3 to +7.0 


input Voltage 


Output Voltage maximum rating conditions for extended periods may affect 


Operating Temperature Range 


Storage Temperature Range Tsra -5510 +150 | C? 
5 


OPERATING CONDITIONS 


Parameter | Вапде 
Vcc Power Supply 5.0V +5% 
= Operating Temperature 0°C to 70°C | 


DC CHARACTERISTICS 
(Мсс = 5.0 Мас +5%, Мас = 0 Мас, Ta = 0°С to 70°C, unless otherwise noted) 


Parameter Symbol Min 1 Мах Unit Test Conditions 
Input Low Voltage Vic | || V 
Logic -05 08 
CLK апа МСК -05 0.65 
: xe ul oc 
Input High Voltage Vin У 
Logic 20 Мос + 05 
CLK and WCK 24 Усс + 05 
L ik ре мамы | |__ 
Output Low Voltage Мо. 0.45 V Мес = 4.75V, lo, = 20 mA 
= ES 
Output High Voltage Vos 24 Voc у ІШ = 475М Ion = -200 pA 
Vcc Supply Current lec m 150 mA Veco = 4.75V 
Input Load Current ЛЕ 10 pA Vin = Мес 
All Inputs | -10 pA Vin = OV 
High Level Output Leakage Current lon 10 | А | Veg = ФМ (0 5,250 Ме = ФУ | 
Vout = Усс 
|— r 
Low Level Output Leakage Current lot | -10 pA Veco = OV to 5.25У, Vss = OV 
Vour = *045V 
| 4. — — Г 4 
Internat Power Dissipation Pint — 10 уу ТА = 25°С 
CAPACITANCE 
(Ta = 25°C; f, = 1 MHz; Мос = OV) 
Parameter Symbol Max Limit Unit | 
Clock input Cino 20 pF 
Input Cin 10 pF 
Output Cour 20 pF 
Note: All pins except pin under test tied to ground. 
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R68465 Double-Density Floppy Disk Controller (DDFDC) 
PACKAGE DIMENSIONS 


a ý — 


40-PIN CERAMIC DIP MILLIMETERS | — INCHES 
DIM | мм [ MAX | MIN | MAX | 
ГА | 50.29 | 51.31 | 1.980 | 2.020 
В |14.86| 15.62 | 0.585 | 0.615 
| C | 254| 419 [9.100 | 0.165 | 
D | 0.38 | —0.53 | 0.015 | 0.021 
| Е | 0.76 [ 1.40 | 0.030 | 0.055 | 
G | 254886 | 0.100В5С 
Гн | 0.76] 1.78 [6.030 | 0.070 
[J [0.20] 0.33 | 0.008 | 0.013 
Е K | 254] 4.19 [0.100 | 0.165 
t L [14.60 | 15.37 | 0.575 | 0.605 
- с о о о о 
WT TTT См [0 10 0 10 
1 ШИ bns pe deese ea mM N 0.51 1.52 | 0.020 | 0.050 
ul SEATING PLANE | K 
H -|_ р а | Ы 4-0 M а 
40-PIN PLASTIC DIP MILLIMETERS| INCHES | 
DIM | MIN | MAX Han Г MAX 
о р А_|51.28 | 52.32 | 2,040 | 2.060 
| Гв |1372 | 1422 | 0.540 | 0.560 | 
| р B [ C | $55| 5.08 | 0.140 | 0.200 
Ж D | 036| 051 [5014 | 0.020 
Е | 102] 1.52 | 3.040 | 0.060 
A -L H | 165| 2.18 | 0.065 | 0.085 
| e Гу [ 0.20| 0.30 [0.008 | 0.012 
ч М K | 305| 3.56 | 0,120 | 0.140 
| - Ј M | 7° 10° 7° 10° 
Чен dhe Бе Aep Км N | 051] 1.02 [0.020 | 0.040 
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Rockwell 


R68560 • R68561 


R68560, В68561 


MULTI-PROTOCOL COMMUNICATIONS 
CONTROLLER (MPCC) 


PRELIMINARY 


DESCRIPTION 


The R68560, R68561 Multi-Protoco! Communications Controller 
(MPCC) interfaces a single serial communications channel to 
a 68008/68000 microcomputer-based system using either asyn- 
chronous or synchronous protocol. High speed bit rate, auto- 
matic formatting, low overhead programming, eight character 
buffering, two channe! DMA interface and three separete inter- 
rupt vector numbers optimize MPCC performance to take full 
advantage of the 68008/68000 processing capabilities and 
asynchronous bus structure. 


In synchronous operation, the MPCC supports bit-oriented 
protocols (BOP), such as SDLC/HDLC, and character-oriented 
protocols (COP), such as ІВМ Bisync (BSC) in either ASCII or 
EBCDIC coding. Formatting, synchronizing, validation and error 
detection is performed automatically in accordance with protocol 
requirements and selected options. Asynchronous (ASYNC) and 
isochronous (ISOC) modes are also supported. In addition, 
modem interface handshake signals are available for general 
use. 


Control, status and data are transferred between the MPCC and 
the microcomputer bus via 22 directly addressable registers and 
a DMA interface. Two first-in first-out (FIFO) registers, address- 
able through separate receiver and transmitter data registers, 
each buffer up to eight characters at a time to allow more MPU 
processing time to service data received or to be transmitted 
and to maximize bus throughput, especially during DMA opera- 
tion. The two-channel Direct Memory Access (DMA) interface 
operates with the MC68440/MC68450 DMA Controllers. Three 
prioritized interrupt vector numbers separately support receiver, 
transmitter and modem interface operation. 


An on-chip oscillator drives the internal baud rate generator 
(ВАС) and an external clock output with an 8 MHz input crystal 
or clock frequency. The BRG, in conjunction with two selectable 
prescaters and 16-bit programmable divisor, provides a data bit 
rate of DC to 4 MHz. 


The 48-pin R68561 supports word-length (16-bit) operation when 
connected to the 68000 16-bit asynchronous bus, as well as byte- 
length (8-bit) operation when connected to the 68008 8-bit bus. 
The 40-pin R68560 supports byte-length operation on the 68008 
bus. 


Document No. 68650N06 


1-83 


FEATURES 


• Full duplex synchronous/asynchronous receiver and 
transmitter 

* Fully implements IBM Binary Synchronous Communications 
(BSC) in two coding formats: ASCI! and EBCDIC 

• Supports other synchronous character-oriented protocols 
(COP), such as six-bit BSC, X3.28, ISO 151745, ЕСМА-16, 
etc. 

• Supports synchronous bit-oriented protocols (BOP), such as 

SDLC, HDLC, X.25, etc. 

Asynchronous and isochronous modes 

Modem handshake interface 

High speed serial data rate (DC to 4 MHz) 

Internal oscillator and Baud Rate Generator (BRG) with pro- 

grammable data rate 

* Crystal or TTL level clock input and buffered clock output 
(8 MHz) 

* Direct interface to 68008/68000 asynchronous bus 

* Eight-character receiver and transmitter buffer registers 

е 22 directly addressable registers for flexible option selection, 
complete status reporting, and data transfer 

* Three separate programmable interrupt vector numbers for 
receiver, transmitter and serial interface 

* Maskable interrupt conditions for receiver, transmitter and 
Serial interface 

* Programmable microprocessor bus data transfer: polled, 
interrupt and two-channel DMA transfer compatible with 
MC68440/MC68450 

* Clock control register for receiver clock divisor and receiver 
and transmitter clock routing 

e Selectable full/half duplex, autoecho and local loop-back 
modes 

• Selectable parity (enable, odd, even) and CRC (control field 
enable, CRC-16, CCITT V.41,, VRC/LRC) 


ORDERING INFORMATION 


Part Number Frequency Temperature Range 


R6856 ____ 4 MHz 0°C to 70°C 


степ С « Сәгатіс 
Р = Plastic 


— Number of pins: 0 = 40 
1 = 48 


Product Description Order №. 705 
Rev. 3, March 1984 
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Multi-Protocol Communications Controller (МРСС) 


8 BYTE 
Vec ——— (4 WORD) 
GND — = TxFIFO 


Tx SHIFT REG 


— а —— xD 


n 


CONTRDL CRC/PARITY 

CHARACTER GENERATOR 

DETECTION, 

INSERTION: TO Rx LOGIC 


(TEST MODE) 


TxFIFO WRITE 1 


NN ы 
ама] 
СК [ У |wcRoPROcESsoR| Tx CONTROL 
ma L | BUS — 
[| INTERFACE, Ж 3 => DI 
00-07" —— — - > RTS 
00-0152 ES [| CONTROL T ü crs. 
E REGISTERS B " рер 
тах [ | AND T р =e DER 
pe [| menor ERS TO Tx LOGIC 
755/08 L1 | ---- т 
105/08: ud BAUD RATE GENERATOR 
008/А0 [^ Tx CLOCK 3 
RESET: RXxFIFO READ SELECT Е FA м 
TXFIFO WRITE (TCLKO) -—— > Belk 
ZN COUNTER PRESCALE EXTAL 
= (BRDR1, BROR2) (PREDIV) 5 
ушт. т XTAL 
‘eae Rx CLOCK Se 
ree — эм seet hef О и је - тс 
Е INTERFACE (RCLKIN) 
БАСК 
- | : 
DONE ы ш = | TO Rx LOGIC 
RxFIFO READ Rx CONTROL | 
To Tx LOGIC 
(ECHD MODE) 
CONTROL 
CHARACTER 
DETECTION 
Ах SHIFT REG RxD 
RxFIFO 
NOTES: 


1. R68560 ONLY. 
2. R68561 ONLY. 
3. UDS ON R68561 A0 ON R68560 
4. LDS ON R68561 DS ON R68560 


Figure 1. MPCC Block Diagram 
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PIN DESCRIPTION 


Throughout the document, signals are presented using the terms 
active and inactive or asserted and negated independent of 
whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. R/W 
indicates a write is active low and a read active high. 


Note: The R68561 interface is described for word mode opera- 
tion only and the R68560 interface is described for byte 
mode operation only. 


А1 - A4—Address Lines. A1 — A4 are active high inputs used 
in conjunction with the CS input to access the internal registers. 
The address map for these registers is shown in Table 1. 


Do – D15—Data Lines. The bidirectional data lines transfer data 
between the MPCC and the MPU, memory or other peripheral 
device. 00 — 015 are used when connected to the 16-bit 68000 
bus and operating in the MPCC word mode. DO-- 07 are used 
when connected to the 16-bit 68000 bus or the 8-bit 68008 bus 
and operating in the MPCC byte mode. The data bus is three- 
stated when CS is inactive. (See exceptions in DMA mode.) 


CS—Chip Select. CS low selects the MPCC for programmed 
transfers with the host. The MPCC is deselected when the CS 
input is inactive in non-DMA mode. CS must be decoded from 
the address bus and gated with address strobe (AS). 


R/W—Read/Write. R/W controls the direction of data flow 
through the bidirectional data bus by indicating that the current 
bus cycle is a read (high) or write (low) cycle. 


DTACK—Data Transfer Acknowledge. DTACK is an active 
low output that signals the completion of the bus cycle. During 
read or interrupt acknowledge cycles, DTACK is asserted by 
the MPCC after data has been provided on the data bus; during 
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write cycles it is asserted after data has been accepted at the 
data bus. DTACK is driven high after assertion prior to being 
tri-stated. A holding resistor is required to maintain DTACK high 
between bus cycles. 


DS—Data Strobe (R68560). During a write (R/W low), the 
DS positive transition latches data on data bus lines 00-07 
into the MPCC. During a read (R/W high), DS low enables data 
from the MPCC to data bus lines DO – 07. 


LDS—Lower Data Strobe (R68561). During a write (АМУ low), 
the positive transition latches data on the data bus lines 20-07 
(and оп D8 - 015 if UDS is low) into the MPCC. During a read 
(RW high), LDS low v enables data from the MPCC to 00-07 
(апа to 08-015 if UDS is low). 


A0—Address Line А0 (R68560). When interfacing to an 8-bit 
data bus system such as the 68008, address line AO is used 
to access an internal register. AO = 0 defines an even register 
and AO - 1 defines an odd register. See Table 1b. 


005—Џррег Data Strobe (R68561). When interfacing to a 
16-bit data bus system such as the 68000, a low on control bus 
Signal UDS enables access to the upper data byte on D8 - D15. 
A high on UDS disables access to D8 – D15. Data is latched and 
enabled in conjunction with LDS. 


iRQ—Interrupt Request. The active low IRQ output requests 
interrupt service by the MPU. IRQ is driven high after assertion 
prior to being tri-stated. 


lACK—Interrupt Acknowledge. The active low TACK input 
indicates that the current bus cycle is an interrupt acknowledge 
cycle. When IACK is asserted the MPCC places an interrupt 
vector on the lower byte (20-07) of the data bus. 


TDSR—Transmitter Data Service Request. When Trans- 
mitter DMA mode is active, the low TDSR output requests DMA 
service. 


DATA 00-015 ais 71 
BUS CTS 
ADDRESS А1-А4 == 
BUS DTR MODEM 
UDS/AO DSR INTERFACE 
LDS/DS DCD 
ASYNCHRONOUS ts 
BUS RW TxD 
CONTROL R68560/ mc TRANSMITTER 
DTACK R68561 х INTERFACE 
RESET 
TDSR ым RECEIVER 
ROSR RxC INTERFACE 
DMA DACK EXTAL 
CONTROL DONE XTAL CLOCK 
DTC BCLK INTERFACE 
INTERRUPT ва. Vee 
CONTROL JACK. GND 
21 


Figure 2. МРСС Input and Output Signals 
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RDSR-—Recelver Data Service Request. When receiver ОМА 
mode is active, the low RDSR output requests DMA service. 


DACK—DMA Acknowledge. The DACK low input indicates 
that the data bus has been acquired by the DMAC and that the 
requested bus cycle is beginning. 


DTC—Data Transfer Complete. The DTC low input indicates 
that а ОМА data transfer is complete. DTC in response to a 
RDSR indicates that the data has been successfully stored 
in memory. DTC in response to a TDSR indicates that the 
data is present on the data bus for strobing into the MPCC. DTC 
is used in conjunction with RAW to increment the TxFIFO or 
RxFIFO pointer. 


DONE--Done. DONE is a bidirectional active low signal. The 
DONE signal is asserted by the DMAC when the DMA transfer 
count is exhausted and there is no more data to be transferred, 
or asserted by the MPCC when the status byte following the last 
character of a frame (block) is being transferred in response to 
a RDSR. The DONE signal asserted by the DMAC in response 
to a TDSR will be stored to track with the data byte (lower 
byte for word transfer) through the TxFIFO. 


RESET—Reset. RESET is an active low, high impedance 
input that initializes ali MPCC functions. RESET must be 
asserted for at least 500 ns to initialize the MPCC. 


DTR--Data Terminai Ready. The ОТА active low output is 
general purpose in nature, and is controlled by the DTRLVL bit 
in the Serial interface Control Register (SICR). 


Multi-Protocol Communications Controller (MPCC) 


RTS—Request to Send. The RTS active low output is general 
purpose in nature, and is controlled by the RTSLVL bit in the 
SICR. 


CTS—Clear to Send. The CTS active low input positive transi- 
tion and level are reported in the CTST and CTSLVL bits in the 
Serial Interface Status Register (SISR), respectively. 


DSR—Data Set Ready. The DSR active low input negative 
transition and level are reported in the DSRT and DSRLVL bits 
in the SISR, respectively. DSR is also an output for RSYN. 


DCD-—Data Carrier Detect. The DCD active low input positive 
transition and level are reported in the DCDT and DCDLVL bits 
in the the SISR, respectively. 


TxD—Transmitted Data. The MPCC transmits serial data on the 
TxD output. The TxD output changes on the negative going edge 
of ТХС. 


RxD—Received Data. The MPCC receives serial data on the RxD 
input. The RxD input is shifted into the receiver with the negative 
going edge of RxC. 


TxC—Transmitter Clock. TxC сап be programmed to be an input 
or an output. When TxC is selected to be ап input, the transmitter 
clock must be provided externally. When TxC is programmed to 
be an output, a clock is generated by the MPCC’s internal baud 
rate generator. The low-to-high transition of the clock signal nomi- 
nally indicates the center of a serial data present on the TxD output. 


RxC—Receiver Ciock. RxC provides the MPCC receiver with 
received data timing information. 


058 1 ЈАСК 
ОТАСК 2 LDS 
RxD 3 DTC 
D10 4 D9 
DTR 5 cs 
DSR 6 DACK 
DCD 7 GND 
D11 8 00 
RDSR 9 08 
А1 01 
GND 02 
А4 03 
А2 D4 
A3 D5 
RxC 06 
012 015 
TxC D7 
BCLK RESET 
EXTAL ст5 
XTAL Voc 


D13 
R/W 
а 
RTS 


D14 
DONE 
TxD 
TDSR 


R68561 


АО 1 S 7] ск 
DTACK 2 21 Ds 
RxD 3 о DTC 
DTR 4 7 cs 
DSR 5 7] БАСК 
bcp 6 7] GND 
RDSR 7 о ро 
A1 8 о 0 
GND 9 I) 02 
А4 10 2 D3 
А2 11 I 04 
АЗ 12 I] 05 
RxC 13 7 06 
Тхс Ip? 
BCLK 21 RESET 
EXTAL 21 Ст 
XTAL Z Vec 
м 7 DONE 
2 


R68560 


Pin Configuration 
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EXTAL—Crystal/External Clock Input. 


XTAL Crystal Return. EXTAL and XTAL connect an 8 MHz 
external crystal to the MPCC internal oscillator. The рт EXTAL 
may also be used as a TTL level input to supply a DC to 8 MHz 
reference timing from an external clock source. XTAL must be 
tied to ground when applying an external clock to the EXTAL 


input. 


BCLK—Buffered Clock. BCLK is the internal oscillator buffered 
output available to other MPCC devices eliminating the need for 


additional crystals. 
Vec—-Power. 5V +5%. 


GND—Ground. Ground (Vss). 


MPCC REGISTERS 


Twenty-two registers control and monitor the MPCC operation. 
The registers and their addresses are identified in Table 1a 
(R68561 operation in word mode) and in Table 1b (R68560 
operation in byte mode). When the R68561 is operated in the 
word mode, two registers are read or written at a time starting 


at an even boundary. When the R68560 is operated in the byte 


mode, each register is explicitly addressed based on AO. 


Table 2 summarizes the MPCC register bit assignments and their 


access. A read from an unassigned location results in a read 
from a “null register." A null register returns all ones for data 
and results in à normal bus cycle. Unused bits of a defined 
register are read as zeros unless otherwise noted. 


Table 1a. R68561 Accessible Registers (Word Mode) 
7] Addr | Address Lines 
Reglster(s) RW | (Hex) | А4 АЗ A2 А | 
15 8 7 0 
Receiver Control Register (RCR) Receiver Status Register (RSR) R/W 00 o 0 0 0 
Receiver Data Register (RDR)—16 bits! R 02 0 1 
Receiver Interrupt Enable Register (RIER) E Receiver Interrupt Vector Number Register (RIVNR) RN | 04 0 0 1| о | 
а | 
Transmitter Control Register (TCR) Transmitter Status Register (TSR) BM 08 0 1 0 0 
Transmitter Data Register (TDR)—16 bits? уу 0А о 1 0 1 
Transmitter Interrupt Enable Register (TIER) Transmitter Interrupt Vector Number Register (TIVNR) | R/W oc 0 1 1 0 
Serial Interface Control Register (SICR) Serial Interface Status Register (SISR) R/W 10 1 0 0 0 z 
Reserved? Reserved? R/W 12 1 0 1 
Serial Interrupt Enable Register (SIER) | Serial Interrupt Vector Number Register (5 УМА) RW | 14 101 0 
Protocol Select Register 2 (PSR2) Protocol Select Register (PSR1) Rw | 18 T1 1 0 0 
Address Register 2 (AR2) Address Register 1 (АРТ) R/W 1A 1 1 0 | 
Band Rate Divider Register 2 (BRDR2) Baud Rate Divider Register 1 (BRDR1) | ВА 1C 1 1 1 0 
Error Control Register (ECR) | Glock Contro! Register (CCR) Aw) E | 1 13 1 1! 


Г Notes: 


1. Accessible register of the four word RxFIFO. The data is not initialized, however, RES resets the RXFIFO pointer to the start of the first word. 
2. Accessible register of the four word TxFIFO. The data is not initialized, however, RES resets the ТхҒІҒО pointer to the start of the first word. 
3. Reserved registers may contain random bit values. 


- 
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Table 1b. R68560 Accessible Registers (Byte Mode) 


T Ту" Addr ч Address Lines | 
Register(s) АМ | Hex) А АЗ A2 А А 
7 | 0 | 7 
[7 Receiver Status Register (ASP) RIW 00 0 о 0 0 0 
Г Receiver Controt Register (АСА) | Г RW 01 ly 0 » 0 [1 0 1 
Receiver Data Register (RDR)—8 bits! Г В Г 02 | 0 7 0 o 1 0 
Reserved? | f 03 | o о а 1 1 
|_ Receiver Interrupt Vector Number Register (RIVNR) | RW | 04 0 6 0 т 0 0 
Receiver Interrupt Enable Register (RIER) R/W 05 0 0 1 0 1 
| ‘Transmitter Status Register (TSR) | | mw | 08 о 4 с o0 0 
Transmitter Control Register (TCR) | ШЕШЕГІ 09 0 1 C 0 1 
| Transmitter Data Register (TDR)?—8 bits | Ww i 0A 0 | 1 с 1 0 _| 
Reserved? ов 0 1 C 1 1 
E Transmitter interrupt Vector Number Register (TIVNR) jn R/W ос | 0 м 1 " 0 0 
Transmitter Interrupt Enable Register (TIER) R/W | ор 0 7 1 " 0 1 
Serial Interface Status Register (SISR) | — RW 1 10 1 m 0 o 0 0 | 
Serial Interface Control Register (SICR) RW 11 1 0 0 0 1 
bu: Reserved? | 12 | 1 | 0 o 1 0 
Reserved? | | | 13 1 20 0 1 1 
Serial Interrupt Vector Number Register (SIVNR) R/W 14 | 1 Е 0 1 0 0 
Serial Interrupt Enable Register (SIER) | | R/W 1 15 1 0 1 0 1 
Protocol Select Register 1 (PSR1) | | w | 18 12а Е o 0 0 
Protocol Select Register 2 (PSR2) | R/W | 19 1 _ 1 0 1 
Address Register 1 (АРТ) ТІ Ам 1А 1 1 0 0 
Address Register 2 (АВ2) | | Ам | ГИШИ ШИШЕ 6 3 1 
Band Rate Divider Register 1 (BRDR) __ ШЕ [сс ШИ ШЕ: 0 
L- Baud Rate Divider Register 2 (BRDR2) | R/W 1D | 1 _1 1 | 0 1 
Clock Contro! Register (CCR) R/W 1E 1 1 1 1 0 
Error Control Register (ECR) | Й! R/W 1 1Е 1 E 1 1 1 
Notes: Pu ў | 
1. Accessible register of the eight byte RxFIFO. The data is not initialized, however, RES resets the RxFIFO pointer to the start of the first byte. 
2. Accessible register of the eight byte TxFIFO. The data is not initialized, however, RES resets the TxFIFO pointer to the start of the first byte. 
3. Reserved registers may contain random bit values. 
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Tabie 2. МРСС Register ВИ Assignments 


Резе! 


Value 


TDRA 


R/W Bit Number 
Access 
RW "2 C/PERR | FRERR | ROVRN RA/ ECRET 
RW 0 ЕДЕ DONEEN | | этязүм | осме RABTEN | | RRES 
R eme DATA LI 
RW RECEIVER INTERRUPT VECTOR NUMBER (RIVN) 
[ww | RR [ | о [Oe | тела ЫЫ 
— 


CNN 


TFC 0 0 0 TUNRN 
TEN | ТОЗАЕМ | пса THW | TLAST | TSYN 


TRANSMITTED DATA (TxFIFO)2 


TABT 


ТОНА | TFC 
IE [3 0 0 9 


TRANSMITTER INTERRUPT VECTOR NUMBER (ТММ) 


RANDOM BIT VALUES 


RANDOM BIT VALUES 


SERIAL INTERRUPT VECTOR NUMBER (SIVN) 


NENNEN 


CTLEX 


ADDEX 


CHAR LEN SEL 
сы 


PROTOCOL SEL 


BOP ADDRESS/BSC & COP PAD 
BOP ADDRESS/BSC & COP SYN 


BAUD RATE DIVIDER (LSH) 


BAUD RATE DIVIDER (MSH) 


PSCDIV | TCLKO | RCLKIN 


PAREN | ODDPAR 0 


Notes: 
1. RESET = Register contents upon power up or RESET. 
2. 16-bits for R68561 (word mode); 8-bits for R68560 (byte mode). 


БЕСТЕН SEL 


| ска | 


c SEL 
| o [onore] CRCPRE one | om] 


CRI 
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Receiver Status 
Register (RSR) 


Receiver Control 
Register (RCR) 


Receiver Data 
Register (RDR) 


Receiver Interrupt Vector 
Number Register (RIVNR) 


Receiver Interrupt Enable 
Register (RIER) 


Transmitter Status 
Register (TSR) 
Transmitter Control 
Register (TCR) 


Transmitter Data 
Register (TDR) 


Transmitter Interrupt Vector 
Number Register (TIVNR) 


Transmitter Interrupt Enable 
Register (TIER) 


Serial Interface Status 
Register (SISR) 


Serial Interface Control 
Register (SICR) 
(reserved) 


(reserved) 
Serial Interrupt Vector 
Number Register (SIVNR) 


Serial Interrupt Enable 
Register (SIER) 


Protocol Select 
Register 1 (PSR1) 


Protoco! Select 

Register 2 (PSR2) 
Address Register 1 (AR1) 
Address Register 2 (AR2) 


Baud Rate Divider 
Register 1 (BRDR1) 
Baud Rate Divider 
Register 2 (BRDR2) 
Clock Control 
Register (CCR) 


Error Control 
Register (ECR) 
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REGISTER DEFINITIONS 


RECEIVER REGISTERS 
an Status пене (RSR) 


RDA ao о 7 C/PERR е он | = с 


Reset Value = $00 


The Receiver Status Register (RSR) contains the status of the 
receiver including error conditions. Status bits are cleared by 
writing a 1 into respective positions, by writing a 1 into the RCR 
RRES bit or by RESET. If an EOF, C/PERR, or FRERR is set 
in the RSR, the data reflecting the error (the first byte or word 
in the RxFIFO) must be read prior to resetting the correspond- 
ing status bit in the RSR. The IRQ output is asserted if any 
of the conditions reported by the status bits occur and the cor- 
responding interrupt enable bit in the RIER is set. 


The RSR format is the same as the frame status format (see 
below) except as noted. 


RSR 
7 RDA —Receiver Data Available. (RSR only). 
0 The RxFIFO is empty (је. no received data is 
available). 
1 Received data is available in the FIXFIFO and can be 
read via the RDR. 
RSR 
6 EOF —End of Frame. 
0 No end of frame ог block detected. 
1 End of frame or block detected (ВОР and BSC). 
RSR 
5 RHW —Receive Half Word. (Frame Status only)* 


0 The last word of the frame contains data on the upper 
half (D8-D15) and frame status on the lower half 
(20-07) of the data bus. 


1 The lower half of the data bus (00 – D7) contains the 
frame status but the upper half (D& – 015) is blank or 
invalid. 

RSR 
4 C/PERR —CRC/Parity Error. 
0 No CRC or parity error detected. 
1 CRC error detected (BOP, BSC), Parity error detected 


(ASYNC, ISOC and COP). 


RSR 
3 FRERR —Frame Error. 
0 No frame error detected. 
1 Short Frame ог a closing FLAG detected off boundary 
(BOP), Frame error (ASYNC, ISOC) or receiver 
overrun. 
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RSR 
2 ROVRN --Несеіуег Overrun. 

0 No receiver overrun detected. 

1 Receiver overrun detected. Indicates that receiver data 
was attempted to be transferred into the RxFIFO when 
it was full, resulting in loss of received data. The data 
that is already in RxFIFO are nct affected and may be 
read by the processor. 

RSR 


1 RA/B — Receiver Abort/Break. 

0 Normal Operation. 

1 ABORT detected after an opening flag (BOP), ENQ 
detected in a block of text deta (BSC), or BREAK 
detected (ASYNC). 


RSR 
0 НОЕ — Receiver Idle. (RSR only). 
0 Receiver not idle. 
1 15 or more consecutive “175” have been received and 


the receiver is in an inactive idle state. 


*Frame Status (RSR) 


5 а | 3 | 2 1 [о] 
RHW | C/PERR | FRERR | ROVAN | RAB |0 | 


For the BSC and BOP protocols which have defined message 
blocks or frames, a “frame status" byte will be loaded into the 
RxFIFO following the last data byte of each block. The frame 
status contains all the status contained within the RSR with the 
exception of RDA and RIDLE. But, in adclition to the RSR con- 
tents, the frame status byte has a RHW status in bit 5 which 
indicates either an even or odd boundary (applicable to word 
mode only). 


0 | EOF 


И the MPCC is т word mode and the las! data byte was оп ап 
even byte boundary (i.e., there was an even number of bytes 
in the message), a blank byte will be loaded into the RxFIFO 
prior to loading the frame status byte in orcer to force the "frame 
status” byte and the next frame to be оп an even boundary. 
When RHW = 0, the last word of the frame contains data on 
the upper half and status on the lower ћа of the data bus. If 
RHW = 1, ће lower half of the bus contains status but the upper 
half is a blank or invalid byte. 


In the byte mode, the status byte will always immediately follow 
the last data byte of the block/frame (see Figure 3). The EOF 
status in the RSR is then set when the byte/word containing the 
frame status is the next byte/word to be read from the RxFIFO. 


In the receiver DMA mode, when the EOF status in the RSR 
is set, DONE is asserted to the DMAC. Thus the last byte 
accessed by the DMAC is always a status byte, which the 
processor may read to check the validity of entire frame. 
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| 
WORD 015 08 07 ро WORD 015 08 07 Do 
Гм DATA STATUS | [м DATA DATA | 
WORD MODE ШТЕ МЕХТ | FRAME | | N+1 BLANK | STATUS 
(RHW = 0) N+2 NEXT | FRAME 
(RHW = 1) 
BYTE 07 Do BYTE 07 Do 
| м | DATA | м | DATA 
ВУТЕ МОРЕ М + 1 | STATUS | M + 1 | STATUS 
с + 2 | NEXT FRAME | м + L NEXT FRAME 


Figure 3. BSC/BOP Block/Frame Status Location 


Receiver Control Register (RCR) 


716 s [4 [з | ве ЕГІН КІ 
—|RDSREN 


DONEEN|RSYNEN|STRSYN PADCMP RABEN RRES| 


Reset value = $01 


The Receiver Control Register (RCR) selects receiver control 
options. 


RCR 
7 — Мо! used. 
RCR 
6 RDSREN —Recelver Data Service Request Enable. 
0 Disable receiver DMA mode. 
1 Enable receiver DMA mode. 
RCR 
5 DONEEN —DONE Output Enable. 
0 Disable DONE output. 
1 Enable DONE output. (When the receiver is in the DMA 
mode, i.e., ВОЗАЕМ = 1). 
ВСВ 
4 RSYNEN —RSYNEN Output Enable. Selects the 
DSR signal input or the RSYN SYNC 
signal output on the DSR pin. 
0 Input DSR on DSR. _ 
1 Output RSYN on DSR. 
RCR 
3 STRSYN -—Strip SYN Character (COP only). 
0 Do not strip SYN character. 
1 Strip SYN character. 
RCR 
2 2ADCMP —Опе/Тмо Address Compare (BOP only). 
0 Compare one address byte with the contents of АРТ. 
1 Compare two address bytes with the contents of AR1 


and AR2. 


RCR 
1 RABTEN --Несеіуег Abort Enable (BOP only). 

0 Do not abort frame upon error detection. 

1 Abort frame upon RxFIFO overrun (ROVRN bit = 1 in 
the RSR) or CFCRC error detection (C/PERR bit = 1 
in the RSR). If either error occurs, the MPCC ignores 
the remainder of the current frame and searches for 
the beginning of the next frame. 


RCR 
0 RRES --Весеіуег Reset Command. 
0 Enable normal receiver operation. 
1 Reset receiver. Resets the receiver section including 


the RxFIFO and the RSR (but not the RCR). RRES is 
set by RESET or by writing a 1 into this bit for one write 
cycle and is cleared by writing a 0 into this bit. RRES 
requires clearing after RESET. 


Receiver Data Register (RDR) 
R68561 (Word Mode) 


15 [14 [13 [12 [11 Ше [е 8432] то 


MSB Byte 1 LSB | MSB Byte 0 LSB 


268560 (Byte Mode) 


zo € mp ez es ЫМЕН 


MSB Byte 0 LSB | 


The receiver has ап 8-byte (or 4-word) First In First Out (FIFO) 
register file (RxFIFO) where received data are stored before 
being transferred to the bus. The received data is transferred 
out of the RxFIFO via the RDR in 8-bit bytes or 16-bit words 
depending on the WD/BYT bit setting in PSR2. When the 
RxFIFO has a data byte/word ready to be transferred, the RDA 
status bit in the RSR is set to 1. 
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Receiver interrupt Vector Number Register (RIVNR) 


оета ете) 
Г | 


Receiver Interrupt Vector Number (RIVN) 


Reset value = $0F 


If a receiver interrupt condition occurs (as reported by status 
bits in the RSR that correspond to interrupt enable bits in the 
RIER) and the corresponding bit is set in the RIER, IRQ output 
is asserted to request MPU receiver interrupt service. When the 
JACK input is asserted from the bus, the Receiver Interrupt Vec- 
tor Number (RIVN) from the Receiver Interrupt Vector Number 


Register (RIVNR) is placed on the data bus. 


— d Enabie Register (RIER) 


7 5| 4 3 | 2 | [0 | 
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TRANSMITTER REGISTERS 
Transmitter Status AT (TSR) 


MÀ |0 | УБ | == 


Reset value = $ 


The Transmitter Status Register (TSR) contains the transmitter 
status including error conditions. The transmitter status bits are 
cleared by writing a 1 into their respective positions, by writing 
a 1 into the TCR TRES bit, ог by RESET. The IRQ output is 
asserted if any of the conditions reported by the status bits occur 
and the corresponding interrupt enable bit in the TIER is set. 


RDA КИ 0 | C/PERR | FRERR | RovRN | пав | 0 
ЈЕ IE IE IE IE IE 


Reset value = $00 


The Receiver Interrupt Enable Register (RIER) contains inter- 
rupt enable bits for the Receiver Status Register (RSR). When 
enabled, the IRQ output is asserted when the corresponding 
condition is detected and reported in the RSR. 


RIER 
7 RDAiE  -—Receiver Data Available interrupt 
Enabie. 
0 Disable АРА Interrupt. 
1 Enable RDA Interrupt. 
RIER 
6 EOFIE —End of Frame Interrupt Enable. 
9 Disable EOF Interrupt. 
1 Enable EOF Interrupt. 
RIER 
5 —Not used. 
RIER 
4  C/PERR IE —CRC/Parity Error Interrupt Enable. 
0 Disable C/PERR Interrupt. 
1 Enable C/PERR Interrupt. 
RIER 
3  FRERR IE —Frame Error Interrupt Enable. 
о Disable FRERR Interrupt. 
1 Enable FRERR Interrupt. 
RIER 
2 ROVAN IE —Receiver Overrun Interrupt Enable. 
0 Disable ROVRN Interrupt. 
1 Enable ROVRN Interrupt. 
RIER 
1 RA/BiE —Receiver Abort/Break Interrupt Enable. 
0 Disable RA/B interrupt. 
1 Enable RA/B Interrupt. 
RIER 


0 —Not used. 


TSR 

7 TDRA —Transmitter Data Register Available. 

о The TxFIFO is full. 

1 The TxFIFO is not full (i.e., available) and data to 
transmit can be loaded via the TDR. 

TSR 
6 TFC —Transmitted Frame Complete. (BOP, BSC 
and COP only). 

0 Frame not complete. 

1 Closing FLAG or ABORT character has been transmit- 
ted (BOP), Trailing PAD has been transmitted (BSC), 
or the last character of a frame or block as defined by 
TLAST (TCR bit 3) has been transmitted (COP). 

TSR 
5-3 —Not used. 
TSR 
2 TUNRN  -—Transmitter Underrun (BOP, BSC and 
COP only). A transmitter underrun occurs 
when the transmitter runs out of data dur- 
ing a transmission. For BOP, the underrun 
condition is treated as an abort. For BSC 
and COP, SYN characters are transmitted 
until more data is ava lable in the TxFIFO. 

0 No transmitter underrun occurred. 

1 Transmitter underrun occurred. 

TSR 

1 TFERR —Transmit Frame Error (BOP only). 
0 No frame error has occurred. 
1 No control field was present (short frame). 


Transmitter Control Register (TCR) 


7 6 5 | 4 | з |2 т [Го 
TEN | TDSREN | Tics | THW | TLAST | ТЗҮМ TABT | TRES 


Reset value = $01 


The Transmitter Control Register (TCR) selects transmitter con- 
trol function. 


TCR 
7 TEN —Transmitter Enabie. 
0 Disable transmitter. TxD output із idled. The TxFIFO 
may be loaded while the transmitter is disabled. 
1 Enable transmitter. 
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TCR 
6  TDSREN --ТгапвтіНег Data Service Request 
Enable. 
0 Disable transmitter DMA mode. 
1 Enable transmitter DMA mode. 
TCR 
5 TICS —Transmitter Idle Character Select. Selects 


the idle character to be transmitted when 
the transmitter is in an active idle mode 
(transmitter enabled or disabled). 
0 Mark Idle (TxD output is held high). 
1 Content of AR2 (BSC and COP), BREAK condition 
(ASYNC and ISOC), or FLAG character (BOP). 


4 THW —Transmit Half Word. (R68561, word mode 
only). This bit is used when the frame or 
block ends on an odd boundary in conjunc- 
tion with the TLAST bit and indicates that 
the last word in the TxFIFO contains valid 
data in the upper byte only. This bit must 
always be 0 in byte mode (R68560). 

0 Transmit full word (16 bits) from the TxFIFO. 

1 Transmit upper byte (8 bits) from the TxFIFO. 


TCR 
3 TLAST —Transmit Last Character (BOP, BSC and 
COP only). 

0 The next character is not the last character п a frame 
or block. 

1 The next character to be written into the TDR is the 
last character of the message. The TLAST bit 
automatically returns to a 0 when the associated 
word/byte is written to the TxFIFO. If the transmitter 
ОМА mode is enabled, TLAST is set to a 1 by DONE 
from the DMAC. In this case the character written into 
the TDR in the current cycle is the last character. 

TCR 

2 TSYN —Transmit SYN (BSC and COP only). 

0 Do not transmit SYN characters. 

1 Transmit SYN characters. Causes a pair of SYN 
characters to be transmitted immediately following the 
current character. If BSC transparent mode is active, 
a DLE SYN sequence is transmitted. The TSYN bit 
automatically returns to a 0 when the SYN character 
is loaded into the Transmitter Shift Register. 

TCR 

1 TABT —Transmit ABORT (BOP only). 

0 Enable normal transmitter operation. 

1 Causes an abort by sending eight consecutive 1’s. A 


data word/byte must be loaded into the TxFIFO after 
setting this bit in order to complete the command. The 
TABT bit clears automatically when the subsequent 
data word/byte is loaded into the TxFIFO. 
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TCR 
0 TRES —Transmitter Reset Command. 
0 Enable normal transmitter operation. 
1 Reset transmitter. Clears the transmitter section 


including the TxFIFO and the TSR (but not the TCR). 
The TxD output is held in “Магк” condition. TRES is 
set by RESET or by writing a 1 into this bit for one write 
cycle and is cleared by writing a 0 into this bit. TRES 
requires clearing after RESET. 


Transmit Data Register (TDR) 
R68561 (Word Mode) 


[sao po [11 [ro [o |в | [6 [е [4 [за [1 [o] 


MSB Byte 1 LSB | MSB Byte 0 LSB 
R68560 (Byte Mode) 


= | ви | вара | овај Ги үш 
[ Ms вөо 48 | 


MSB Byte 0 LSB 


The transmitter has an 8-byte (or 4-word) FIFO register file 
(TxFIFO). Data to be transmitted is transferred from the bus into 
the TxFIFO via the TDR in 8-bit bytes or 16-bit words depend- 
ing on the WD/BYT bit setting in PSR2. The TDRA status bit 
in the TSR is set to 1 when the TxFIFO is ready to accept another 
data word/byte. 


Transmitter Interrupt Vector Number Register (TIVNR) 


[7 Г Г з Га Г Ге [1 [о 


| Transmitter Interrupt Vector Number (TIVN) 


Reset value = $02 


If a transmitter interrupt condition occurs (as reported by status 
bits in the TSR that correspond to interrupt enable bits in the 
TIER) and the corresponding bit in the TIER is set, the IRQ 
output is asserted to request MPU transmitter interrupt service. 
When the ІАСК input is asserted from the bus, the Transmitter 
Interrupt Vector Number (TIVN) from the Transmitter Interrupt 
Vector Number Register (TIVNR) is placed on the data bus. 


Transmitter Interrupt Enable Register (TIER) 


Reset value = $00 


The Transmitter Interrupt Enable Register (TIER) contains 
interrupt enable bits for the Transmitter Status Register. When 
enabled, the IRQ output is asserted when the corresponding 
condition is detected and reported in the TSR. 


TIER 
7 TDRAIE —Transmitter Data Register (ТОВ) Avall- 
able Interrupt Enable. 

0 Disable TDRA interrupt. 


1 Enable TDRA interrupt. 
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TIER 
6 TFC IE —Transmit Frame Complete (TFC) interrupt 
Enable. 
0 Disable TFC Interrupt. 
1 Enable TFC Interrupt. 
TIER 
5-3 —Not used. 
TIER 
2  TUNRN IE —Transmitter Underrun (TUNRN) interrupt 
Enable. 
0 Disable TUNRN interrupt. 
1 Enable TUNRN interrupt. 
TIER 
1  TFERRIE —Transmit Frame Error (ТРЕВА) interrupt 
Enable. 
0 Disable TFERR Interrupt. 
1 Enable TFERR Interrupt. 
TIER 
0 —Not used. 


SERIAL INTERFACE REGISTERS 
Serial Interface Status Register (SISR) 

7 ; в | 5 | 4 3 | 2 
CTST | DSRT | DCDT | CTSLVL | DSRLVL | DCDLVL 


Reset value = $00 


s 


The Serial Interface Status Register (SISR) contains the serial 
interface status information. The transition status bits (CTST, 
DSRT and DCDT) are cleared by writing a 1 into their respec- 
tive positions, or by RESET. The level status bits (CTSLVL, 
DSRLVL and DCDLVL) reflect the state of their respective inputs 
and cannot be cleared internally. The IRQ output is asserted 
if any of the conditions reported by the transition status bits occur 
and the corresponding interrupt enable bit in the SIER is set. 


SISR 
7 CTST —Clear to Send Transition Status. 
1 CTS has transitioned positive (from active to inactive). 
(TRES must be zero). 
0 CTS has not transitioned positive. 
SISR 
6 0587 -—Data Set Ready Transition Status. 
1 ОЗА has transitioned negative (from inactive to active). 
0 DSR has not transitioned negative. 
SISR 
5 ОСОТ #-—Data Carrier Detect Transition Status. 
1 DCD has transitioned positive (from active to inactive). 
0 DCD has not transitioned positive. 
SISR 
4  CTSLVL  —Clear to Send Level. 
0 CTS input level is negated (high). 
1 CTS input level is asserted (low). 
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SISR 
3 OSRLVL  —Data Set Ready Level. 
0 DSR input level is negated (high). 
1 DSR input level is asserted (low). 
SISR 


2 DCDLVL  —Data Carrier Detect Level. 
0 DCD input level is negated (hicih). 
1 DCD input level is asserted (low). 


SISR 
1-0 


—Not used. 


Serial Interface Control Register (SICR) 


ваз] [1 0 
о | ЕС-О | TEST | Nazi 


olo 


The Serial Interface Control Register (SICR) controls various 
serial interface signals and test functions. 


т | 6 
RTSLVL | DTRLVL 


Reset value = $00 


SICR 
7 RTSLVL —Request to Send Level. 
0 Negate RTS output (high). 
1 Assert RTS output (low). 
NOTE 
In BOP, BSC, or COP, when the RTSLVL bit is cleared 
in the middle of data transmission, the RTS output- 
remains asserted until the end of the current frame 
or block has been transmitted. In ASYNC or ISOC, the 
RTS output is negated when the TxFIFO is empty. If 
the transmitter is idling when the RTSLVL bit is reset, 
the RTS output is negated within two bit times. 
SICR 
6 DTRLVL —Data Terminal Ready Level. 
0 Negate DTR output (high). 
1 Assert DTR output (low). 
SICR 
5-3 —Not used. These bits are initialized to 0 by 
RESET and must not be set to 1. 
SICR 

2 ECHO —Есћо Mode Enable. 

0 Disable Echo mode (enable normal operation). 

1 Enable Echo mode. Received data (RxD) is routed 
back through the transmitter to TxD. The contents of 
the TxFIFO is undisturbed. This mode may be used 
for remote test purposes. 

SICR 
1 TEST —Self-test Enable. 
0 Disable self-test (enable normal operation). 
1 Enable self-test. The transmitted data (TxD) and clock 


(TxC) are routed back through to “he receiver through 
RxD and RxC, respectively (DCD and CTS are 
ignored). This “loopback” self-test may be used for 
ali protocols. RxC is external regardless of the state 
of CCR bit 2. CCR bit 3 may bea бога 1. 
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SICR 
0 NRZI —NRZI Data Format Select. Selects the 
transmit and receive data format to be NRZ 
or NRZI. 
0 Select NRZ data format. NRZ coding—high = 1 and 
low = 0. 
1 Select NRZI data format. The serial data remains in 


the same state to send a binary 1 and switches to the 
opposite state to send a binary 0. A 1 bit delay is added 
to the TxD output to allow for encoding. 


Serial Interrupt Vector Number Register (SIVNR) 
7[в[5 [+ | з | = | + [о 
Serial Interrupt Vector. Number (SIVN) 


Reset value = $0F 


№ a serial interface interrupt condition occurs (as reported by 
status bits in the SISR that correspond to interrupt enable bits 
in the SIER) and the corresponding bit in the SIER is set, the 
IRQ output is asserted to request MPU serial interface interrupt 
service. When the |АСК input is asserted from the bus, the Serial 
Interrupt Vector Number (SIVN) from the Serial Interrupt Vector 
Number Register (SIVNR) is placed on the data bus. 


Serial Interrupt Enable Reglster (SIER) 


| 7 в | 5 ЕТА a ee 
| cts | DSR | pep | 0 0 0 | 0 0 
IE IE IE 


Reset value = $00 


The Serial Interrupt Enable Register (SIER) contains interrupt 
enable bits for the Serial Interface Status Register. When an 
interrupt enable bit is set, the IRQ output is asserted when the 
corresponding condition occurs as reported in the SISR. 


SIER 
7 CTStE  -—Clear to Send (CTS) Interrupt Enable. 
0 Disable CTS Interrupt. 
1 Enable CTS Interrupt. 

SIER 


6 DSRIE — —Data Set Ready (DSR) Interrupt Enable. 
0 Disable DSR Interrupt. 
1 Enable DSR Interrupt. 


SIER 
5  DCDIE  -—Data Carrler Detect (DCD) Interrupt 
Enable. 
0 Disable DCD Interrupt. 
1 Enable DCD Interrupt. 
SIER 
4-0 —Not used. 


GLOBAL REGISTERS 


The global registers contain command information applying to 
different modes of operation and protocols. After changing global 
register data, TRES in the TCR and RRES in the RCR should 
be set then cleared prior to performing normal mode processing. 


Protocol Select Register 1 (PSR1) 


Г Ге Ге [а [2 т [о 
0 о [о | o | о | o | стих | АОрЕХ 


Reset value = $00 


Protocol Select Register 1 (PSR1) selects BOP protocol related 
options. 


PSR1 
7-2 —Not used. 
PSR1 
1 CTLEX  -—Control Field Extend (BOP only). 


0 Select 8-bit control field. 
1 Select 16-bit control field. 


PSR1 
0  ADDEX  -—Address Extend (BOP only). 
0 Disable address extension. All eight bits of the 
address byte are utilized for addressing. 
1 Enable address extension. When bit 0 in the address 


byte is a 0 the address field is extended by one byte. 
An exception to the address field extension occurs 
when the first address byte is all 0’s (null address). 


Protocol Select Register 2 (PSR2) 


7 e |s Еа рза БЕ ЕСЕН 
WD/BYT | STOP BIT SEL |CHAR LEN SEL| PROTOCOL SEL E 


| 382 | sB1 | сог | си | Ps3 | Ps2 | Pst 


Reset value = $00 


Protocol Select Register 2 (PSR2) selects protocols, character 
size, the number of stop bits, and word/byte mode. 


PSR2 
7  WD/BYT —Data Bus Word/Byte Mode. 
0 Select byte mode. Selects the number of дата bits to 


be transferred from the RxFIFO and the registers to 
the data bus and to be transferred from the data bus 
to the TxFIFO and the registers. The MPCC is initial- 
ized by RESET to the byte mode. 

1 Select word mode. For operation with the 16-bit bus, 
select the word mode by sending $80 on D7 – DO to 
address $19 prior to transferring subsequent data 
between the MPCC and the data bus. 


PSR2 

6-5 STOP BIT SEL —Number of Stop Bits Select. 
Selects the number of stop bits 
transmitted at the end of the data 
bins in ASYNC and ISOC modes. 


No. of Stop Bits 


6 5 
SB2 581 ASYNC ISOC 
0 0 1 1 
0 1 1-1/2 2 
1 0 2 2 
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PSR2 

4-3 CHAR LEN SEL —Character Length Select. Selects 
the character length except in BOP 
and BSC where the character length 
is always eight bits. Parity is not 
included in the character length. 


4 3 
Сі2 CL1 Character Length 
0 0 5 bits 
0 1 6 bits 
1 0 7 bits 
1 1 8 bits 


PSR2 
2-0 PROTOCOL SEL —Protocol Select. Selects protocol 
and defines the protocol dependent 


control bits. 

2 1 0 

PS3 PS2 PS1 . . Protocol 
0 0 0 ВОР (Ритагу) 
0 0 1 BOP (Secondary) 
0 1 0 Reserved 
0 1 1 COP 
1 0 0 BSC EBCDIC 
1 0 1 BSC ASCII 
1 1 0 ASYNC 
1 1 1 ISOC 


Address Register 1 (AR1) 


AANEREN RC CR Ж. 


ВОР ADDRESS/BSC & СОР PAD 


Reset уаше = $00 


Address Register 2 (AR2) 


Sa ae ыы = 


ВОР ADDRESS/BSC а COP SYN 1 


Reset value = $00 


The protocol selected in PSR2 (BOP, BSC and COP only) deter- 
mines the function of the two 8-bit Address Registers (AR1 and 
АВ2). As a secondary station in BOP, the contents of the address 
registers are used for address matching depending on the 
2 ADCMP selection in the RCR. In BSC and COP, AR1 and AR2 
contain programmable leading PAD and programmable SYN 
characters, respectively. 


Address Register (AR) Contents 


Protocol Selected | 2ADCMP | АН! AR2 
BOP (Primary) X X X 

BOP (Secondary) 0 Address X 

1 Address Address 

BSC EBCDIC x Leading FAD SYN 

BSC ASCII x Leading FAD SYN 

СОР x Leading PAD SYN 

*Х = Not used | | 
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Baud Rate Divider Register 1 (BROR1) 


?* [в [5 usq moror 


BAUD RATE DIVIDER (LSH) 


Reset value = $01 


Baud Rate Divider Register 2 (BRDR2) 


еве а Еа 


BAUD RATE DIVIDER (MSH) | 


Reset value = $00 


The two 8-bit Baud Rate Divider Registers (BRDR1 and BRDR2) 
hold the divisor of the Baud Rate Divider circuit. BRDR1 con- 
tains the least significant half (LSH) and BRDR2 contains the 
most significant half (MSH), With an 8.064 MHz EXTAL input, 
standard bit rates can be selected using the combination of 
Prescaler Divider (in the CCR) and Baud Rate Divider values 
shown in Table 3. For isochronous or synchronous protocols, 
the Baud Rate Divider value must be multiplied by two for the 
same Prescaler Divider value. 


The Baud Rate Divider (BRD) value can be computed for other 
crystal frequency, prescaler divider and desired baud rate values 
as follows: 


_ Crystal Frequency 


BRD - 
(Prescaler Divider) (Baud Rate) (K) 


К = 1 for isochronous or synchronous 
2 for asynchronous 


where: 


Clock Control Register (CCR) 


7lels 4 3 2 М] 
0 E о | PSCDIV | тако | RCLKIN | CLK SEL 


Reset value = $00 


The CCR selects various clock options. 


CCR 
7-5 —Not used. 
CCR 
4 PSCDIV —Prescaler Divider. The Prescaler Divider 


network reduces the external/oscillator fre- 
quency 10 а value for use by the internal 
Baud Rate Generator 

0 Divide by 2. 


1 Divide by 3. 
CCR 
3 ТСІКО —Transmitter Clock Output Select. 
0 Select TxC to be an input. 
1 Select TxC to be an output. 
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Table 3. Standard Baud Selection (8.064 MHz Crystal) 


Baud Rate Divider 
Prescaier Divider Asynchronous 
Desired Hexadecimai Vaiue Hexadecimal Vaiue 
Baud Rate Decimai PSCDiV Decimai BRDR2 BRDR1 Decimai 
(Bit Rate) Vaiue (0 to 1) Vaiue (MSH) __ (LSH) Vaiue (MSH) (LSH) 
50 3 1 26,880 69 00 53,760 D2 00 
75 2 0 26,880 69 00 53,760 02 00 
110 3 1 12,218 2Е ВА 24,436 5Е 74 
135 2 0 14,933 ЗА 55 29,866 74 АА 
150 3 1 8,960 23 00 17,920 46 00 
300 2 0 6,720 1A 40 13,440 34 80 
1200 3 1 1,120 04 60 2,240 08 co 
1800 2 0 1,120 04 60 2,240 08 со 
2400 2 о 840 03 48 1,680 06 90 
3600 2 0 560 02 30 1,120 04 60 
4800 3 1 280 01 18 560 02 30 
7200 2 0 280 01 18 560 02 30 
9600 3 1 140 00 8c 280 01 18 
19200 3 1 70 00 46 140 00 8c 
38400 3 1 36 00 23 70 00 46 
CCR ECR 
2 RCLKIN --Несеіуег Clock Internal Select (ASYNC 6 ODDPAR —Odd/Even Parity Select (Effective only 
only). when PAREN = 1). 
0 Select External RxC. 0 Generate/check even parity. 
1 Select Internal RxC. 1 Generate/check odd parity. 
CCR ECR 
1-0 CLK DIV —External Receiver Clock Divider. Selects 54 ымны 
the divider of the external RxC to determine ECR 
шаны date. гаје 3 CFCRC —Control Field CRC Enable. 
0 Disable control field CRC. Enables an intermediate 
скі сі Divider _ CRC remainder to be appended after the address/con- 
0 0 1 (1500) trol field in transmitted BOP frames and checked т 
0 1 16 received frames. The CRC generator is reset after con- 
1 0 32 trol field CRC calculation. 
1 1 64 
ECR 
2 CRCPRE —CRC Generator Preset Select. 
Error Control Register (ECR) 0 Preset CRC Generator to 0. 
7 6 5 3 2 1 0 1 Preset CRC Generator to 1 and transmit the 175 com- 
PAREN | ODDPAR | — | — | CRCCTL | CRCPRE plement of the resulting remainder. 
CR2 | CR1 ECR 


Reset value = $04 1-0 CRCSEL —CRC Polynomial Select. Selects one of the 
RC polynominals. 

The Error Control Register (ECR) selects the error detection 

method used by the MPCC. 


1 0 
CR2 СН1 Polynominal 

0 0 

1 

0 

1 


ECR X16 + x12 + х5 + 1 (CCITT V.41) 
7 PAREN  —Parity Enable. (ASYNC, ISOC and СОР 0 x16 + х15 +х2 + 1 (CRC-16) 
only). 1 х8 +1 (VRC/LRC)* 
0 Disable parity generation/checking. 1 Not used. 
| Enable рату generation/checking. *VRC: Одд-рату check is performed on each 


character including the LRC character. 
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INPUT/OUTPUT FUNCTIONS 
MPU INTERFACE 


Transfer of data between the MPCC and the system bus involves 
the following signals: 


Н68561 Н68560 
Address Lines А1-А4 А0-А4 
Data Lines р0--015 20-07 
Read/Write RW RW 
Data Transfer Acknowledge DTACK DTACK 
Chip Select Cs cs 
Data Strobes UDS and 1.05 DS 


Figures 10 and 11 show typical interface connections. 


Read/Write Dperation 


The R/W input controls the direction of data flow on the data bus. 
CS (Chip Select) enables the MPCC for access to the internal 
registers and other operations. When CS is asserted, the data 
VO buffer acts as an output driver during a read operation and 
as an input buffer during a write operation. CS must be decoded 
from the address bus and gated with address strobe (AS). 


When the R68561 is connected to the 16-bit bus for operation 
in the word mode (WD/BYT - 1 in the PSR2), address lines 
А1-А4 select the internal register(s) (the 8-bit control/status 
registers are accesed two at a time and the 16-bit data registers 
are accessed on even address boundaries). When the MPCC is 
selected (CS low) during a read (R/W high), 16 bits of register 
data are placed on the data bus when the data strobes (LDS and 
005) are asserted. LDS strobes the eight data bits from the even 
numbered registers to the lower data bus lines (20-07) and UDS 
strobes the eight data bits from the odd numbered registers to 
the upper data bus lines (08-015). The МРСС asserts Data 
Transfer Acknowledge (DTACK prior to placing data on the data 
bus. Conversely, when the MPCC is selected (CS low) during 
a write (RAW low) LDS and UDS strobe data from the 20-07 
and D8-D15 data bus lines into the addressed even and odd 
numbered registers, respectively, and the MPCC asserts DTACK. 
DTACK is negated when CS is negated. Figures 12 and 13 
show the read and write timing relationships. 


When the R68560 is connected to the 8-bit bus for operation in 
the byte mode (WD/BYT - 0 in the PSR2), address lines A0-A4 
select one internal 8-bit register. When the MPCC is selected (CS 
low) during a read (R/W high), eight bits of register data are placed 
on data bus lines 00-07 when the data strobe (DS) is asserted. 
When the MPCC is selected (CS low) for a write (R/W low), DS 
strobes data from the DO-D7 data lines into the selected register. 


DMA INTERFACE 


The MPCC is capable of providing DMA data transfers up to 2 
Mbytes per second when used with the MC68440 or MC68450 
DMAC in the single address mode. Based on 4 Mb/s serial data 
rate and 5 bits/character, the maximum DMA required transfer 
rate is 800 Kbytes per second. 


The MPCC has separate DMA enable bits for the transmitter and 
receiver, each of which requires a DMA channel. Both the 
transmitter and receiver data are implicitly addressed (TDR or 
RDR) therefore addressing of the data register is not required 
before data may be transferred. Communication between the 
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MPCC and the DMAC is accomplished by а two-signal 
request/acknowledge handshake. Since the MPCC has only one 
acknowledge input (DACK) for its two DMA request lines, an 
external OR function must be provided to combine the two DMA 
acknowledge signals. The MPCC uses the R/W input to 
distinguish between the Transmitter Data Service Request (TDSR 
acknowledge and the Receiver Data Service Request (RDSR) 
acknowledge. 


Receiver DMA Mode 


The receiver DMA mode is enabled when the RDSREN bit in the 
RCR is set to 1. When data is available in the RxFIFO, Receiver 
Data Service Request (RDSR) is asserted for one receiver clock 
period to initiate the MPCC to memory DMA transfer. The next 
RDSR cycle may be initiated as soon as the current RDSR cycle 


is completed (i.e., а full sequence of РАСК, DS, and DTC). 


In response to RDSR assertion, the DMAC sets the R/W line to 
write, asserts the memory address, address strobe, and DMA 

acknowledge. The MPCC outputs data from the RxFIFO to the 
data bus and the DMAC asserts the data strobes. The memory 
latches the data and asserts DTACK to complete the data transfer. 
The DMAC asserts DTC to indicate to the МРСС that data transfer 
is complete. Figure 13 shows the timing relationships for the 
receiver DMA mode. 


RDSR is inhibited when either RDSREN is reset to 0 or RRES 
is set to 1 (both in the RCR), or when RESET is asserted. 


Transmitter DMA Mode 


The transmitter DMA mode is enabled when the TDSREN bit in 
the TCR is set to 1. When the TxFIFO is available, Transmitter 
Data Service Request (TDSR) is asserted for one transmitter clock 
period to initiate the memory to MPCC ОМА transfer. The next 
TDSR cycle may be initiated as soon as the current TDSR cycle 
is completed. 


In the transmitter DMA mode, the TxFIFO Is implicitly addressed. 
That is, when the transfer is from memory to the TxFIFO, only 
the memory is addressed. In response to TDSR assertion, the 
DMAC sets the R/W line to read, asserts the memory address, 
the address strobe, the data strobes and DMA acknowledge. The 
memory places data on the data bus and asserts DTACK. Data 
is valid at this time and will remain valid until the data strobes 
are negated. The DMAC asserts DTC to ir dicate to the MPCC 
that data is available. The MPCC loads the Јата into the TxFIFO 
on the negation (rising edge) of DS and the transfer is complete. 
A timing diagram for the transmitter DMA Mode is shown in 
Figure 15. 


TDSR is inhibited when either TDSREN is reset to 0 or TRES 
is set to 1 (both in the TCR), or when RESET is asserted. 


DONE Signal 


When the DMA transfer count is exhaustec! in transmitter DMA 
mode, the DMAC asserts DONE which sets the TLAST bit in the 
TCR to indicate that the last word/byte has been transferred. In 
the receiver DMA mode, DONE is asserted by the MPCC when 
the last character of the frame/block is being transferred from the 
RxFIFO to the data bus if the DONEEN bit is set to a 1 in the RCR. 
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INTERRUPTS 


If an interrupt generating status occurs and the interrupt is 
enabled, the MPCC asserts the IRQ output. Upon receiving IACK 
for the pending interrupt request, the MPCC places an interrupt 
vector on DO-D7 data bus and asserts DTACK. 


The MPCC has three vector registers: Receiver Interrupt Vector 
Number Register (RIVNR), Transmitter Interrupt Vector Number 
Register (TIVNR), and Serial Interrupt Vector Number Register 
(SIVNR). The receiver interrupt has higher priority over the 
transmitter interrupt, and the transmitter interrupt has priority over 
the serial interface interrupt. For example, if a pending interrupt 
request has been generated simultaneously by the receiver and 
the transmitter, the Receiver Interrupt Vector Number (RIVN) is 
placed оп 00-07 when acknowledged by the MPU. Upon com- 
pletion of the first interrupt request cycle (which clears the receiver 
interrupt), IRQ will remain low to start the transmitter interrupt 
cycle. IRQ is negated by clearing all bits set in a status register 
that could have caused the interrupt. 


A timing diagram for the interrupt acknowledge sequence is 
shown in Figure 15. 


SERIAL INTERFACE 


The MPCC is a high speed, high performance device supporting 
the more popular bit and character oriented data protocols. The 
lower speed asynchronous (ASYNC) and isochronous (ISOCH) 
modes are also supported. An on-chip clock oscillator and baud 
rate generator provide an output data clock at a frequency of DC 
to 4 MHz. The clock can also be used in the ASYNC mode to 
provide a receive clock for the incoming data. The serial inter- 
face consists of the following signals: 


RTS (Request to Send) Output 


The RTS output to the DCE is controlled by the RTSLVL bit in 
the SICR in conjunction with the state of the transmitter section. 
When the RTSLVL bit is set to 1, the RTS output is asserted. 
When the RTSLVL bit is reset to O, the RTS output remains 
asserted until the TxFIFO becomes empty or the end of the 
message (or frame), complete with CRC code if any, has been 
transmitted. RTS also is negated when the RTSLVL bit is reset 
during transmitter idle, or when the RESET input is asserted. 


CTS (Clear to Send) Input 


The CTS input signal is normally generated by the DCE to indi- 
cate whether or not the data set is ready to transmit data. The 
CTST bit in the SISR reflects the transition status of the CTS input 
while the CTSLVL bit in the SISR reflects the current level. A 
positive transition on the CTS pin asserts IRQ if the CTS IE bit 
in the SIER is set. The CTS input in an inactive state disables 
the start of transmission. 


DCD (Data Carrier Detect) Input 


The DCD input signal is normally generated by the DCE and indi- 
cates that the DCE is receiving a data carrier signal suitable for 
demodulation. The DCDT bit in the SISR reports the transition 
status of the DCD input while the DCDLVL bit in the SISR con- 
tains the current level. A positive transition on the DCD pin asserts 
the IRQ output if the DCD IE bit in the SIER is set. A negated 
DCD input disables the start of the receiver. 
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DSR (Data Set Ready) Input/RSYN Output 


The DSRT input from the DCE indicates the status of the local 
set. The DSRT bit in the SISR contains the transition status of 
the DSR input while the DSRLVL bit in the SISR reports the 
current level. A negative transition on the DSR pin asserts the 
IRQ output if the DSR IE bit in the SIER is set. 


When the RSYN bit in the RCR is set to 1, the frame synchroniza- 
tion signal (RSYN) in the receiver is output on the DSR pin. In 
this mode, DSR output low indicates detection of SYN in BSC 
or COP, or an address match in BOP. 


DTR (Data Terminal Ready) Output 


The DTR output is general purpose in nature and can be used 
to control switching of the DCE. The DTR output is controlled by 
the DTRLVL bit in the SICR. 


TxC (Transmitter Clock) Input/Output 


The transmitter clock (TxC) may be programmed to be input or 
an output. When the TCLKO control bit in the CCR is set to a 
1, the TxC pin becomes an output and provides the DCE with 
a clock whose frequency is determined by the internal baud rate 
generator. When the TCLKO control bit is reset, TxC is an input 
and the transmitter shift timing must be provided externally. The 
TxD output changes state on the negative-going edge of the 
transmitter clock. In the asynchronous mode when TCLKO = 0 
in the CCR, the TxC input frequency must be two times the 
desired baud rate. 


TxD (Transmitted Data) Output 


The seríal data transmitted from the MPCC is coded in NRZ or 
NRZI (zero complement) data format as selected by the NRZI con- 
trol bit in the SICR. 


RxC (Receiver Clock) Input 


The receiver latches data on the negative transition of the RxC. 


RxD (Received Data) Input 


The serial data received by the MPCC can be coded in NRZ or 
NRZI data format. The MPCC will decode the received data in 
accordance with the NRZI control bit setting in the SICR. 


Serial Interface Timing 


The timing for the serial interface clock and data lines is shown 
in Figure 18. The MPCC supports high speed synchronous opera- 
tion. As shown, the TxD output changes with the negative-going 
edge of TxC and the received data on RxD is latched on the 
negative edge of RxC. This assures high speed two-way opera- 
tion between two МРСС$ connected as shown in Figure 17. 


For low speed operation between the MPCC and a modem or 
RS-232C Data Communications Equipment (DCE), an inverter can 
be used in the TxC output lines as shown in Figure 17. RS-232 
and RS-423 (covering serial data interface up to 100K baud) 
require that data be centered + 25% about the negative-going 
edge of the RxC. This criteria is met for frequencies up to 1.25 
MHz using the inverter. Use of the inverter also allows MPCC 
to MPCC operation up to 2.17 MHz. 
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SERIAL COMMUNICATION MODES 
AND PROTOCOLS 


ASYNCHRONOUS AND ISOCHRONOUS MODES 


Asynchronous and isochronous data are transferred in frames. 
Each frame consists of a start bit, 5 to 8 data bits plus optional 
even ог odd parity, and 1, 172, ог 2 stop bits. The data character 
is transmitted with the least significant bit (LSB) first. The data 
line is normally held high (MARK) between frames, however, a 
BREAK (minimum of one frame length for which the line is held 
low) is used for control purposes. Figure 4 illustrates the frame 
format supported by the MPCC. 


Asynchronous Receive 


In the asynchronous (ASYNC) mode, data received on RxD occurs 
in three phases: (1) detection of the start bit and bit synchro- 
nization, (2) character assembly and optional parity check, and 
(3) stop bit detection. The receiver bit stream may be synchro- 
nized by the internal baud rate generator clock or by an external 
clock on RxC. When RCLKIN in the CCR is set to 0, an external 
clock with a frequency of 16, 32, or 64 times the data rate 
establishes the data bit midpoint and maintains bit synchroniza- 
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tion. The character assembly process does not start if the start 
bit is less than one-half bit time. Framing and parity errors are 
detected and buffered along with the character on which errors 
occurred. They are passed оп to the RxFIF(O and set appropriate 
status bits in the RSR when the character with an error reaches 
the last RxFIFO register where it is ready to be transferred onto 
the data bus via the RDR. 


Isochronous Receive 


In the isochronous (ISOC) mode, a 1 times clock on RxC is 
required with the data on RxD and the serial data bit is latched 
on the falling edge of each clock pulse. The requirement for the 
detection of a valid start bit, or the beginning of a break, is satisfied 
by the detection of a high-to-iow transition on the serial data input 
line. Error detection and status indication are the same as the 
asynchronous mode. 


Asynchronous and Isochronous Transmit 


In asynchronous and isochronous transmit modes, output data 
tansmission on TxD begins with the start bit. This is followed by 
the data character which is transmitted LSB first. If parity genera- 
tion is enabled, the parity bit is transmitted after the MSB of the 
character. 


ASYNCHRONOUS FRAME FORMAT 


START LBS 


= 


ISOCHRONOUS FRAME FORMAT 


pic eae ee SS emi pec 
DATA | і і і 
-—-L---X4-—-—- ql 


5 TO 8 BITS 


cep 
| | | || | 
balls. 
MSB PARITY | STOP 
| (ОРТ) (1, 1%, OR 2 BITS) 


“TOLLS 


x прен. qu m 


fe a ak el LLL. 
MSB PARITY | STOP 
(ОРТ) (1 OR 2 BITS) 


5 ТО 8 BITS — 


Figure 4. Asynchronous and Isochronous Frame Format 
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SYNCHRONOUS MODES 


In synchronous modes, a one-times clock is provided along with 
the data. Serial output data is shifted out and input data is latched 
on the falling edge of the clock. 


BIT ORIENTED PROTOCOLS (BOP) 


In bit oriented protocols (BOP), messages (data) are transmitted 
and received in frames. Each frame contains an opening flag, 
address field, control field, frame check sequence, and a closing 
flag. A frame may also contain an information field. (See Figure 5). 


The opening flag is a special character whose bit pattern is 
014111110. К marks the frame boundaries and is the interframe 
fill character. The address field of a frame contains the address 
of the secondary station which is receiving or responding to a 
command. The address field may be one or more bytes long. The 
address field can be extended by setting the ADDEX bit to a 1 
іп PSA1. In this case, the address field will be extended until the 
occurrence of an address byte with a 1 in bit 0. Up to two bytes 
of the address field may be automatically checked when the 
MPCC is programmed to be a secondary station in ВОР. Ап 
automatic check for global (11111111) or null (00000000) address 
is also made. The control field of one or two bytes is transparent 
to the MPCC and sent directly to the host without interpretation. 


The optional information field consists of 8-bit characters. Cyclic 
redundancy checking is used for error detection and the CRC 
remainder resulting from the calculation is transmitted as the 
frame check sequence field. For BOP, the polynomial X16 + Х!2 
+ X5 + 1 (CRC-CCITT) should be used, i.e., selected in the 
CRC SEL bits in the ECR. The registers representing the 
CRC-CCITT polynomial are generally preset to all 1s, and the 1s 
complement of the resulting remainder is transmitted. (See 
X.25 Recommendation.) 


Zero insertion/deletion is employed to prevent valid frame data 
from being confused with the special characters. A 0 is inserted 
by the transmitter after every fifth consecutive 1 in the data stream. 
These inserted zeros are removed by the receiver to restore the 
data to its original form. The inserted zeros are not included in 
the CRC calculation. 


The end of the frame is determined by the detection of the closing 
Flag special character which is the same is the opening Flag. 


With the control options offered by the MPCC, commonly used 
bit oriented protocols such as SDLC, HDLC and X.25 standards 
can be supported. Figure 6 compares the requirements of these 
options. 


BOP Receiver Operation 


In BOP, the receiver starts assembling characters and accumu- 
lating CRC immediately after the detection of a Flag. The receiver 
also continues to search for additional Flag, or Abort, characters 
on a bit-by-bit basis. Zero deletion is implemented in the Receiver 
Shift Register after the Flag detection logic and before the CRC 
circuitry. The receiver recognizes the shared flag (the closing flag 
for one frame serves as the opening flag for the next frame) and 
the shared zero (the ending 0 of a closing flag serves as the begin- 
ning O of an opening flag forming the pattern 
"011111101111110." 


Character assembly and CRC accumulation are stopped when 
a closing Flag or Abort is detected. The CRC accumulation in- 
cludes all the characters between the opening Flag and the clos- 
ing Flag. The contents of the CRC register are checked at the 
close of a frame and the C/PERR bit in the RSR is updated. The 
FCS and the Flag are not passed on to the RxFIFO. 


If the Flag is a closing flag, checks for short frame (no control 
field) and CRC error conditions are made and the appropriate 
status is updated. When an Abort (seven 1s) is detected, the re- 
maining frame is discarded and the RA/B bit is set in the RSR. 
When a link idle (15 or more consecutive 1s) is detected, the RI- 
DLE status bit is set in the RSR. The zeros that have been inserted 
to distinguish data from special characters are detected and 
deleted from the data stream before characters are assembled. 
The MPCC programmed as a secondary station provides 
automatic address matching of up to two bytes. If there is no 
address match, the receiver (secondary station) ignores the 
remainder of the frame by searching for the Flag. If there is a 
match, the address bytes are transferred to the RxFIFO as they 
are assembled. 


FLAG ADDRESS CONTROL INFORMATION FCS FLAG 
01111110 10RN 10R N BYTES 2 BYTES 01111110 
BYTES 2 BYTES (OPTIONAL) 
Figure 5. Bit Oriented Protocoi (BOP) Frame Format 

ВМ SOLS FRAME FORMAT 

FLAG ADDRESS CONTROL INFORMATION ЕС5 FLAG 

01111110 1 BYTE 1 BYTE N BYTES 2 BYTES 01111110 
L ].— | 
ADCCP/HDLC FRAME FORMAT 

FLAG ADDRESS CONTROL INFORMATION FCS FLAG 

01111110 N BYTES 10R N BYTES 2 BYTES 01111110 

2 BYTES —1i 


Figure 6. 
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For the control field, one or two bytes аге assembled and passed 
on to the RxFIFO depending on the state of the extended con- 
trol field bit. 


If the CFCRC bit in the ECR is set to 1, an intermediate CRC 
check will be made after the address and control field. The Frame 
Check Sequence is still calculated over the remainder of the 
frame. 


BOP Transmitter Operation 


In BOP, the TxFIFO can be preloaded through the TDR while 
the transmitter is disabled (TEN = 0 in the TCR). When the 
transmitter is enabled (TEN = 1 in the TCR), the leading Flag 
is automatically sent prior to transmitting data from the TxFIFO. 
The TDRA bit is set to 1 in the TSR as long as TxFIFO is not 
full. if an underrun occurs, the TUNRN bit in the TSR is set to 
а 1 and an Abort (11111111) is transmitted followed by continuous 
Flags or marks until a new sequence is initiated. 


The TLAST bit in the TCR must be set prior to loading the last 
character of the message to signal the transmitter to append the 
two-byte Frame Check Sequence (FCS) following the last 
character. If the transmitter DMA mode is selected (the ТОЗВЕМ 
bit set to 1 in the TCR) the TLAST bit is set by the DONE signal 
from the DMAC. 


A message may be terminated at any time by setting the TABT 
bit in the TCR to 1. This causes the transmitter to send an Abort 
character followed by the remainder of the current frame data 
in the TxFIFO. 


The serial data from the Transmitter Shift Register is continuously 
monitored for five consecutive 1s, and a O is inserted in the data 
stream each time this condition occurs (excluding Flag and Abort 
characters). 


CRC accumulation begins with the first non-Flag character and 
includes all subsequent characters. The CIRC remainder is 
transmitted as the FCS following the last data character. If the 
CTLCRC bit in the ECR is set to 1, an intermediate CRC 
remainder is appended after the Address and Control field. The 
final Frame Check Sequence is calculated over the balance of 
the frame. 


BISYNC (BSC) 


The structure of messages utilizing the IBM Binary Synchronous 
Communications (BSC) protocol, commonly called Bisync, is 
shown in Figure 7. The MPCC can process both transparent and 
nontransparent messages using either the EBCDIC or the ASCII 
codes. The CRC-16 polynomial should be selected by setting the 
appropriate CRCSEL bits in the ECR for both transparent and 
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non-transparent EBCDIC and for transparent ASCII coded 
messages. VRC/LRC should be selected for non-transparent 
ASCII coded messages. BSC messages are formatted using 
defined data-link control characters. Data-l:nk control characters 
generated and recognized by the MPCC are listed in Table 4. 


Table 4. BSC Control Sequences—inciusion 
in CRC Accumulation 


ASCII _ _EBCDIC 

Command | Byte 1 | Byte 2 | Command | Byte 1 | Byte 2 
SYN 16* - SYN 32" - 
ЗОН 01 -- SOH 01 — | 
STX 02 - STX 02 - 
ЕТВ 17 - ЕОВ (ЕТВ) 26 - 
ЕТХ 03 - ЕТХ 03 - 
ЕМО 05 - ЕМО 20 - 
DLE 10 - DLE 10 - 
ІТВ ТЕ — ITB ЈЕ - 
ЕОТ 04 — EOT 37 — 
ACK N* 10 30-37 | АСКО 10 70 
NAK 15 — ACK 1 10 61 
WACK 10 38 NAK 3D — 
RVI 10 3C WACK 10 68 

d RVI _ 10 j 7C 

Note: "Programmable 


A heading is a block of data starting with an SOH and containing 
one or more characters that are used for message control (e.g., 
message identification, routing, and priority). The SOH initiates 
the block-check-character (BCC) accumulation, but is not included 
in the accumulation. The heading is terminated by STX when it 
is part of a block containing both heading and text. A block con- 
taining only a heading is terminated with an ITB or an ETB 
followed by the BCC. Only the first SOH or STX in a transmis- 
Sion block following a line turnaround causes the BCC to reset. 
АП succeeding STX ог ЗОН characters are .ncluded in the ВСС. 
This permits the entire transmission (excluding the first SOH or 
STX) to be block-checked. 


The text data is transmitted in complete un ts called messages, 
which are initiated by STX and concluded with ETX. A message 
can be subdivided into smaller blocks for еазе in processing and 
more efficient error control. Each block starts with STX and ends 
with ETB (except for the last block of a message, which ends with 
ETX). A single transmission can contain any number of blocks 
(ending with ETB) or messages (ending with ЕТХ). An EOT foliow- 
ing the last ETX block indicates a normal end of transmission. 
Message blocking without line turnaround can be accomplished 
by using ITB (see the Additional Data Link Capabilities section, 
IBM GA 27-3004-2). 


LEADING PAD SYN SYN 


1 BYTE 1 BYTE 1 BYTE 
(AR1) (AR2) (AR2) 


BODY BCC TRAILING 
PAD 


11111111 


Figure 7. BSC Block Format 
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зејашеха 3241104 әбеѕѕәд 2S8 `8 элмбы 


NOLLV1ND V9 228 Woud азаплоха ang. 1X31 LN38VdSNVU. 
t X 
ма ЭМ avd 
-MOTIO | 228 хіз ‚ала NAS ала їха1 Х15 ала NAS NAS 5NIQY31 
| - { 
ІЕ--о8 мазаплом — loa NI азаплэм 398 15534 
1X31 аму ONIQV3H 1N38VdSNVHINON 
t t i— 
ауа эм avd 
-MO1104 399 хіз ixai NAS 1x31 Х15 ONIGVSH HOS NAS NAS омауат 
| te = i— + 
|.— ова Ni aaanton—+| | — 998 м азаплом ——}— ooa 18584 
A'INO ONIQV3H 
t 
avd ом avd 
-MOTIOS 399 813 омауан HOS NAS NAS омауа 


| | | 4 zl | 


|-—— ова м agzantont +994 19539 


:$ 33018 1X31 аму ЭМАУЗН 


A1N3W39031MON9OV 3ALLVO3N 


r^ T 

avd ом avd 
-M01103 AYN NAS МАЗ омахал 

at. 
LNAW3D03 IMONNOV SALLISOd 

avd ом avd 

-MOTIO4 олду, NAS NAS омауз1 
lt 
мош22а185 ЧО 9NITIOd 

ауа ом! avd өмі avd 

-MOTIO4 ома 55анаау МА5 NAS -MOTIO4 108 NAS NAS омауз1 
mi | -— 


18320718 3SNOdS3U/10H1NOO 
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Two modes of data transfers are used in BSC. In non-transparent 
mode, data fink control characters may not appear as text data. 
In transparent mode, each control character is preceded by a data 
link escape (DLE) character to differentiate it from the text data. 
Table 5 indicates which control characters are excluded in the 
CRC generation. All characters not shown in the table are included 
in the CRC generation. Figure 8 shows various formats for 
Control/Response Blocks and Heading and Text Blocks. 


Tabie 5. BSC Controi Sequences -- Inclusion 
in CRC Accumulation 


E included in CRC Accumulation 

Character of Sequence Yes No 

TSYN — DLESYN 

TSOH — DLESOH 

TSTX* — DLESTX 

TETB ETB DLE 

TETX ETX DLE 

TDLE (DLE)DLE DLE(DLE) 
“К not preceded within the same block by transparent heading 

information. 


BSC Receiver Operation 


Character length defaults to eight bits in BSC mode. When ASCII 
is selected, the eighth bit is used for parity provided that VRC/LRC 
polynomial is selected. Character assembly starts after the receipt 
of two consecutive SYN characters. Serial data bits are shifted 
through the Receiver Shift Register into the Serial-to-Parallel 
Register and transferred to the RxFIFO. The RDA status bit iri 
the RSR is set to 1 each time data is transferred to the RxFIFO. 
The SYN character in non-transparent mode and DLE-SYN pairs 
in transparent mode are discarded. 


The receiver starts each block in the non-transparent mode. It 
switches to transparent mode if a block begins with a DLE-SOH 
or DLE-STX pair. The receiver remains in transparent mode until 
a DLE-ITB, DLE-ETB, DLE-ETX or DLE-ENQ pair is received. 
BCC accumulation begins after an opening SOH, STX, or DLE- 
STX. SYN characters in non-transparent mode or DLE-SYN pairs 
in transparent mode are excluded from the BCC accumulation. 
The first DLE of a DLE-DLE sequence is not included in the BCC 
accumulation and is discarded. The BCC is checked after receipt 
of an ITB, ETB, or ETX in non-transparent mode or DLE-ITB, DLE- 
ETB, Пі Е-ЕТХ in transparent mode. Ка CRC error is detected, 
the C/PERR and EOF bits in the RSR are set to 1. If no error 
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is detected only the EOF bit is set. If the closing character was 
ап ITB, BCC accumulation and character assembly starts again 
on the first character foliowing the BCC. 


BSC Transmitter Operation 


BSC transmission begins with the sending of an opening pad 
(PAD) and two sync (SYN) characters. These characters are pro- 
grammable and stored іп AR1(PAD) апа AR2(SYN). ЗОН or STX 
initiates the block-check-character (BCC) accumulation. An initial 
SOH or STX is not included in the BCC accumulation. Should 
an underrun condition occur, the content of AR2 (normally SYN 
character) is transmitted until new characters become available. 
The message is terminated by the transmission of the BCC 
followed by a closing pad when an ETB, ITB, or ETX is fetched 
from the TxFIFO. The closing PAD is generated by the MPCC. 


In transparent mode, the BCC accumulation is initiated by DLE- 
STX and is terminated by the sequences DLE-ETX, DLE-ETB, 
or DLE-ITB. See Table 5 for character sequence and inclusion 
in CRC accumulation. If an underrun occurs, DLE-SYN characters 
will be transmitted until new characters are available in the 
TxFIFO, ETC, ETX, ITB, or ENQ with a TLAST tag is treated as 
а control character and the MPCC automatically inserts а DLE 
immediately preceding these characters, DLE-ETB, DLE-ETX, 
DLE-ITB, or DLE-ENQ terminates a block of transparent text, and 
returns the data link to normal mode. BCC ceneration is not used 
for messages beginning with characters other than SOH, STX, 
DLE-SOH, or DLE-STX. On all message types, if the TSYN bit 
is set to 1 in the TCR, а SYN-SYN (DLIE-SYN sequence on 
transparent messages) sequence is transmitted before the next 
character is fetched from the TxFIFO. 


CHARACTER ORIENTED PROTOCOLS 


The character oriented protocol (COP) option uses the format 
shown in Figure 9. It may be used for various character oriented 
protocols with 5-8 bit character sizes and optional parity check- 
ing. The input data is checked on a bit-by-bit basis for a pair of 
consecutive SYN characters to establish character synchroniza- 
tion. These SYN characters are discarded after detection. The 
PAD and SYN characters may be 5-8 bits icng and are user рго- 
grammable as stored in AR1 and AR2, respectively. 


If parity checking is enabled the characters assembled after 
character sync are checked for parity errors. № STRSYN is set 
in the RCR, all SYN characters detected within the message will 
be discarded and will not be passed on to the RxFIFO. if STRSYN 
15 reset, SYNs detected within the message will be treated as data. 


LEADING PAD SYN SYN | MESSAGE 
5-8 BITS 5-8 BITS 5-8 BITS 5-8 BIT CHARACTERS —— 
(AR1) (AR1) (AR2) | 


Figure 9. Character Oriented Protocol Format 
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a < 
ва к 
o! x| | x] р x 
OPE] Eyal el x ш 


А1-А23 


00-015 
RAV 
(55/05 


SYSTEM CLOCK 


{200} 


(EVEN) CLK 


CLOCK 
osc 
NOTE: UDS MAY BE TIED LOW (GROUND). 
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Figure 10. Typical Interface to 68000-Based System 
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09589H 
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077899 


АЧОЙ ЗЧ 


ЕҒАМА 


800995 
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a //////, МА 


ОТАСК 


00-015 =. ( 


МОТЕЗ: 

1. BYTE MODE WHEN CONNECTED ТО А0 ОМ 68008 BUS. 

2. WORD MODE WHEN CONNECTED TO UDS ON 68000 BUS. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM А LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 12. MPCC Read Cycle Timing 


DTACK 


20-015 


МОТЕ5: 

1. BYTE MODE WHEN CONNECTED ТО Ao ON 68008 BUS. 

2. WORD MODE WHEN CONNECTED TO UDS ON 68000 BUS. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM А LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 13. МРСС Write Cycle Timing 
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INTERNAL se eee 
RECEIVER / МУ 2 
CLOCK Sonera? 


(BAUD RATE) 


RDSR HIGH FOR 1 CLOCK 
мо PERIOD MINIMUM 


"----- ASSERTED FOR 1 CLOCK CYCLE — 


DACK 


LDS/DS 
UDS/A0? 


00-015 


R/W 


DTC 


NOTES: 

1. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS UNLESS OTHERWISE NOTED. 

2. WORD MODE ONLY. 


Figure 14. MPCC to Memory DMA Transfer Cycle Timing (Receiver DMA Mode) 
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INTERNAL 
TRANSMITTER 
CLOCK 

(BAUD RATE) 


HIGH FOR 1 CLOCK 
PERIOD MINIMUM 


TDSR 


ASSERTED FOR 1 CLOCK CYCLE 


DACK uuu. ЕЕЕ УСЕ ЕЕ 


05/05 
UDS/A02 


p21) 1-2 


А 


DONE 


NOTES: 
1. TIMING MEASUREMENTS ARE REFERENCED ТО AND FROM А LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 


OF 2.0 VOLTS UNLESS OTHERWISE NOTED. 
2. WORD MODE ONLY. 


Figure 15. Memory to MPCC DMA Transfer Cycle Timing (Transmitter DMA Mode) 
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TA | ; i 
cK cE E шы ш шшш ы б қы 
ОТАСК / 
ОТАСК j 
LDS/DS = 


00:07 -------------- 


INTERRUPT VECTOR 


——— 


NOTES: 

1. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 
VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 

2. IRQ IS NEGATED WHEN ALL BITS IN STATUS REGISTERS THAT COULD HAVE CAUSED THE INTERRUPT 


ARE CLEARED. 
Figure 16. interrupt Request Cycle Timing 
p-————4 ———— аа 
MDCC1 MPCC2 MPCC 1 MODEM/DCE 
pe —- Е: Е-- 
ТС р Re тіс --<(ж->| Rx TIMING (DD) 
TxD ee RxD TxD | Rx DATA (BB) 
RxC [nee moe se] TxC RxC Fe——————-— Tx TIMING (DA) 
RxD [ecce d RxD F€————— Tx DATA (BA) 
HIGH SPEED INTERFACE LOW SPEED (RS-232) INTERFACE 


Figure 17. Serial Interface 
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HIGH SPEED APPLICATION 


TxC/RxC 


ҚАР SS 


TxD/RxD 5%, 5955555555 2 KX 525552 


LOW SPEED APPLICATION (RS-232 СОМРАТІВІ Е) 


TxC 


TxD 


RxC (TxC) 


Figure 18. Serial Interface Timing 


NOTE: 
TIMING MEASUREMENTSS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 


OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 19. Serial Interface Echo Mode Timing 
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AC CHARACTERISTICS 
(Vcc = 5.0 Мас + 5%, Vss = 0 Мас, Ta = 0°C to 70°C) 


Number Parameter Symbol Min | Ма Unit 
— тен = T ш 
1 RAW High to GS, DS Low fast 1 о | ME ns 
a 2 Address Valid to CS, DS Low | wa 1 30 27 am ns 
== ———— L v 
L зо) | CS Low to ОТАСК Low terpal | 0 60 ДЕ ns 
ое erus ы ap жы m 
4) | CS, DS Low to Data Valid tsipy 0 140 ns 
5 CS, DS High to Data Invalid tsupxn | 10 JE 150 E ns 
6 | 55, 55 High to DTACK High 1 аат 0 40 ns 
| 7 1 CS, DS High to Address Invalid | (на T 20 | - 4 ns 
| 8 | CS, DS High to R/W Low tourer 20 n ns 
9 R/W Low to CS, DS Low tRLSL | о = ns 
| 4 == ша бы ма 1 Es —| 
10 CS High, DS High to R/W High tsHRH 20 - ns 
| Е р Hm E 
[ T | Data Valid to 05, DS High | амн | e | = | ns 
12 CS, DS High to Data Invalid tsHoxw 0 = ns 
| — == ЕЈ 1 + 4-— ——1 
17 DTC Low to DS High ісівн 60 — ns 
p ———- B ———c a t 
18 | РАСК Low to Data Valid, DONE Low іу | 0 140 ns 
— - 4 ~ 2 
19 DS High to Data Invalid їѕнохон 10 Г 150 ns 
t + zine ise at MES 
21 Data Valid to DS High ЈЕ tovsH” | 60 | — E ns 
T = ~ rs z = 
22 DS High to Data Invalid |_ tsHoxow 0 E sd ns 
25 [TREK Low to БТАСК Low ШАГ. o | v | ns 
26 IACK, DS Low to Data Valid tlacov 0 140 ns 
кайр - ia ES у 
27 DS High to Data Invalid нш Г 10 150 | ns 
T ume mmt oe a EE x | 
| 28 IACK High to DTACK High [м | 0 4 | n | 
30 Fi RxC and TxC Period top |: 248 | = ns 1 
31 TxC Low to TxD Delay тсіто 0 200 | ns 
T "d Ы етер 
| 32 RxC Low to RxD Transition (Hold) ! tReLRD 0 | = ns 
33 RxD Transition to RxC Low (Setup) е арас xd 30 — [ ns 
34 RxD to TxD Delay (Echo Mode) 1 ON KS = |___200 | ns 
35 R/W Low to DTACK Low (Setup) taLAL 0 - ns 
36 DACK High to DONE High taHDH Г 0 - E ns 
Note: 
1. For read cycle timing, the MPCC asserts DTACK within the MPU S4 clock low setup time requirement and establishes 
valid data (Data In) within the MPU S6 clock low setup time requirement. 
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ABSOLUTE MAXIMUM RATINGS* 


*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 


| Parameter Rating 


Thermal Resistance 
Ceramic 
Plastic 


OPERATING CONDITIONS 


Vec Power Supply 5.0V +5% 
Operating Temperature 0°C to 70°C 


DC CHARACTERISTICS 
(Voc = 5.0 Мас +5%, Vss = 0 Мас, T4 = 0°C to 70°C unless otherwise noted) 


Parameter Symbo! Test Conditions 
Input High Voltage 
All Inputs j 
input Low Voltage +0.8 У 
All Inputs 
Input Leakage Current (Му = 0 to 5.25V) 10.0 pA Vin = 0 to 5.25V 
RW, RESET, CS Усс = 0 
Three-State (Off State) Input Current (Му = 0.4 to 2.4) pA Vin = 0.4 to 2.4V 
IRQ, DTACK, 00-015 Voc = 5.0V 
Output High Voltage Vou Vgs + 2.4 - У Voc = 4.75У 
RDSR, TDSR, IRQ, DTACK, 00-015, DSR, DTR, RTS, (оло = —400нА 
TxD, Тхс Cioap = 130 pF 
BCLK Мон Vss + 2.4 - у Voc = 4.75У 
одр = 0 
Соло = 30 pF 
Output Low Voltage. Vou - 0.5 У Voc = 4.75У 
РОЗА, TDSR, IRQ, ОТАСК 00-015, DSR, DTR, RTS, подо = 3.2 mA 
TxD, TxC, BCLK, 
DONE 
Internal Power Dissipation Pint 
Input Capacitance См 
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PACKAGE DIMENSIONS 
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48-PIN CERAMIC DIP 
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т 
> 


60.35 


2.376 


2.424 


14.63 


0.576 
0.120 


0.604 
0.160 


0.015 


0.021 


0.030 


0.055 


0.100 BSC 


0.008 
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LOCAL NETWORK CONTROLLER (LNET) 


PRELIMINARY 


DESCRIPTION 


The R68802" Local Network Controller (LNET) implements the 
IEEE 802.3 CSMA/CD Access Method local network standard. 
More generally, it is designed to support a variety of loca! net- 
work designs with varying performance requirements. 


The basic function of the LNET is to execute the CSMA/CD 
algorithm, perform parallel-to-serial and serial-to-paralle! con- 
versions of the 10M bps packet data stream, and assemble and 
disassemble the packet format. In addition, the LNET provides 
the necessary asynchronous handshake signals to the 68000 
family processors, the required DMA interfaces, and the proper 
interface to the Manchester Interface (MI) component(s) used 
to connect the LNET to an IEEE 802.3 defined Media Attach- 
ment Unit (MAU). 


The controller can interface data terminal equipment to local 
networks with differing performance requirements. At the high 
end, the R68802 meets the IEEE 802.3 10M bps specification 
and supports the implementation of ISO layers one and two. For 
low cost networks, the controller can be run at greatly reduced 
data rates and inexpensive system components (drivers, cables, 
etc.) may be selected. 


The LNET controller implements a protocol known as Carrier 
Sense Multiple Access with Collision Detection (CSMA/CD), 
which allows тире Data Terminal Equipment to share the 
same communication medium without the need for a central 
arbiter of medium utilization. 


Ethernet nodes needing to transmit wait exactly 9.6 us before 
transmitting data to provide recovery time for other controllers 
and the cable itself. If a collision with another station is detected, 
the transmission is aborted and à jam signal transmitted to alert 
other nodes. Following a jam, the station waits a random amount 
of time based on a Binary Exponential Back-off algorithm before 
retransmitting. Repeated collisions result in repeated retries and 
an increase in the randomly selected time interval to improve 
trafficking. 


ORDERING INFORMATION 


Part Number 
R68802. Temperature Range: 0°С to 70°С 


Package: 
C - Ceramic 
P - Plastic 


FEATURES 


e Serial data rates as high as 10M bps 

e Compatible with a variety of 8- or 16-bit processors and DMA 

controllers 

Meets the IEEE 802.3 (as well as Ethernet") specifications for 

local networks 

Interfaces to SEEQ 8002 Manchester Code Converter (MCC) 

e Programmable interframe wait times for smaller topologies 
and lower data rates 

• CSMA/CD algorithm: 

— Wait before transmit 

—Jam on collision 

— Binary exponential backoff 

Programmable 2- or 6-byte address recognition 

Supports three modes of node self-test 

Programmable disable on reception 

32-bit CRC generation and reception 

Broadband applications 

TTL compatible /О 

40-pin DIP 

Single 5V power supply 

*R68802 is a trademark of the Rockwell international Corporation, 

"Ethernet is a trademark of the Xerox Corporation. 
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Local Network Controller (LNET) 


PIN DESCRIPTION 


Throughout the document, signals are presented using the 
terms active and inactive or asserted and negated independent 
of whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. 
R/W indicates a write is active low and a read active high. 


ASYNCHRONOUS 
B 


US 
CONTROL 


MANCHESTER 
INTERFACE 


INTERRUPT 
CONTROL 


Figure 2. LNET input and Output Signals 


D0-D15—Data Lines. The bidirectional data lines transfer data 
between the LNET and the MPU, memory or other peripheral 
device. 00-015 are used when connected to the 16-bit 68000 
bus and operating in the word mode. 00-07 аге used when соп- 
nected to the 16-bit 68000 bus or the 8-bit 68008 bus and 
operating in the byte mode. The data bus is tri-stated when CS 
is inactive. (See exceptions in DMA mode.) 


CS—Chip Select. CS low selects the LNET for programmed 
transfers with the host. The LNET is deselected when the CS 
input is inactive in non-DMA mode. CS must be decoded from 
the address bus and gated with address strobe (АЗ). 


R/W—Read/Write. R/W controls the direction of data flow 
through the bidirectional data bus by indicating that the current 
bus cycle is a read (high) or write (low) cycle. 


DTACK— Data Transfer Acknowledge. DTACK is an active 
low output that signals the completion of the bus cycle. During 
read or interrupt acknowledge cycles, DTACK is asserted by the 
LNET after data has been provided on the data bus; during 
write cycles it is asserted after data has been accepted at the 
data bus. А pull up resistor is required to maintain DTACK high 
between bus cycles. 


DS—Data Strobe. During a write (R/W low), the DS positive 
transition latches data from the external data bus lines into the 
LNET. During a read (R/W high), DS low enables data from the 
LNET onto data bus lines. 


1RQ—Interrupt Request. The active low IRQ output requests 
interrupt service by the MPU. 
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iACK—Interrupt Acknowledge. The active low ТАСК input 
indicates that the current bus cycle is an interrupt acknowledge 
cycle. When IACK is asserted the LNET places an interrupt 
vector on the lower byte (00-07) of the data bus. 


DACK—DMA Acknowledge. The DACK low input indicates 
that the data bus has been acquired by the DMAC and that the 
requested bus cycle Is beginning. 


DONE—Done. DONE is a bidirectional active low signal. The 
DONE signal is asserted by the DMAC when the DMA transfer 
count is exhausted and there is no more data to be transferred, 
or is asserted by the LNET when either the last byte of receive 
data is transferred or a collision is detected during a transmission. 


RESET—Reset. The active low, high impedance RESET input 
initializes all LNET functions. RESET must be asserted for at 
least 500 TXCLKs to initialize the LNET. 


RXREQ—Receive DMA Request. When receive data becomes 
available in the RXFIFO, АХРЕО output is asserted and held 
low for 16 (single address burst mode) DMAC cycles (16 
sequential DACK pulses) or until the end of the receive block. 
When the last data byte of the receive block is transferred, 
DONE is asserted by the LNET with the last DACK strobe and 
the negation of RXREQ. 


TXREQ—Transmit DMA Request. When the Transmitter 
Enable bit is set in Command Register 1, TXREQ output is 
asserted and held low for 16 (single address burst mode) DMAC 
cycles (16 sequential DACK pulses) or until the end of the 
transmit data block as signaled by the DMAC's assertion of 
DONE. 


MILOOP—MI Loopback. With an active MILOOP output, the 
MI shunts its LNET data-in path to its LNET data-out path, 
effectively routing the LNET TXDATA output into the LNET 
RXDATA input. 


RXDATA—Receive Data. The LNET receives serial data via 
the RXDATA input. The RXDATA input is shiftéd into the receiver 
on the positive going edge of RXCLK. 


RXCLK—Receive Clock. The free-running Receive Clock pro- 
vides the LNET with received data timing information. The pos- 
itive (low-to-high) clock transition enables an RXDATA bit into 
the LNET. 


SENSE —Carrier Sense. The active high SENSE input indi- 
cates the presence of data on the RXDATA serial input line. 


SIGQUAL—Signal Quality. The assertion of the active high 
SIGQUAL input by the MI indicates an error condition on the 
medium. During the transmission mode the LNET interprets this 
as a collision. 


TXEN—Transmit Enable. The active high TXEN output indi- 
cates to the MI that data is present on the TXDATA output. 
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TXDATA—Transmit Data. The LNET transmits seria! data оп 
the TXDATA line. The TXDATA output changes on the positive 
going edge of TXCLK. 


TXCLK—Transmit Clock. The Transmit Clock input is a free- 
running clock supplied by the MI that provides both a system 
clock and a means of shifting out serial data bit on the TXDATA 
output line. 


ISOLATE—Isolate MAU. The active low ISOLATE output is 
asserted when the Isolate bit in Command Register 1 is set to 
1 to isolate the MAU from the medium. As long as ISOLATE is 
low, the MAU is unable to transmit or receive on the medium. 


MAUAVAIL—MAU Available. When the active low MAUAVAIL 


input is asserted, the transmission algorithrn can proceed. 


MAUREQ—MAU Request. The active low MAUREQ output is 
asserted prior to transmission if MAUAVAIL is not asserted. 


Мес — Power. 5 V + 5%, 


GND —Ground. Ground. 


LNET REGISTERS 


The LNET contains three groups of registers accessible from 
the MPU bus which initialize the LNET, contro! and monitor 
LNET operation, and transfer data between the LNET and the 
MPU bus. These register groups, specific registers within each 
group, and the size, access and mode of each register are listed 
in Table 1. 


All registers, except the Mode Register, may be accessed either 
in the word or byte mode, depending on the MPU data bus 
length (8-bit or 16-bit) and the Word/Byte mode selected in bit 
4 of the Mode Register during initialization. In the word mode, 
two registers are read or written during one cycle with the least 
significant byte (00-07) accessed first. 


Table 1. LNET MPU Bus Accessible Registers 
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INITIALIZATION REGISTERS 


The initialization registers contain command information to con- 
figure the LNET for normal operation. The registers are the one- 
byte Mode Register (MR), the one-byte Interrupt Vector Number 
Register (IVNR) and the two- or six-byte Station Address Reg- 
ister (SAR). These registers must be loaded upon RESET (either 
caused by power up or initiated during normal operation) or upon 
setting of the RESET bit in Command Register 1. Any of these 
conditions reset the LNET by clearing th» Mode Register, Sta- 
tion Address Register, Command Registers and Status Regis- 
ters. The Interrupt Vector Number Register is auto-initialized to 
its default value of SOF. 


All initialization registers must be written to by the MPU instruc- 
tion sequence immediately after a reset in the manner decribed 
below even if no data is changed in a register. The number of 
bytes written depends upon the number of bytes in the Station 
Address as selected in bit 4 of the Mode Register. 


After the proper number of write cycles have been completed, 
the LNET Initialized bit in Status Register 1 is set and further 
MPU writes to the LNET will address on y Command Register 
1 or Command Register 2. А! MPU reads of the LNET after 
initialization is complete will access only Status Register 1 or 
Status Register 2. 


Initialization Procedure for 16-Bit MPU Bus 


Write cycle 1-—write the Mode byte on the lower byte of the 
data bus DO-D7. The upper byte is not used and can contain 
any data. 


Write cycle 2--write the Interrupt Vector Number on the lower 
byte of the data bus DO-D7. The upper byte is not used and can 
contain any data. 


Write cycle 3 or write cycles 3 through 5—write the one- or 
three-word Station Address (depending on the Station Address 
Size loaded into the Mode Register), least significant words first. 


Size | Reset 
B Register Group Register Name |н Bytes) Access Value Mode 
Mode Register (MR) 1 CS = L, RW = | (write one byte!) $00 | 
Initialization interrupt Vector Number Register (УМА) 1 CS =L, RW = L (write one byte?) $0Е MPU Write 
Registers GS = L, RW = L (write 1 or 3 | 
Station Address Register (SAR) 20r6 sequential words or 2 or 6 $00 
sequential bytes) 
B С а Register 1 (CRI) | 1 В т 
оттап r1(C ка AW - i 
Operating Command Register 2 (CR2) 1 GS rub RM SUE $00 | MPU: Write 
Registers Status Regi 1 Ж i 
gister 1 (SR1) 1 =. n" . 
Status Register 2 (SR2) 1 CS.—LCRIW =н 803 MPU: Read 
Data | Transmit FIFO Register File (TXFIFO) 32 TXREQ = | $XX DMA Write 3 
Buffers Receive FIFO Register File (RXFIFO) 32 1 ЯХВЕЯ =L $XX DMA Read 
Notes: 
1. Second byte of word ignored. 
2. Second byte in word mode ignored. 
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Initialization Procedure for 8-Bit MPU Bus 
Write cycle 1—write the Mode byte on the data bus. 


Write cycle 2—write the Interrupt Vector Number on the data 
bus. 


Write cycles 3 through 4 or 3 through 8—write the two- or six- 


byte Station Address (depending on the Station Address Size 
loaded into the Mode Register), least significant bytes first. 


Mode Register (MR) 


7 6 5 4 3 2 1 0 
IFWT BYTE | INTCOL | DISRX | NOLC | SAS 


The Mode Register sets conditions during initialization for use 
during normal operations. It must be the first byte written during 
initialization. All mode bits are active high, i.e., — 1. All bits are 
cleared upon RESET or setting the RESET bit to 1 in Command 
Register 1. 


MR IFWT —Interframe Wait Time 
7-5 Мо. of TXCLKs 
000 16 

001 32 

010 48 

011 64 

100 80 

101 96 

110 112 

111 | 128 

МА 


4 BYTE --Пайа Bus Byte Mode 
0 Select word mode (for use with 16-bit MPU bus). 
1 Select byte mode (for use with 8-bit MPU bus). 


MR 
3 INTCOL —Interrupt on Collision 
0 Assert only DONE оп collision. 
1 Assert IRQ and DONE on collision. 


MR 

2 DISRX —Disabie Receiver 

0 Enable receiver after each packet reception. 
1 Disable receiver after each packet reception. 


MR 

1 NOLC —No Length Count 

0 Use length count in packet format. 

1 Do not use length count in packet format. 


MR 

0 SAS  -—Station Address Size 
0 6-byte station address. 
1 2-byte station address. 


Interrupt Vector Number Register (IVNR) 


IRE БЕЗ ROM DELE ENG 


Interrupt Vector Number (IVN) 


If an interrupt condition occurs (as reported by bits in Status 
Register 1 and Status Register 2), IRQ is asserted to request 
MPU interrupt service. Upon ІАСК input assertion, the Interrupt 
Vector Number (IVN) from the Interrupt Vector Number Register 
(IVNR) is placed on the data bus (00-07). The IVN must be the 
second byte initialized during LNET initialization. The IVN is set 
to $0F upon RESET or setting the RESET bit to 1 in Command 
Register 1. 


Station Address Register (SAR) 


С ЕН ин 


Station Address 


The Station Address Register holds the Station Address for the 
Receiver Address Recognition circuitry. The Station Address 
bytes must be written to the LNET following the Interrupt Vector 
Number during the initialization sequence. Either two or six 
bytes must be written, least significant bytes first, depending on 
the Station Address Size loaded into the Mode Register. 


OPERATING REGISTERS 


The command or status registers are addressed during an MPU 
write or read, respectively, after initialization is complete as 
indicated by the LNET Initialized bit in Status Register 1. In word 
mode, both command registers are written during one write 
cycle. Command Register 1 occupies the lower byte of the word. 
Likewise, while reading the status registers in word mode, Status 
Register 1 occupies the lower byte of the word. 


COMMAND REGISTERS 


Command Register 1 (CR1) 


Command Register 1 controls the operation of the LNET. All 
command bits are active high (i.e., = 1). 


um ЕЛЕЛЕНЕ MILOOP nm 


CR1 
7 RESET —Reset 
0 Enable LNET operation. 
1 Reset LNET. 


Note: The RESET bit is automatically cleared to 0 
upon the completion of the reset sequence. This 
bit is unaffected by the RESET pin level. 
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CR1 

6 ENRX Enable Recelver after Packet Reception 

0 Disable receiver after packet reception. 

1 Enable receiver after packet reception. This bit must be 
зе! after each packet is received to enable reception of 
the next packet only if bit 2 in the Mode Register is set 
at initialization. Reception of the packet clears this bit. 


Note: This bit is not used if bit 2 in the Mode Register is 
not set at intitialization. 


CR1 
5 RECALL—Receive All Packets 
0 Receive only addressed packets. The address must 
correspond to the Station Address loaded into the Sta- 
tion Address Register upon initialization. 
1 Receive all packets (regardless of address). 


CR1 
4 NOISOL —No Isolate 
0 Assert ISOLATE to the MI to request that the MAU iso- 
late itself from the medium. 
1 Negate ISOLATE to the MI to request that the MAU 
connect itself to the medium. 


CR1 
3  MILOOP—Manchester Interface Loopback Test 
0 Negate MILOOP to command MI normal operation. 
1 Assert MILOOP to command MI loopback operation. 


CR1 
2 INLOOP —Internal LNET Loopback Test 


0 Enable LNET normal operation. 
1 Enable LNET internal loopback operation. 


CR1 
1 ODDNO —Odd Number of Bytes 
0 Transmit even number of bytes in a block. 
1 Transmit odd number of bytes in a block. 


CR1 
0 ENMAU —Enable MAUREQ 
0 Negate MAUREQ. 
1 Assert MAUREQ. 


Command Register 2 (CR2) 


pepe 


Reserved for future use 
This register not presently in use. When programming, $00 
Should be written to CR2 to assure future software compatibility. 
іп byte mode, $00 must be written to this register following the 
Command Register 1 write cycle. 


STATUS REGISTERS 


The two interrupt driven status registers report the status of the 
LNET receiver and transmitter operations. Status registers cannot 
be polled, they can only be read upon interrupt service by the 
MPU. Status is reported in either discrete or encoded bits. All 
discrete (or non-encoded) status bits are active high (i.e., = 1). 
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A change in any of these status bits causes IRQ to be asserted 
(except as noted). Reading of the status registers resets the 
individual bit or encoded field that caused the IRQ assertion and 
negates IRQ (except as noted). In the byte mode, both status 
registers must be read in consecutive rea: cycles. 


Status Register 1 (SR1) 


7 6 5 
HRTBT TXSTAT 


4 3 
ODD 
SR1 


A 

7 HRTBT —Heartbeat Absent 

0 Heartbeat present. 

1 Heartbeat absent (part of the trarsmission algorithm is 
to listen for the heartbeat before posting transmit status. 
Set concurrent with the transmitter status field.). The 
Heartbeat test checks the collisior: detection circuitry by 
listening for a "ping" within seven TXCLKs after the end 
of a transmission). 


2 1 
RXSTAT 


SR1 
6-4 TXSTAT —Transmitter Status 


000 Transmitter idle. 

001 Transmit successful. 

010 Collision (Assertion of SIGQUAL within the first 512 bit 
times causes DONE, or DONE and IRG, to be asserted 
depending on the state of MR bit 3). 

011 Signal Quality error (SIGQUAL asserted after the first 
512 bit times). 

100 Transmit retry count exceeded. 

101 Transmit buffer underflow during transmission (indi- 
cates the TXFIFO emptied between the 16th data byte 
delivered for transmission and the assertion of DONE). 

110 Transmit in progress (indicates the real time activity of 
the TXDATA pin. This state does not set the IRQ bit in 
SR2 nor cause IRQ to be asserted. This bit pattern is 
not reset to the transmitter idle pattern upon reading 
5Р1. 

111 _ MAUAVAIL changed state during :ransmission. 

581 

3 ODD — — Ода Number of Receive Bytes 

0 Емеп number of bytes in the receive packet. 

1 Odd number of bytes in the receive packet. 
SR1 

2-0 RXSTAT —-Receiver Status 

000 Receiver idle. 

001 Receive successful. 

010 Minimum packet size error. 

011 Receive buffer overflow. 

100 Frame terminated on a non-byte boundary error. 

101 Frame Check Sequence (FCS) error. 

110 Receive in progress (indicates a valid address has been 


recognized and DONE has not teen asserted. This 
state does not set the IRQ bit in SR2 nor cause IRQ to 
be asserted. This bit pattern is not reset to the receiver 
idle pattern upon reading SR1. 

Reserved 
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Status Register 2 (582) 


7 6 5 4 3 2 1 
IRQ 0 INIT | MAUAVAIL COLCNT 


— 
SR2 
7 IRQ —Interrupt Request 
0 — Aninterrupt condition has not occurred and IRQ has not 
been asserted. 
1 An interrupt condition has occurred and IRQ has been 
asserted. 


Note: This bit is cleared when SR2 is read and there is 
no pending interrupt condition. 


SR2 
6 —Not used 
0 Амауз геадз 2его. 
SR2 
5 INIT —LNET Initialized 


о LNET initialization not complete. 
1 LNET initialization complete (set after the last station 
address byte has been written). 


Note: This bit is cleared upon RESET or RESET bit set 
in Command Register 1. 


SR2 

4 MAUAVAIL—MAU Available 
0 MAU is not available. 
1 MAU is available. 


Note: This bit is not cleared when SR2 is read. 


SR2 

3-0 COLCNT—Collision Count 
0000 Zero 

1111 Fifteen 


Note: Reset to zero when the enable MAUREQ bit is set 
іп СН1. If Mode Register bit З is negated the 
changing count does not generate IRQ interrupts. 


TRANSMIT DATA BUFFER (TXFIFO) 


The Transmit data buffer is a 32-byte FIFO register file (TXFIFO) 
which can be loaded only by DMA service. One half of the 
TXFIFO loads data for transmission via the DMAC; the other 
half holds data currently being transmitted out serially on 
TXDATA. When the transmitting half is empty it becomes the 
loading half and the current loading buffer becomes the trans- 
mitting Пай, if the transmitting buffer empties before the loading 
buffer is fully loaded, IRQ is asserted and the transmitter buffer 
underflow bit pattern (101) is set in Status Register 1. 


The time required to load half the transmitter buffer under DMAC 
control must be less than the time it takes to serialize out the 
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transmitting half on TXDATA. From the assertion of TXREQ to 
the end of the 16th DMAC bus cycle, no more than 128 TXCLKs 
can elapse. 


RECEIVE DATA BUFFER (RXFIFO) 


The Receive data buffer is a 32-byte FIFO register file (RXFIFO) 
which can be read only during DMA service. One half of the 
RXFIFO is a receiving buffer for the data from the Serial-to-Par- 
allel Register; the other half is a reading buffer for the data ready 
to be transferred to the MPU bus. As soon as the receiving 
buffer is full, these two halves switched roles. If the receiving 
buffer is fully loaded before the reading buffer is empty, IRQ is 
asserted and the receive buffer overflow bit pattern (011) is set 
in Status Register 1. 


The time it takes to unload the reading buffer under DMAC con- 
trol must be less than the time it takes to load the receiving 
buffer from RXDATA. The loading time is 128 RXCLKs. 


INPUT/OUTPUT FUNCTIONS 


In addition to being directly compatible with the 68000 and the 
68008 MPU's, the LNET supports DMA transfers when used 
with the 68440, 68450, AMZ9516, or AMZ8016 DMA controller. 
The LNET also provides the necessary synchronous signals for 
interfacing to the Manchester Interface device. 


MPU INTERFACE 


Transfer of data between the LNET and the system bus involves 
the following signals: Data Bus DO through D15 and control sin- 
gals consisting of НАМ, DTACK, CS, TACK, and DS. 


16-Bit MPU Interface 


When connecting the LNET to the 16-bit 68000 MPU data bus, 
the LNET DS input is connected to the bus LDS line and the 
LNET 00-015 data lines are connected to the bus DO-D15 data 
lines (see Figure 4). 


Bit 4 in the Mode Register, left in its default value of 0 during 
initialization, selects the word mode. in the word mode, a read 
of both status registers performed with one word read cycle 
transfers Status Register 1 оп 00-07 and Status Register 2 on 
D8-D15. A write to the command registers is also accomplished 
in one cycle which transfers Command Register 1 on 00-07 and 
Command Register 2 on D8-D15. 


8-Bit MPU Interface 


When connecting the LNET to the 8-bit 68008 MPU data bus, 
the DS input is connected to the bus DS line and the LNET DO- 
07 data lines are connected to the bus 00-07 data lines (see 
Figure 5). 


Bit 4 of the Mode Register set to 1 during initialization selects 
byte mode. In the byte mode, reading of the-status registers is 
performed with two consecutive byte read cycles to enable first 
Status Register 1 and then Status Register 2 onto 00-07. 
Writing to the command registers also requires two consecutive 
byte write cycles with Command Register 1 transferred first fol- 
lowed by Command Register 2. 
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Read/Write Operation 


The R/W input controls the direction of data flow on the data 
bus. 65 (Chip Select) enables the LNET for access to the 
internal registers and other operations. When CS is asserted 
the data I/O buffer acts as an output driver during a read oper- 
ation, and as an input buffer during a write operation. CS must 
be decoded from the address bus and gated with address strobe 
(AS). 


If the LNET is selected (CS = low) for a read (R/W = high), 
data is placed on the data bus from the status register when the 
DS is asserted. The LNET asserts Data Transfer Acknowledge 
(DTACK) concurrent with the output data. 


If the LNET is selected (CS = low) for a write (R/W = low), DS 
strobes data into the selected register and the LNET asserts 
DTACK immediately after DS is asserted. 


DMA INTERFACE 


During receiving or transmitting data from the MPU bus, the 
LNET asserts à receive or transmit request (HXREQ or TXREQ) 
to the DMAC. A DMA acknowledge (DACK) signal is asserted 
in response to RXREQ or TXREQ when the БМАС is ready to 
service the request. Both receive request and transmit request 
share the same DACK pin; therefore, in the case of DMAC 
devices with a DACK for each channel, they must be ORed 
together externally. 


Transmit DMA Request 


In servicing the TX REQ, the DMAC writes to the TXFIFO a byte 
or a word at atime. The TXFIFO input pointer (TIP) is advanced 
and data latches on the rising edge of DS. 


Receive DMA Request 


In servicing the RXREQ, the DMAC reads from the RXFIFO a 
byte or word at a time. Data is enabled out on the falling edge 
of DACK and the RXFIFO output pointer (ROP) is advanced on 
the rising edge of DACK. The data lines are tri-stated following 
the rising edge of DACK. 


DONE 

DONE is a bidirectional signal line to or from the DMAC. With 
the AMZ8016 and the AMZ9516, DONE auto-initializes the 
DMAC back to the start of the packet when a collision occurs 
during transmission. With the 68440, the DONE output is routed 
to the 684405 PCL input after gating with TXREQ line. For the 
68450 it is necessary for the MPU to reinitialize the DMAC on 
collision. 


INTERRUPTS 


The IRQ output asserts when there is status information avail- 
able after the completion of a transmit or receive transaction. 
The MPU grants the interrupt by asserting an interrupt acknowl- 
edge (ІАСК) signal and reads the interrupt vector when the 
LNET asserts data transfer acknowledge (ВТАСК). The sub- 
sequent negation of IACK and IRQ preceed MPU interrupt 
processing. 
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MANCHESTER INTERFACE (М!) SIGNALS 


The abbreviation MI refers to the Manchester Interface com- 
ponent(s) necessary to interface the LNET to an IEEE 802.3 
specified Media Access Unit (MAU). 


SENSE (Sense Carrier) Input 


The Ml asserts SENSE when it has detected a change in Carrier 
Sense from no carrier present to carrier present. SENSE stays 
active as long as carrier is present and is negated when the 
carrier disappears. 


ISOLATE (Isolate Message Request) Output 


The LNET asserts ISOLATE to direct the М! to send an Isolate 
message to the MAU. When ISOLATE is negated, the MI sends 
a Normal message to the MAU unless the LNET requires that 
the MAU request message be sent to permit data output. 


MAUREQ (MAU Request) Output 


The LNET asserts MAUREQ when CR 1 bit 0 is active. MAUREQ 
stays active and a MAU request message is sent until the end 
of a packet transmission. 


MAUAVAIL (MAU Available) Input 


The MI asserts MAUAVAIL when an MAU available message 
from the MAU is received. MAUAVAIL is negated when an MAU 
not available message is received from the MAU. 


SIGQUAL (Signal Quality) Input 


SIGQUAL is asserted by MI when a Signal Quality Error Mes- 
sage is received from the MAU. 


TXEN (Transmission Enable) Output 


The (МЕТ starts a transmission by assertirg TXEN and outputs 
serial data on TXDATA which is Manchester encoded by the MI. 
TXEN is active until the end of the transmission. 


RXCLK (Receive Clock) Input 

RXCLK shifts receive data into the LNET and is free running at 
10 MHz, or slower. 

TXCLK (Transmitter Clock) Input 

The TXCLK is а free running 10 MHz, or slower, clock used to 
clock data into the MI and perform operatio 15 in the transmitter. 
MILOOP (MI Loopback) Output 


The MILOÓP output signals the М! component(s) that the cur- 
rent data is a test frame and it is to be " ooped back" to the 
LNET instead of being sent to the MAU. 
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LNET FUNCTIONAL DESCRIPTION 


The LNET transmits and receives serial data on an IEEE 802.3 
CSMA/CD Access Method defined communications medium 
and transfers parallel data to and from a host system under pro- 
gram or DMA. control according to the IEEE 802.3 data link 
specification. 


Frame Format 


Serial data transfers synchronously between the LNET and the 
MI within the frame structure for data communications using 
local area network media access contro! (MAC) procedures. 
Each MAC frame, or packet, consists of eight fields: Preamble, 
Start Field Delimiter (SFD), Destination Address, Source 
Address, Length Count, Data, Pad and Frame Check Sequence 
(FSC). Figure 3 illustrates the frame format. 


The Preamble consists of seven bytes of alternating 1's and O's, 
ie., 1010... 1010. 


The Start Field Delimiter (SFD) consists of one byte of bit pat- 
tern 10101011 immediately following the Preamble pattern which 
indicates the start of a valid frame. 


The Destination and Source Addresses are either two ог six 
bytes in length. Addresses may be any one of the following 
three types: Station Address, Logical Group, or Broadcast. Log- 
ical Group and Broadcast Addresses are identified by a 1 in the 
first bit position received. The first bit of a Station Address is 0. 


The Length Count field is two bytes in length and specifies the 
Data field length (in an Ethernet application this field is the Type 
field and the Length Count field in the Mode Register must be 
initialized appropriately). 


The Data field can have a variable number of bytes. If the Data 
field is less than 46 bytes (in a six-byte address mode), or less 
than 54 (in a two-byte address mode), pad bytes are added to 
the frame on transmission to bring the overall packet size up to 
the minimum size of 72 bytes. The maximum Data field length 
must be programmed into the DMAC operating with the LNET. 


The Frame Check Sequence (FCS) field is four bytes in length. 
Frame Reception 


The Receiver consists of the following sections: Delimiter Вес- 
ognition, Receive CRC, Serial-to-Parallel Register, Receive 
Length Counter, Address Recognition, and a 32-byte FIFO reg- 
ister file (RXFIFO). These registers are all driven or loaded by 
RXCLK or a derivative. 


In the absence of serial input data from the network bus, the 
SENSE input from the МІ is inactive. The Receive Clock (RXCLK) 
is free running and the Receiver front end is idling. 


PREAMBLE START DESTINATION | SOURCE 
FIELD ADDRESS ADDRESS 
DELIMITER 


(SFD) 


LENGTH FRAME 
COUNT CHECK 
SEQUENCE 


72 BYTES MINIMUM 


The assertion of SENSE defines the beginning of a frame. The 
rising edge of RXCLK enables SENSE and concurrently the first 
Preamble bit on RXDATA to the LNET. The falling edge of 
RXCLK shifts the first bit of the Preamble into the Delimiter Rec- 
ognition logic and SENSE into the SENSE Detection logic. 
Delimiter Recognition is deferred for eight RXCLKS after the 
assertion of SENSE, to give the MI unit time to synchronize on 
the Preamble. 


If sequential zeros are detected during the time the LNET is 
searching for the double ones delimiter, the packet's reception 
is aborted. 


The Preamble bits are shifted through the Delimiter Recognition 
logic without result. As the last bit of the Delimiter is shifted in, 
an internal signal is asserted. 


The data is then routed to the Receive CRC and the Serial-to- 
Parallel Register. The Byte Alignment and Odd/Even byte mon- 
itor is initialized, and a Byte Counter is started. 


At the appropriate byte count, the first byte of Destination Address 
is converted to parallel data, and compared with the first byte 
of Station Address and loaded into the RXFIFO. 


The RXFIFO Input Pointer (RIP) is then advanced by one. The 
next byte(s) of destination and source addresses are loaded in 
the same manner. Аз the two length count bytes are sent to the 
RXFIFO they are also loaded into the Length Counter. If this 
field is non-zero it is decremented on each succeeding byte of 
the packet. 


The remainder of the first 16 bytes of the packet are loaded into 
the RXFIFO (unless the Length Counter reaches its terminal 
count or the packet terminates). 


With 16 bytes buffered, the RXFIFO is half full. RXREQ is now 
asserted, the receiving half of the buffer becomes the reading 
half, and the first 16 bytes of receive data are unloaded by 
advancing the RXFIFO Output Pointer (ROP) as a function of 
the DMAC's DACK and OS signals. Meanwhile the empty, 
receiving half, of the RXFIFO continues to fill. 


As the 32nd byte of received data is loaded, RXHEQ is asserted 
again and RIP proceeds to the just emptied reading buffer while 
DMA bus cycles unload the new reading buffer. 


The RXFIFO continues to load and unload in this manner 
throughout the duration of the packet's Data field. 


The position of RIP indicates when to load the Length Counter 
from the data stream, when to check for a valid address, when 
to assert or negate НХВЕО and to flag an overrun of the receive 
DMA service. 


ee е ө eo 


VARIABLE НО. 
OF BYTES 


Figure 3. MAC Frame Format 
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The two-byte Length Counter is located either four or twelve 
bytes (depending on the address mode) after Valid Delimiter. 
The Length Counter is decremented every eight RXCLKs. When 
the Length Counter equals zero, indicating the end of the Data 
field, RIP is disabled and RXREQ asserts long enough to unload 
the last bytes. 


In the case of a normal termination of the packet, after the last 
bytes are unloaded, ће МЕТ asserts DONE concurrent with 
the last DACK strobe and negates RXREQ. The CRC Register 
continues to calculate over the Pad and Frame Check Sequence 
fields and the Byte Alignment Checker continues to run until 
packet end. The state of the Odd/Even byte checker is latched 
at the time of the Length Counter's terminal count. 


The end of the packet is recognized as follows. The last FCS 
bit shifts in as RXCLK goes low in the normal manner. Two 
RXCLKs later the negated value of SENSE shifts іп. At the next 
rising edge of RXCLK the CRC syndrom is compared and the 
result is posted to Status Register 1 and IR is asserted. 


№, during the course of a reception, the Data byte count held 
by the system exceeds the maximum number (1500 bytes for 
Ethemet), a maximum frame size error is flagged by DONE from 
the DMAC. The LNET responds by negating RXREQ and 
clearing the status registers without generating an TRO. 


Frame Transmission 


The Transmitter consists of the following: Parallel-to-Serial Reg- 
ister, Transmit Length Counter, 32-byte Transmitter FIFO reg- 
ister file (TXFIFO), Transmit CRC Generator, Preamble and 
Delimiter Generator, Jam Generator, Interframe Delay Counter, 
and the Binary Exponential Back-Off Counter. These sections 
are all driven by TXCLK or a derivation. 


Frame transmission commences with a MPU write to Command 
Register 1 setting the Enable MAUREQ bit. The LNET responds 
by asserting Transmit DMA Request (TXREQ). Under ОМА 
control, 16 bytes are loaded from the MPU bus into the TXFIFO 
by advancing the TXFIFO Input Pointer (ПР) as а function of 
DACK and DS. The LNET then negates TXREQ until the first 
byte of this data has been serialized out. 


While the first 16 bytes are being loaded into the TXFIFO, the 
LNET is monitoring the SENSE input. Upon SENSE negation 
the Transmitter waits 96 TXCLKS (strict IEEE 802.3 or Ethemet 
application, otherwise the delay follows whatever is pro- 
grammed into Mode Register bits 5-7) and then serializes out 
the first byte of data on TXDATA if the TXFIFO is haif full (it it 
is not half full yet, the LNET returns to monitoring SENSE). If 
SENSE is active the (МЕТ waits until it is negated and then 
starts the interframe Delay Counter. 


At the terminal count of the Interframe Delay Counter the first 
preamble bits are shifted out under TXCLK control and the 
transmitter begins to monitor the SIGQUAL input. At the same 
time TXREQ is asserted again and another 16-byte data burst 
is transferred into the empty half of the TXFIFC. 


As the TXFIFO Output Pointer (TOP) advances to the first byte 
of the most recently filled half of the buffer, TXREQ is again 
asserted to reload the half just emptied. 
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Upon the assertion of the DONE input by the DMAC (at the time 
of the last byte or word transfer), the trarismitter finishes seri- 
alizing the last bytes out, zeros the TXFIFO Input Pointer (TIP) 
and serializes the contents of the CRC Recister out on TXDATA. 


№ SIGQUAL is asserted by the MI during the first 512 TXCLKS, 
the LNET assumes there has been a collision between its own 
transmission and that of another node n the network. The 
response of the LNET at its MI interface з to abort the frame 
transmission after appending a Jam signal consisting of 48 
alternating zeros and ones to it. The Jam signal is sent when- 
ever the МЕТ has successfully сопіепаес for the medium and 
then has been interrupted in its transmission during the collision 
window. 


DMA TRANSFER MODES 


The response of the LNET at its MPU/DMAC interface to a col- 
lision is prograrnmable to one of two modes in the Mode Reg- 
ister at initialization. 


This allows for the LNET to be used with DMACs of differing 
capabilities. Specifically, some DMACs пега to be reinitialized 
by the MPU if they are to restart a block transfer that has been 
aborted by a peripheral’s assertion of a DONE and an IRQ. 
Others are capable of automatically re-starting a block by them- 
selves if a DONE is detected during a trarisfer. 


Mode One: Assert IRQ plus DONE On Collision. 


Assertion of SIGQUAL during the first 512 TXCLKS after trans: 
mission begins sets the collision code (010) in the encoded 
Transmitter Status field in Status Register ` and increments the 
Collision Count field in Status Register 2 by one. Next, IRQ is 
asserted, and the Interrupt Vector Number from the interrupt 
Vector Number Register is output on the data bus when (АСК 
is asserted. 


The MPU processes the interrupt by reading the status registers 
to determine the cause of the interrupt апа "о clear the interrupt. 
The MPU then reinitializes the DMAC and reloads the first 16 
bytes of the aborted data packet into the TXFIFO. Meanwhile 
the LNET is sending the Jam signal followed by a delay interval 
determined by the Binary Exponential Back-off Counter. At the 
end of this time interval ће „МЕТ begins to t-ansmit the preamble 
and delimiter again if the TXFIFO has been reloaded with the 
first 16 bytes of the packet. if the TXFIFO has not been reloaded 
by the time the Jam signal and the back-cff delay interval are 
over, the LNET will wait for data. 


Mode Two: Assert only DONE On Collision. 


Upon the assertion of SIGQUAL during the first 512 TXCLKs, 
the LNET zeros the TIP, asserts DONE to the DMAC concurrent 
with the next DACK signal, increments the retry count and 
remains in the transmit mode (TXREQ asserted, etc.), the Jam 
is sent, and the Back-off delay is observed. In the meantime, 
16 bytes of data are loaded into the TXFIFO by the DMAC. The 
packet is then transmitted as before. 


if the MI asserts SIGQUAL after the first 512 TXCLKs, IRQ is 
asserted and the Transmitter Status field in Status Register 2 
is set to 011. 
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NOTE: Timing measurements are referenced to and from a low voltage of 
0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


Figure 6. Manchester Interface Serial Receiver Timing 


TXDATA 
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RN NAE ^ 
ао 


SIGQUAL 
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MAUREQ 


MILDDP 


ISOLATE 


NOTE: Timing measurements are referenced to and from a low voltage of 
0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


*IRQ assertion on colllsion not required—Bit 3 of the mode register 
(MR) determines whether or not IRQ asserts on collision. 


Figure 7. Manchester Interface Serial Transmitter Timing 


1-127 


———— 


R68802 | Local Network Controller (LNET) 


DO-D7/D0-D15 
NOTE: 


Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


Flgure 8. LNET Read Cycle Timing 
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Ds 

RW "br 
БТАСК 
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МОТЕ: 


Timing measurements аге referenced to and from а low voitage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


Figure 9. LNET Write Cycle Timing 
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00-07/00-015 


RW NNNNNNNN 


DONE 


NOTES: 1. Timing measurements are referenced to and from a iow voltage of 0.8 volts and a high voltage of 2.0 volts, uniess otherwise 
noted. 
2. Word mode only. 


Figure 10. LNET to Memory DMA Transfer Cycie Timing 
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TXREQ N 


00-07/00-015 


DONE (ТО LNET) 


DONE (FROM LNET) 


NOTES: 1. Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise 


ted, 
2. Word mode only. 
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Figure 11. Memory to LNET DMA Transfer Cycle Timing 
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NOTE: Timing measurements are referenced to and from а low voltage of 0.8 volts and a high voltage of 2.0 уоНв, unless 
otherwise noted. 


Figure 12. interrupt Request Сусје Timing 
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SPECIFICATIONS 


AC ELECTRICAL CHARACTERISTICS (Voc = 5.0Vdc + 5%, Vs = OVdc, Ta = 0 to 70°C) 


Митђег Characteristic Syne Min Typ Unit | 
| 1 Clock Period 90 ns 
2 Receive Clock Pulse Width | {СЕВ 45 ns =: 
ЊЕ 3 Receive Data/Sense Setup | trxs 30 ns 
4 RXDATA, Sense Hold Time | tov 20 ns 
| 5 IRQ Delay from RXCLK | tain 0 ns 
| 6 DS to IRQ Clear (Status Read) toi 50 ns = 
7 TXDATA/TXEN Delay (С, = 3528) trxo 20 ns 
| _ 8 SIGQUAL Hold Time | 0 ns 
L. 9 IRQ Delay from SIGQUAL Edge (Optional)* tiso T 0 ns 
10 МАШМ! Contro! Output Delay | {моб =: 0 ns - 
R/W High to CS, DS Low {вне 0 ns 
CS Low to DTACK Low | tivat 20 40 ns x 
C5, DS High to RW Low о NE 20 ns 
14 CS High to DTACK Tristate NEN g 20 40 ns 
p 15 CS, DS Low to Data Valid E Сару 0 ns 
16 CS, DS High to Data Invalid {енот 10 ns 
17 R/W Low to C8, DS Low | trist 0 | ns 
Г 18 CS, DS High to R/W High 1внан 20 ns 
МЕ 19 Data Valid to CS, DS High СТГ. tovsH | 100 z] ns 
20 CS, DS High to Data !nvalid tsupi 10 ns 
"e TACK Low to DTACK Low | pO fiae 20 T 40 ns 
22 TACK High to DTACK Tristate | [парат 20 i 40 ns 
23 IACK Low to Data Valid | HT 0 ns 4 
24 DS High to Data Invalid повре | 10 ns 
25 DACK Low to DONE/Data Valid. torov 0 ns | 
26 DTACK High to DONE Invalid/Data | tokoù 1 0 ns 
27 DS Low to БАСК High | {оон 0 ns =| 
28 5$ High to Data Invalid | EE tsho [s 0 P ns E 
29 Data invalid to D8 High | Трузн 65 ns 
30 Clock Low to DONE (to LNET) Low m бола 0 | ns ] 
81 External DONE Pulse Width = | teopw 70 ns 
32 DACK Low to Internal DONE Low Delay fob ‘i E 80 | ns | 
33 БАСК High to Interna! DONE High Delay m | | | 80 : ns 
Е 34 DONE Low to RXREQ High іріяхн 2 RXCLK 
35 DS High to TRQ High | + енін =p м 2 | + RXCLK 
E: — 
*IRQ assertion on collision dependent on bit 3 of mode register (MR). 
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MAXIMUM RATINGS 


Characteristics Symbol Vaiue 
Supply Voltage Усс —0.3 to +7.0V 
Input Voltage Vin —0.3 to +7.0У 
Operating Temperatures Ta О to 70°C 
Storage Temperatures Төте —55 to +150°C 


Note: 

This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields; however, 
normal precautions should be taken to avoid application of any 
voltage higher than maximum-rated voltages to this high-imped- 
ance circuit. Reliability of operation is enhanced if unused inputs 
are tied to an appropriate logic voltage level (e.g., either М55 or 
Усс). 
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THERMAL CHARACTERISTICS 


Characteristics 


Therma! Resistance 
Ceramic 
Plastic 


DC ELECTRICAL CHARACTERISTICS (Усс = 5.0Vdc + 5%, Vss = OVdc, T4 = 0 to 70°C unless otherwise noted) 


Characteristics Symbol Min Max Unit Test Conditions 


Input High Voltage Vin +2.0 Усс У 
Input Low Voltage Vic -0.3 +0.8 У 
Input_Leakage Current tin - 10 Мн = 0 to 5.25V 
R/W, RESET, CS ҺА Vec = OV 
Input Leakage Current for Three-State (Off) Irsi — Vin = 0.4 to 2.4V 
ОТАСК, 00-015 10 BA Vec = OV 
Output High Voltage Vou — Усс = 4.75V 
RXREQ, TXREQ, DTACK, +2.4 - M одр = —400 uA, Croan = 130 pF 
20-015, MILOOP, MAUREQ, ISOLATE +2.4 - у loan = —400 мА, Croan = 32 pF 
ТХЕМ, ТХОАТА +2.4 — V Поло = 0, Соло = 30 pF 
Output Low Voltage Vor Мес = 4.75У 
RXREQ, TXREQ, TXEN, ТХОАТА, ОТАСК, 00-015 - 0.5 V Поло = 3.2 mA 
MILOOP, MAUREQ, ISOLATE 
IRQ, DONE - 0.5 V lioan = 8.8 mA 
Power Dissipation Pint — 1.0 уу ТА = 25°С 
Input Capacitance Cin — 13 pF Мес = 5.0V 
Vin = ОМ 
f = 1 MHz 
Ta = 25°C 
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PACKAGE DIMENSIONS 
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R68C552 


DUAL ASYNCHRONOUS COMMUNICATIONS 
INTERFACE ADAPTER (DACIA) 


PRELIMINARY 


DESCRIPTION 


The Rockwell CMOS R68C552 Dual Asynchronous Communica- 
tions Interface Adapter (DACIA) provides an easily implemented, 
program controlled interface between 16-bit microprocessor-based 
systems and serial communication data sets and modems. 


The DACIA has an internal baud rate generator. This feature elim- 
inates the need for multiple component support circuits, a crystal 
being the only other part required. The Transmitter baud rate can 
be selected under program control to be either 1 of 15 different 
rates from 50 to 38,400 baud, or at 1/16 times an external clock 
rate. The Receiver baud rate may be selected under program con- 
trol to be either the Transmitter rate, or at 1/16 times the external 
clock rate. The DACIA is programmable for word lengths of 5, 6, 
7 or 8 bits; even, odd, or no parity; and 1 or 2 stop bits. 


The DACIA is designed for maximum programmed control from 
the microprocessor (MPU) to simplify hardware implementation. 
Dual sets of registers allow independent control and monitoring 
of each channel. The DACIA also provides a unique, program- 
mable Automatic Address Recognition mode for use in a multi- 
drop environment. 


The Contro! Register and Status Register permit the MPU to 
easily select the R68C552's operating modes and determine 
operational status. 


The Interrupt Enable Registers (IER) and Interrupt Status 
Registers (ISR) allow the MPU to control and monitor the interrupt 
capabilities of the DACIA. 


The Contro! and Format Register (CFR) permits selection of baud 
rates, word lengths, parity and stop bits as well as control of DTR 
and RTS output signals. 


The Status Register (SR) gives the MPU access to the state of 
the modem control lines, framing error, transmitter underrun and 
break conditions. 


The Compare Data Registers (CDR) hold the data value to be 
used in the compare mode. 


The IRQ Vector Register (IVR) holds the interrupt vector for use 
in the interrupt acknowledge state, or commands a Transmit 
Break and provides for parity/address recognition during Auto- 
matic Address Hecognition mode. 


ORDERING INFORMATION 


Part Number: 
R68C552 
Package: 
С = Ceramic 
P = Plastic 


FEATURES 
® Low power CMOS N-well silicon gate technology 


• Two independent full duplex channels with buffered receivers 
and transmitters. 


• Data set/modem contro! functions 


• Internal baud rate generator with 15 programmable baud rates 
(50 to 38,400) 


• Program-selectable internally or externally controlled receiver 
rate 


• Programmable word lengths, number of stop bits, and parity 
bit generation and detection 


• Programmable interrupt control 


* Programmable contro! of edge detect for DCD, DSR, ОТВ, 
RTS, and CTS 


• Program-selectable serial echo mode for each channel 

• Automatic Address Recognition mode for multi-drop operations 
• 5.0 Vdc +5% supply requirements 

• 40-pin plastic or ceramic DIP 

* Full TTL or CMOS input/output compatibility 

® Compatible with R68000 microprocessor family 
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Figure 1. Н68С552 Pin Configuration 
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INTERFACE SIGNALS 


Figure 2 shows the DACIA interface signals associated with the 
microprocessor and the modem. 


DATA BUS (00-07) 


The 00-07 pins are eight data lines that transfer data between 
ће microprocessor (MPU) and the DACIA. These lines are bidirec- 
tional and are normally high-impedance except during READ cycle 
when the DACIA is selected. 


REGISTER SELECTS (RSO, RS1, RS2) 


The three register select lines are normally connected to the proc- 
essor address lines to allow the MPU to select the various inter- 
nal registers. Table 1 shows the internal register select coding 
and identifies the abbreviations (ABBR) used throughout the text 
for each register. Table 2 summarizes the control and status 
registers and shows each bit allocation. 


READ/WRITE (R/W) 


The R/W input, generated by the microprocessor, controls the 
direction of data transfer. A high on the R/W line indicates a read 
cycle, while a low indicates a write cycle. 


CHIP SELECT (CS) 

The chip select input is normally connected to the processor 
address lines either directly or through decoders. The DACIA 
latches address and R/W inputs on the falling edge of CS and 
latches the data bus inputs on the rising edge of CS. 
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RESET (RES) 


During system initialization а low level on the RES input causes а 
RESET to occur. At this time the IER’s are sat to $80, the DTR and 
RTS lines go to the high state, the RDR register is cleared, 
the IVR is set to $0F, the compare mode is clisabled, and the CTS, 
DCD, DSR flags are cleared. No other bits are affected. 


TRANSMIT DATA (TXD1, TXD2) 


The TxD outputs transfer serial non-return to zero (NRZ) data to 
the data communications equipment (ОСЕ). The data is trans- 
ferred, LSB first, at a rate determined by the baud rate generator. 


RECEIVE DATA (RXD1, RXD2) 


The RxD inputs transfer serial NAZ data into the DACIA from the 
DCE, LSB first. The receiver baud rate is determined by the baud 
rate generator. 


CLEAR TO SEND (CTS1, CTS2) 


The CTS control line inputs allow handshaking by the transmitter. 
When CTS is low, the data is transmitted continuously. When CTS 
is high, the Transmit Data Register empty bit in the ISR is not set. 
The word presently in the Transmit Shift Register is sent normally. 
Any active transition on the CTS lines sets the CTS bit in the 
appropriate ISR. The CTS status bit in the SR reflects the cur- 
rent high or low state of CTS. 


DATA CARRIER DETECT (DCD1, DCD2) 


Thesetwo lines may be used as general purpose inputs. An active 
transition sets the DCD bit in the ISR. The DCD bit in the SR 
reflects the current state of the DCD line. 


IACK1 
LOGIC 
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IRQI а INTERRUPT 
LOGIC 
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CS 1/0 CONTROL 
RES — AND 
DTACK «4- REGISTER DTACK 
R68000 RSO SELECT LOGIC 
BUS RS1 — LoGic 


| DATA 
BUS DATA 
; ио 
BUFFER 
IE MUX 


ACIA2 
INTERRUPT 
LOGIC 
IACK2 
LOGiC 


ACIA1 
REGISTERS 
AND у. ACIA 
CONTROL CHANNEL 1 
LOGIC 
ACIA1 BAUD 
RATE SELECT 
RxC 
XTALI 
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CONTROL DSR2 
LOGIC DCD2 
CTs2 


Figure 2. DACIA interface Signals 
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DATA SET READY (DSR1, DSR2) 


These two lines may be used as general purpose inputs. An active 
transition sets the DSR bit in the ISR. The DSR bit in the SR 
reflects the current state of the DSR line. 


REQUEST TO SEND (RTS1, RTS2) 


These two lines may be used as general purpose outputs. They 
are set high upon reset. Their state may be programmed by set- 
ting the appropriate bits in the CFR high or low. The state of the 
HTS line is reflected by the RTS bit in the SR. 


DATA TERMINAL READY (DTR1, DTR2) 


These two lines may be used as general purpose outputs. They 
are set high upon reset. Their state may be programmed by set- 
ting the appropriate bits in the CFR high or low. The state of the 
DTR line is reflected by the DTR bit in the SR. 


INTERRUPT REQUEST (IRQ1, 1802) 


The IRQ lines are open-drain outputs from the interrupt control 
logic. IRQ1 is associated with ACIA1 and IRQ2 is associated with 
ACIA2. These lines are normally high but go low when one of the 
flags in the ISR is set, provided that its corresponding enable bit 
is set in the IER. 


CLOCK CIRCUIT 


The internal clock oscillator supplies the time base for the baud 
rate generator. The oscillator can be driven by a crystal or an 
external clock, or it can be disabled, in which case the time base 
for the baud rate is generated by the Receiver External Clock 
(RxC) and Transmitter External Clock (TxC) input pins. Figure 3 
Shows the three possible clock configurations. 


CRYSTAL (XTALI, XTALO) 


These pins are normally connected to an external 3.6864 MHz 
crystal used as the time base for the baud rate generator. As an 
alternative, the XTALI pin may be driven with an externally 
generated clock in which case the XTALO pin must float. 


RECEIVER CLOCK (RxC) 


This pin is the Receiver 16x clock input when the baud rate gen- 
erator is programmed for External Clock. Figure 15 shows tim- 
ing considerations for RxC. 


TRANSMITTER CLOCK (TxC) 


This pin is the transmitter 16x clock input when the baud rate 
generator is programmed for External Clock. Figure 16 shwos tim- 
ing considerations for TxC. 


Note 


When RxC and TxC are used for external clock input, 
XTALI must be tied to ground (Vss) and XTALO must be 
left open (floating). 


CLOCK OUT (CLK OUT) 


This output is a buffered output from the 3.6864 MHz crystal 
oscillator. It may be used to drive the ХТАЦ input of another 
DACIA. This allows multiple DACIA chips to be used in a system 
with only one crystal needed. CLK OUT is in phase with XTALI. 


RECEIVER 
EXTERNAL — 
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EXTERNAL 
CLOCK 
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EXTERNAL 
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EXTERNAL 


EXTERNAL 
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Figure 3. 


1-137 


DACIA Clock Generation 


В68С552 Dual Asynchronous Communications Interface Adapter (DACIA) 


TRANSMIT 
DATA 
REGISTER 


TRANSMIT 
SHIFT 
REGISTER 


TxD1 


INTERRUPT 
ENABLE 
REGISTER 


ЈАСКА 


INTERRUPT 
STATUS 
REGISTER 


C 


к STATUS 

REGISTER 

ROT -«--------- 
CONTROL/ . а МА 
ЕОВМАТ 
REGISTER —_——— ÄTS 


INTERRUPT 


E 


ACIA CHANNEL 1 
n 


ACIA1 INTERNAL DATA BUS 


RECEIVE 


COMPARE 
REGISTER 


vo 
BUFFERS 


RECEIVE RECEIVE 
DATA SHIFT 
REGISTER REGISTER 


АС! NNEL 1 
85% ERIS А СНА 
ВАТЕ тус 
BS! GENERATOR 
RS2 10 cock XTALI 
à CONTROL OSCILLATOR CLKDUT 
RA LOGIC LOGIC XTALD 
BAUD 
cs PAD RxC 
HES GENERATOR ACIACHANNEL2 а 
RECEIVE RECEIVE 
DATA SHIFT 
REGISTER REGISTER 
DTACK 
COMPARE RECEIVE 
REGISTER tog 
АСТА CHANNEL > INTERRUPT 
VECTOR 
REGISTER 
CONTROL/ RYs2 
FORMAT 
REGISTER ви DTRÀ 


iROQ2 -а-------- 


STATUS 
REGISTER 


ACIA2 INTERNAL DATA BUS 


INTERRUPT Ст52 
STATUS DSR2 
REGISTER 6682 


INTERRUPT 
ENABLE 
REGISTER 


LEGEND 
—— = COMMON LOGIC 


= CONTROL LINES 


"i 
= 8-BIT DATA LINES 
E DR 


MULTI-BIT CONTROL LINES| 


TRANSMIT 
DATA 
REGISTER 


TRANSMIT 
SHIFT 
REGISTER 


Tx02 


Figure 4. DACIA Block Diagram 
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FUNCTIONAL DESCRIPTION 


Figure 4 is a block diagram of the DACIA which consists of two 
asynchronous communications interface adapters with common 
microprocessor interface control logic and data bus buffers. The 
individual functional elements of the DACIA are described in the 
following paragraphs. 


DATA BUS BUFFER 


The Data Bus Buffer is a bidirectional interface between the 
system data lines and the internal data bus. When R/W is high and 
CS is low, the Data Bus Buffer passes data from the internal data 
bus to the system data lines. When R/Wis high, CS is high, and 
either IACK line is 3 low, the IRQ vector is passed to the system 
data bus. When ВАМ is low and С$ is low, data is brought into the 
DACIA from the system data bus. The following table summarizes 
the Data Bus Buffer states. 


Data Bus Buffer Summary 


RW а ко Data Bus Buffer State 
_ 

L L L L ILLEGAL MODE — TAI STATE 
L L L H ILLEGAL MODE — TRI STATE 
L L H L ILLEGAL MODE — TRI STATE 
L L H H WRITE MODE — TRI STATE 
L H L L ILLEGAL MODE — TRI STATE 
tL H L H ILLEGAL MODE — ТВ! STATE 
L H H L ILLEGAL MODE — TRI STATE 
L H H H TRI STATE 
H L L L ILLEGAL MODE — OUTPUT $0F 
H L L H ILLEGAL MODE — OUTPUT $0F 
H L H L ILLEGAL MODE — OUTPUT $0F 
H L H H READ MODE — OUTPUT DATA 
н н L L ILLEGAL MODE — OUTPUT $0F 
н н L H OUTPUT IRQ VECTOR 1 
H H H L OUTPUT IRQ VECTOR 2 
н H H H TRI STATE 


TRANSMIT AND RECEIVE DATA REGISTERS 


These registers are used as temporary data storage for the DACIA 
Transmit and Receive circuits. The Transmit Data Register is 
characterized as follows: 


* Bit Ois the leading bit to be transmitted. 


* Unused data bits are the high-order bits and are “доп” care" 
for transmission. 


* Write-Only Register. 


The Receive Data Register is characterized in a similar fashion 
as follows: 


* Bit 0 is the leading bit received. 

* Unused data bits are the high order bits and are “0” for the 
receiver. 

* Parity bits are not contained in the Receive Data Register, but 
are stripped off after being used for external parity checking. 
Parity and all unused high-order bits are “0”. 

* Read-Only Register 
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Figure 5 shows an example of a single transmitted or received 
data word. In this example, the data word is formatted with 8 data 
bits, parity, and two stop bits. Figure 5 also shows a single 
character transmitted or received in Address Recognition mode. 
In this example, the address or data word is 8 bits, there is no 
parity bit, and there are two stop bits. The 10th bit, (normal parity 
bit) is an address/data indicator bit. A 1 means the 8 bits are an 
address that will be compared with the address stored in the Com- 
pare Data Register. A 0 means the 8 bits are data. 


PARITY MODE 


PARITY STOP 
BIT BITS 


ADDRESS/DATA MODE 


START ADDRESS 1 STOP 
BiT OR BITS 
DATA 0 
Figure 5. Typical Data Word 
INTERRUPT LOGIC 


The interrupt logic causes the IRQ lines (РОТ or IRQ2) to go low 
when conditions are met that require the attention of the MPU. 
There are two registers (the Interrupt Enable Register and the 
Interrupt Status Register) involved in the control of interrupts in 
the DACIA. Corresponding bits in both registers must be set to 
cause an IRQ. 


INTERRUPT ENABLE REGISTER (IER) 


The Interrupt Enable Register (IER) is a write-only register that 
allows each of the possible IRQ sources to be enabled, or dis- 
abled, individually without affecting any of the other interrupt 
enable bits in the register. IRQ sources are enabled by writing 
to the IER with bit 7 set to a 1 and every bit set to a 1 that cor- 
responds to the IRQ source to be enabled. IRQ sources are 
disabled by writing to the IER with bit 7 set to a 0 and every bit 
set toa 1 that corresponds to the IRQ source to be disabled. Any 
bit (except bit 7) to which а 0 is written is unaffected and remains 
in its original state. As an example, writing $7F to the IER will 
disable all IRQ source bits, but writing $FF to the IER will enable 
all IRQ source bits. A hardware reset (RES) clears all IRQ 
source bits to the 0 state. Bit assignments for the IER are as 
follows: 


7 | 6 | 5|4 [3 
CLEAR! | ТОВ | = | ап | бев 
SET | емрту | CTS | 000 | DSR 
BITS IE 
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Table 1. DACIA Register Selection 
| REGISTER SELECT  |CONTROL& FORMAT | 
НЕХ LINES _| REGISTER BITS | REG REGISTER ACCESS 
00 L | L L — | = | НЕР INTERRUPT ENABLE INTERRUPT STATUS 
ISR1 REGISTER 1 REGISTER 1 
t— 4-- 4 — А T * 
0 == СЕНІ CONTROL STATUS 
m | i н | | | S REGISTER 1 _REGISTER 1 
1 = СЕНІ РОВМАТ INVALID 
| REGISTER 1 
= 0 CDR1 COMPARE INVALID 
DATA 
R1 
45 1 T Я | REGISTE _ 
= 1 IVR IRQ INVALID 
L mi VECTOR 1 
03 L | H H == = ТОРУ TRANSMIT DATA RECEIVE DATA 
| RDR1 REGISTER 1 REGISTER 1 
04 (Сн L L Se IER2 INTERRUPT ENABLE INTERRUPT STATUS 
ISR2 REGISTER 2 REGISTER 2 
0 = CFR2 CONTROL STATUS 
бБ ü Ў Е $А2 REGISTER 2 REGISTER 2 
1 E CFR2 FORMAT INVALID 
REGISTER 2 
ГЕ T M DA — +. 
= 0 CDR2 COMPARE INVALID 
DATA 
06 H H L REGISTER 2 
| = 1 IVR2 IRQ INVALID 
| = | | VECTOR? _ | | 
07 H H H = = TDR2 TRANSMIT DATA RECEIVE DATA 
| RDR2 REGISTER2 | REGISTER 2 
Table 2. Control and Status Registers Format Summary 
| REGISTER BIT NUMBERS REGISTER | | RES 
Жақ i "T TET, та: EI T — 
7 6 s | a з | 2 1 0 
тов | | PARITY FAM RDA INTERRUPT 
CLEAR/SET CTS DCD DSR OVR 
EMPTY ERROR FULL ENABLE $80 
BITS IE IE IE IE Е enk IE REGISTERS 
| | | E s PNIS ds + — 
a TDR CTS БСБ 558 | PARITY ҒАМ нон ШИЕЛІ 
ae EMPTY | TRANS TRANS TRANS ERROR BRK FULL REGISTERS 
| в. = 
FRAMING TRANS CTS БСБ DSA REC DTA ATS STATUS = 
ERROR UNDR STATUS | STATUS | STATUS | BREAK STATUS STATUS REGISTERS 
= L AE N 
IVR/CDR А . Я CONTROL 
0 EEG Ae ECHO BAUD RATE SELECTION Са GISTERS 
—+ і —— | AND - 
: NUMBER OF PARITY PARITY DTR RTS FORMAT 
DATA BITS SELECTION ENABLE CONTROL CONTROL REGISTERS 
7 COMPARE 
COMPARE BITS (ADDRESS RECOGNITION АТА - 
S SRECO ) REGISTER 
s RR | Е ж 4d | — 
1А МОРЕ 
IRQ VECTOR ADDRESS IRQ SOURCE 
| INTERRUPT 
В 21 Ола | | © 
TRANS PARI :GIST 
NOT-USED BRK ADDR 
| 3 T/A MODE 
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INTERRUPT STATUS REGISTER (ISR) 


The Interrupt Status Register (ISR) is a read-only register that 
identifies the current status condition for each DACIA internal IRQ 
source. Bits 6 through 0 of the ISR are set to a 1 whenever the 
corresponding IRQ source condition has occurred in the DACIA. 
Bit 7 identifies if any of the IRQ source status bits have been set 
in the ISR. 


7 | 6 5 4 3 2 1 о 
| тов | CTS | DCD | ОА |ғанттү | ОЯМ | РОВ 
ЗЕТ EMPTY | TRANS | TRANS | TRANS | ERROR BRK FULL 

Bit 7 Any Bit Set 
1 Any bit (6 through 0) has been set to a 1 
0 No bits have been set to a 1 
Bit 6 Transmit Data Register Empty (TDR EMPTY) 
1 Transmit Data Register has been transferred to 
the shift register 
0 New data has been written to the Transmit Data 
Register 
Bit 5 Transition On CTS Line (CTS TRANS) 
1 A positive or negative transition has occurred on 
CTS 
0 Notransition has occurred on CTS, or ISR has 
been read 
Bit 4 Transition On DCD Line (DCD TRANS) 
1 A positive or negative transition has occurred on 
DCD 
0 No transition has occurred on DCD, or ISR has 
been read 
Bit 3 Transition On DSR Line (DSR TRANS) 
1 A positive or negative transition has occurred on 
DSR 
0 No transition has occurred on DSR, or ISR has 
been read 
Bit 2 Parity Error 
1 A parity error has occurred in received data 
0 No parity error has occurred, or the Receive 
Data Register (RDR) has been read 
Bit 1 Frame Error, Overrun or Break (FRM, OVR, 
BRK) 
1 A framing error, receive overrun, or receive 
break has occurred 
0 No error, overrun, break has occurred or RDR 
has been read 
Bit 0 Receive Data Register Fuii (RDR FULL) 
1 Shift register data has been transferred to 
Receive Data Register 
0 Receive Data Register has been read 
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INTERRUPT VECTOR REGISTER (IVR) 


The DACIA nas two Interrupt Vector Registers which are write-only 
registers. By storing the appropriate vector address number in bits 
7 through 2 of the IVR, the DACIA will place the vector on the data 
bus when requested by the JACK signal. In this mode, bits 1 and 0 
identify the source of the IRQ. 


Note: In order for the IVR Vector Address to be recognized, bit 6 
of the CFR must be a 1. 


During the Transmit Receive mode, bits 7 through 2 are not used 
and are treated as ‘‘don’t саге” bits. In this mode, bits 1 and 0 
are used for Transmit Break and Parity/Address recognition. 


Writing a 1 to bit 1 of the IVR causes a continuous Break to be 
transmitted by the ACIA associated with the register. Writing a0 to 
this bit allows normal transmission to resume. Writing a 1 to bit 0 
of the IVR commands the value of the Parity bit to be sent to the 
Parity Error bit (bit 2 of the ISR). Writing а 0 to this bit allows normal 
Parity Error recognition to be in force. When an RES is received 
bythe DACIA, both of these bits are reset to 0. The bits format for 
the IVR are as follows: 


7 6 5 4 3 2 1 0 
IRQ VECTOR ADDRESS IRQ SOURCE 
TRANS | РАР/ 
NOT USED | BRK | ADDR 
Interrupt Acknowledge Mode (IA Mode) 
Bits 7-2 IRQ Vector Address 
Bit1 {ВО Source Channel 
1 ACIA1 selected 
0 ACIA2 selected 
Bit 0 IRQ Source 
1 Other IRQ (CTS, DCD, DSR, Parity, Break, OV) 
0 Transmit or Receive IRQ 
Transmit/Receive Mode (T/R Mode) 
Bits 7-2 Not used (don’t care) 
Bit 1 Transmit Break (TRANS BRK) 
1 Transmit continuous Break until disabled 
0 Resume normal transmission 
Bit 0 Parity/Address Recognition (PAR/ADDR) 
1 Send value of parity to ISR bit 2 (Address 
Recognition mode) 
0 Return to normal Parity Error recognition mode 


COMPARE DATA REGISTER 


The Compare Data Register (CDR) is a write-only register which 
can be accessed when CFR bit 6 = 0. By writing a value into the 
CDR, the DACIA is put in the compare mode. In this mode, set- 
ting of the ВОЋЕ bit is inhibited until a character is received which 
matches the value in the CDR. The next character is then received 
and the RDREF bit is set. The receiver will now operate normally 
until the CDR is again loaded. 
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STATUS REGISTER (SR) 


The Status Register (SR) is a read-only register that provides І/О 
status and error condition information. The SR is normally read 
after an IRQ has occurred to determine the exact cause of the 
interrupt condition. 


D 


7 6 5 4 3 2 1 0 
FRAMING|TRANS! CTS | DCD | DSR | REC | ОТА | RTS 
ERROR | UNDR [STATUS | STATUS | STATUS |BREAK| STATUS | STATUS 


Bit 7 Framing Error 
1 A framing error occurred in receive data 
0 No framing error occurred, or the RDR was 
read 
Bit 6 Transmitter Underrun (TRANS UNDR) 
1 Transmit shift register is empty and TDRE bits 
in IER and ISR аге set 
0 A write to the TDR has occurred 
Bit 5 CTS Status 
1 CTS line high 
0 CTS line tow 
Bit 4 DCD Status 
1 DCD line high 
0 DCD line low 
Bit 3 DSR Status 
1 DSR line high 
0 DSR line low 
Bit 2 REC Break 
1 A Receive Break has occurred 
0 No Receive Break occurred, ог ВОН, was read 
Bit 1 DTR Status 
1 DTR line high 
0 DTR line low 
Bit 0 RTS Status 
1 RTS line high 
0 RTS line low 


CONTROL AND FORMAT REGISTER (СЕВ) 


The Control and Format Register (CFR) is a dual-function, write- 
only register which allows control of word length, baud rate, con- 
trol line outputs, parity, echo mode, and compare/IVR access. 
When the CFR is written to with bit 7 = 0, the CFR functions as 
a Control Register. When the CFR is written to with bit = 1, the 
CFR operates as a Formal Register. 


Control Register (CFR Addressed with Bit 7 = 0) 


7 | 6 5 а | 3 2 1 0 
мо. 
0 |IVR/CDR | STOP | ECHO BAUD RATE SELECTION 
BITS 
Bit 6 IVR/CDR 
1 Access the IRQ Vector Register (IVR) 
0 Access the Compare Data Register (CDR) 
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А ооо 


Bit 5 Number of Stop Bits 
1 Two stop bits 
0 One stop bit 


Echo Selection (ECHO) 
1 Echo activated 
0 Echo deactivaled 


=-=- соо оо —- -- 0 0 00 IN 


Baud Rate Selection 
Baud Rate 
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Format Register (CFR Addressed with Bit 7 = 1) 


7 | ве 5 [4 з [2 | : 0 
1 ЕЯ PARITY | РАМТУ | ОТВ RTS 
BITS SELECTION | ENABLE | CONTROL | CONTROL 
Bits 6-5 Number of Data Bits Per Channel 
6 5 No. Bits 
оо 5 
01 6 
10 7 
11 8 
Bits 4-3 Parity Mode Selection 
43 Selects 
00 Odd Parity 
0 1 Even Parity 
10 Mark Parity 
1 1 Space Parity 
Bit 2 Parity Enable 
1 Parity as specified by bits 4-3 
0 No Parity 
Bit 1 DTR Control 
1 DTR high 
0 ОТЕ low 
Bit 0 RTS Control 
1 RTS high 
0 RTS low 
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OPERATION 


The ten modes (or conditions) of operation of the DACIA are: 
• Continuous Data Transmit 

• Continuous Data Receive 

• Transmit Underrun Condition 
• Effects of CTS on Transmitter 
• Effects of Overrun on Receive 
• Echo Mode Timing 

* Framing Error 

* Transmit Break Character 

* Receive Break Character 

* Automatic Address Mode 


CONTINUOUS DATA TRANSMIT 


In the normal operating mode, the TDRE bit in the ISR signals 
the MPU that the DACIA is ready to accept the next data word. 
An IRQ occurs if the corresponding TDRE IRQ enable bit is set 
in the IER. The TDRE bit is set at the beginning of the start bit. 
Whenthe MPU writes a word tothe TDR the TDRE bitis cleared. 
In order to maintain continuous transmission the TDR must be 
loaded before the stop bit(s) are ended. Figure 6 shows the rela- 
tionship between IRQ and TxD for the Continuous Data Transmit 
mode. 


we #n CHAR di *1 


CHAR fn +2 CHAR #n + 3 


| 8 lde! d STOP; START STOP; START STOP, 
| 
Аа 
PROCESSOR MUST 
LOAD NEW DATA 
PROCESSOR PROCESSOR IN THIS TIME 
INTERRUPT READS INTERVAL OTHERWISE, 
(TRANSMIT DATA 158, CAUSES CONTINUOUS “МАЯК” 
REGISTER EMPTY) IRQ TO CLEAR 15 TRANSMITTED 


Figure 6. Continuous Data Transmit 


CONTINUOUS DATA RECEIVE 


Similar to the continuous data transmit mode, the normal receive 
mode sets the ВОНҒ bit in the ISR when the DACIA has received 


a full data word. This occurs at about the 9/16 point through the 
stop bit. The processor must read the RDR before the next stop 
bit, or an overrun error occurs. Figure 7 shows the relationship 
between IRQ and RxD for the continuous Data Receive mode. 


CHAR #n CHAR m +1 


СНАЯ m +2 СНАЯ m +3 


START Vd ! START 


а 


IRQ PROCESSOR 
INTERRUPT OCCURS 
ABOUT 9/16 INTO 
LAST STOP BIT 
PARITY OVERRUN, 
AND FRAMING ERROR 
UPDATED ALSO 


PROCESSOR READS 
158, CAUSES 
IRQ TO CLEAR 


„Ек ЕТЕ ВТА ЕЕ]. SET ЕТЕ]. RETI 


STOR, START 


STORI START STOP; 


PROCESSOR MUST READ 
RECEIVER DATA IN THIS 
TIME INTERVAL, OTHERWISE 
OVERRUN OCCURS 


Figure 7. Continuous Data Receive 
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TRANSMIT UNDERRUN CONDITION flag is set. This condition persists until the TDR is loaded with a 


If the MPU is unable to load the TDR before the last stop bit is new word. Figure 8 shows the relation between IRQ and TxD for 
sent, the TxD line goes to the MARK condition and the underrun the Transmit Underrun Condition. 


CHAR #n CONTINUOUS “MARK” CHAR л +1 CHAR m +2 
| қ 


ТЕ EE 1 BEL EET, St). ET 


STOP) START STOP StoP] START 


= | ИШИ сз күш pou 


MEN PROCESSOR FINALLY LOADS 


Fx NEW DATA, TRANSMISSION STARTS 
PROCESSOR READS IMMEDIATELY AND INTERRUPT 

INTERRUPT ISR, CLEARS IRQ 

а ӨРЕ: ТЕН à OCCURS, INDICATING TRANSMIT 


DATA REGISTER EMPTY 


EMPTY SET 


Figure 8. Transmit Underrun Condition Relationship 


EFFECTS OF СТОН THANSMITTER the TDRE bit in the ISR from becoming set. The word currently 


The CTS control line controls the transmission of data or the hand- in the shift register continues to be sent but any word in the TDR 
shaking of data to a “busy” device (such as a printer). When the is held until CTS goes low. At the high-to-low transition the CTS bit 
CTS line is low, the transmitter operates normally. Any transition in the ISR is again set. Figure 9 shows the relationship of IRQ, 
on this line sets the CTS bit in the ISR. A high condition inhibits TxD, and CTS for the effects of CTS on the transmitter. 


NEXT CHARACTER IS SENT IMMEDIATELY | 
UPON CTS GOING LOW IF PROCESSOR 


СНА SHAR #п +1 HAS ALREADY LOADED NEW DATA, 
TxD CONTINUOUS эк они SIHENIEE IT WAITS FOR NEW DATA. 
1]. [84 Pl PT ШЕЕ. е, M МЕХТ a БЕНЕН || в 
STOP] START STOP| CHARACTER SPART 
IS NOT SENT 


WHEN PROCESSOR 
TDRE IS NOT SET MPU FINALLY LOADS 
CLEARS NEW DATA, 
IRQ AGAIN TRANSMISSION STARTS 


на Ш Г 1WvLymene АМО 


Li INTERRUPT OCCURS, 
INDICATING TRANSMIT 
DATA REGISTER EMPTY 


IRQ 


Figure 9. Effects of CTS an Transmitter 
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EFFECTS OF OVERRUN ON RECEIVER 


If the processor does not read the RDR before the stop bit of the 
next word, an overrun error occurs, the overrun bit is set in the 


RDR contains the last word not read by the MPU and all follow- 
ing data is lost. The receiver will return to normal operation when 
the RDR is read. Figure 10 shows the relation of {ВО and RxD for 


the effects of overrun on the receiver. 


ISR, and the new data word is not transferred to the RDR. The 


EE | ШЕ 


ИР 
/ 


PROCESSOR — X CHAR #n + 2 


ы STOP] na 


SHAR #n CHAR ide +1 SUR #n+2 CHAR п +3 
ES isis т sf START 


INTERRUPT MPU DOES MPU READS IRQ. 

FOR RECEIVER NOT READ ISR CHAR £n « 1 
DATA REGISTER RDR. OVERRUN CLEARS IRQ IS LOST 
FULL BIT SET 


Figure 10. Effects of Overrun on Receiver 


ECHO MODE TIMING mal transmit mode if TDRE occurs (indicating end of data) an 
underflow flag would be set and continuous Mark transmitted. If 
Echo is initiated, the underflow flag will not be set at end of data 
and continuous Mark will not be transmitted. Figure 11 shows the 


relationship of RxD and TxD for Echo Mode. 


In the Echo Mode, the TxD line re-transmits the data received on 
the RxD line, delayed by 1/2 of a bit time. An internal underrun 
mode must occur before Echo Mode will start transmitting. In nor- 


END OF 
STOP START STOP START STOP DATA 
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IF NOT ECHO MODE 


STOP START STOP START STOP 
IF ECHO MODE, 
NO UNDERFLOW, 
THEREFORE NO 
CONTINUOUS MARK 
Figure 11. Echo Mode Timing 
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FRAMING ERROR 


Framing error is caused by the absence of stop bit(s) on received 
data. The framing error bit is set when the ВОВЕ bit is set. Subse- 
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quent data words are tested separately, so the status bit always 
reflects the last data word received. Figure 12 shows the relation- 
ship of IRQ and RxD when a framing error occurs. 


RxD 
(EXPECTED) 


STOP 


RxD 
(ACTUAL) 


| 


NOTES: 1. FRAMING ERROR DOES NOT 
INHIBIT RECEIVER OPERATION. 


2. IF NEXT DATA WORD 1$ OK, 
FRAMING ERROR IS CLEARED. 


STOP STOP START 


STOP „START 


Те 5 Te To Te Te ИТ 
a mr 


STOP STOP START 


TIT АСЗ ССС ССТ СЭС Аса КАС 


STOP | STOP START 


2 


Шо 


MISSING 

STOP PROCESSOR 

BIT INTERRUPT, 
FRAMING 
ERROR 
BIT SET 


Figure 12. Framing Error 


TRANSMIT BREAK CHARACTER 


A Break may be transmitted by storing a value of $00 in the IER. 
After storing zero in the IER the Break is transmitted immediately. 
Care should be exercised so that a character in transmission is 
not disturbed inadvertently. The Break level lasts until other than 


$00 is stored in the IER at which time a stop bit is sent and 
transmission may resume. At least one fu.| word time of Break 
will be sent regardless of the length of time between starting and 
stopping the Break character. Figure 13 shows the relationship 
of IRQ and TxD for a Transmit Break character. 


STOP | START STOP | START 


B, 


по [ГВ] [e elt mos љута ft 


s | ] owe 0 
IRQ PERIOD DURING 


L. | WHICH PROCESSOR 

----------->|-- SELECTS 
CONTINUOUS 
“BREAK” MODE 

NORMAL 

INTERRUPT 


__ ~ 
в] РТ LL fed 
STOP [START 
ог 1 
POINT АТ wen ~ д 


STOP STOP | START 


PROCESSOR PROCESOR 
SELECTS INTERRUPT 
NORMAL TO LOAD 
TRANSMIT TRANSMIT 
MODE DATA 


Figure 13. Transmit Break Character 


1-146 


R68C552 


RECEIVE BREAK CHARACTER 


In the event that a Break character is received by the receiver, 
the Break bit is set. The receiver does not set the RDRF bit and 
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remains in this state until a stop bit is received. At this time the 
next character is to be received normally. Figure 14 shows the 
relationship of IRQ and RxD for a Receive Break Character. 


р CONTINUOUS “BREAK” STOP — 
ко ТЕ erena n [Це] [Уе 
-- 57Р | START 77 sToP| | START 5100 | START 
IRO ' 
RG он 
| |- MORE N NO INTERRUPT | 
SINCE RECEIVER. NORMAL 
РНОСЕ55ОН processor INTERRUPTS DISABLED UNTIL RECEIVER 
FOR INTERRUPT FIRST STOP BIT INTERRUPT 
RECEIVER WITH BREAK AND FRAMING ERROR BIT SET. 
DATA REGISTER EVEN PARITY CHECK WILL ALSO GIVE A PARITY 
FULL ERROR BECAUSE ALL ZEROS (CONTINUOUS 
BREAK) REPRESENT EVEN PARITY. 


Figure 14. Receive Break Character 


AUTOMATIC ADDRESS RECOGNITION 


The DACIA offers a unique solution to the standard problem 
associated with multi-drop environment UARTs and communica- 
tion interface controllers. In the standard configuration used by 
other devices, the slave CPU must be constantly interrupted to 
analyze incoming characters on the communications net to deter- 
mine if an address word is present and if so, does that address 
match the address assigned to the slave UART. This CPU inter- 
rupt scheme can become intolerable in very large multi-drop net- 
works because every slave on the communications net must 
“wake-up” it's CPU for every character sent down the network 
by the master. The end results is that the CPUs on the com- 
munications net are constantly being interrupted for the mundane 
task of address recognition. 


To avoid this constant CPU interrupt problem, the DACIA has 
been designed to do address comparison and recognition inter- 
nally without the need for CPU intervention. Therefore, the slave 
CPU is not interrupted until the DACIA has determined that the 
character sent over the communications net by the master was 
an address and the address matched the address stored in the 
DACIA Compare Register. At this point the DACIA interrupts the 
CPU, goes out of Compare Mode, and receives the string of 
characters being transmitted by the master, (i.e., the data 
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characters). When all data has been received by the slave, it's 
CPU must again write the slave address into the DACIA Compare 
Register which automatically puts it back into the Compare Mode, 
waiting for another address character. 


GENERATION OF NON-STANDARD BAUD RATES 


Divisors 


The internal counter/divider circuit selects the appropriate divisor 
for the crystal frequency by means of bits 0-3 of the CFR Control 
Register, as shown in Table 4. 


Generating Other Baud Rates 


By using a different crystal, other baud rates may be generated. 


These can be determined by: 


Baud Rate - Crystal Frequency 

Divisor 
Furthermore, it is possible to drive the DACIA with an off-chip 
oscillator to achieve other baud rates. In this case, XTALI (pin 3) 
must be the clock input and XTALO (pin 4) must be a nonconnect. 
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Table 4. Divisor Selection 


Control 1 
Register Divisor Selected Baud Rate Generated Baud Rate Generated 
Bits For The With 3.6864 MHz with a Crystal 

3 2 1 0 Internal Counter | Crystal 1 of Frequency (f) 
0 0 0 0 m 73,728 (3.6864 x 10%/73,728 = 50 1/73,728 
0 0 0 1 33,538 (3.6864 х 10%/33,528 = 109.92 | 7 33,538 | 
0 0 1 о | 27,408 (3.6864 х 10*)/27,408 = 134.58 ] 7 27,408 
0 0 1 1 24,576 (3.6864 x 10%/24,576 = 150 124,576 
0 1 0 0 12,288 (3.6864 х 10°/12,288 = 300 1 7 112,288 
0 1 0 1 iz 76,144 (3.6864 х 10%/6,144 = 600 1 7 (6,144 
0 1 1 0 3,072 (3.6864 х 109/3,072 = 1,200 ^ 1/3072 
0 1 1 1 "2,048 | (3.6864 х 10%/2,048 = 1,800 || $12,048 =| 
1 о 0 o 1,536 (3.6864 x 10%/1,536 = 2,400 || 771,536 
1 0 0 1 1,024 (3.6864 x 10°/1,024 = 3,600 171,024 
700071006 _ 768 | (8.6864 x 10%/768 = 4,800 | 77 1/768 
1 0 1 1 512 (3.6864 x 105/512 = 7,200 1512 
1 1 0 0 384 | (3.6864 х 10%/384 = 9,600 | ШИГ! 
1 1 0 "| 192 | (3.6864 х 10%/192 = 19,200 |: |. $92 _ 
1 1 1 0 96 (3.6864 x 10%/96 = 38,400 | ~ 1/96 
1 1 1 1 16 TxC/16 = Baud Rate ог RxC/16 = Baud Rate 
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Figure 15. DACIA External Clock Timing — Receive Data 


———— 16 CLOCK PULSES ———— —— -— — — —4 


—— | 


“ЖОҒ БЕН a 


TxD TRANSMIT DATA 
= oot ие amet 


Figure 16. DACIA External Clock Timing — Transmit Data 
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RSO-RS2 


DACIA Read Cycle Timing 


DATA 
(20-57) 


ОТАСК 


DACIA Write Cycle Timing 
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аеры а аса са 


XTALI ( ) : 


RTS, DTR X 


DACIA Transmit/Receiver Timing 


DACIA Interrupt Acknowledge Timing 
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SPECIFICATIONS 


AC CHARACTERISTICS 
(Мес = 5 Мас + 5%, Va; = 0 Мас, Т, = T, to Ty, unless otherwise noted) 
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Number Characteristic Symbol Min. Max. Unit 
READ/WRITE TIMING 
| 1 ВАМ, RSO-RS2 Valid to CS Low (Setup) {нус 0 - ns 
2 (Hold Time] А$0-А$2 Read terav 65 — ns 
3 | CS Low to Data Valid {сіру — 100 ns 
4 CS High to DTACK High tontH - 10 ns 
5 | Data Valid to CS High tovon 20 — ns 
6 CS High to Data Invalid (Read) tonpz 10 30 ns 
7 C8 High to Data Invalid (Write) енг? - 40 ns 
8 | CS Low to DTACK Low (Write) teur. 0 - ns 
9 Data Valid to БТАСК Low (Read) іруті. 0 - ns 
TRANSMIT/RECEIVE TIMING 
10 Transmit/Receive Clock Rate (су 250 - ns 
11 Transmit/Receive Clock High ton 100 — ns 
12 Transmit/Receive Clock Low ti 100 — ns 
13 XTALI to TxD Propagation Delay ето - 250 ns 
14 ХТАЦ to IRQ Propagation Delay (сир - 250 ns 
15 CTS, DCD, DSR мана to IRQ Low ун - 150 ns 
B 16 24 ТАС Propagation Delay (Clear) tirac — 150 ns 
17 RTS, DTR Propagation Delay {ВОРО — 150 ns 
INTERRUPT ACKNOWLEDGE TIMING 
18 TACK Low to Data Valid ру - 100 ns 
19 TACK Low to DTACK Low tere 0 - ns 
20 TACK High to DTACK High бнтн 0 - ns 
21 TACK High to Data Invalid ћног 10 30 ns 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter | Symbol | Value Unit 
Supply Voltage Vec – 0.3 (0 +7.0 Мас | 
Input Voltage Vin ~0.3 to Мос +0.3 | Мас 
Output Voltage Vout ~0.310 Мос +0.3 | Мас 
Operating Temperature ТА °С 
Commercial 010 +70 
Industrial – 40 10 +85 
Storage Temperature Tera – 5510 + 150 °c 
OPERATING CONDITIONS 
Parameter Symbol Value 
Supply Voltage Vec 5V + 5% 
Temperature Range Ta 
Commercial 0 to 70°C 
Industrial 


– 40°C to +85°C 


DC CHARACTERISTICS 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress ratirig only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating co ditions for extended 
periods may affect device reliability. 


(Vec = 5.0 V +5%, Vss = 0, TA = T, to Ty, unless otherwise noted) 


Parameter Symbol Min Typ Max Unit | Test Conditions 

Input High Voltage Мн M | 
Except XTALI and XTALO +2.0 - Мсс + 0.3 
ХТАЏ and XTALO +24 - Мес + 0.3 

—+ —+ += X 4 

Input Low Voltage Vit M 
Except XTALI and XTALO -0.3 - +0.8 
XTALI and XTALO -0.3 - %0.4 

E ене — { 

Input Leakage Current . іш ҺА Vin = OV to 5.0V 
R/W, RES, RSO, RS1, RS2, RxD, CTS, DCD, DSR, АХС, - 10 50 Усс = 5.25V 
TxC, CS, АСК 

Бұ T 

Input Leakage Current for Three-State Off а рА Vin = 0.4V to 2.4V 

00-07 - +2 10 Мсс = 5.25V 
x xe IL— Ue Т 

Output High Voltage Vou +2.4 — - V Мс = 4.75V 

00-07, TxD, CLK OUT, RTS, DTR 1.5 — - lioap = — 100 дА 


Output Low Voltage 
00-07, TxD, CLK OUT, RTS', DTR 


4- L 


- Em +0.4 у Voc = 4.75\ 
одр = 1.6 тА 


Notes: 
1. All units are direct current (dc) except for capacitance. 


Output Leakage Current (Off State) lorr | 1 | pA Мс = 5.25V 
IRQ, OTACK - і2 %10 Морт = 010 2.4\ 
Power Dissipation Pp — - 10 mW/MHz 
Input Capacitance Т См Vec = 5.0V 
Except XTALI and XTALO - - 5 рЕ Vin = OV 
XTALI and XTALO - — 10 pF f = 2 MHz 
А "| i ТА = 25°C 
Output Capacitance Cour — 10 РЕ 


2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. Typical values are shown for Усс = 5.0V and Т, = 25°C. 
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PACKAGE DIMENSIONS 


40-РІМ CERAMIC DIP 1 


ом 

А [50.29 | 61,31 [1.980 [2.020 
В [1486 | 15.62 [0.585 [0.615 
C | 254] 419 [0.100 [0.165 
Го 0.38 | 0.53 [0.015 [0.021 
0.76 | 1.20 [0.030 [0.055 


0.165 
14.60 | 15.37 |0.575 | 0.605 


40-PIN PLASTIC DIP [ [MILLIMETERS] INCHES 
ом | мім | MAX | MIN | MAX 
А |51.28 | 52.32 [2.040 | 2.060 
V | 13.72 | 14.22 [0.540 [0.560 
C | 3.55 | 5. :140 [0.2001 
D | 0,36] 0.51 |0. 
1 02 | 1-5 2 Қ К 
2.54 BSC Ў 


mE Б 7% 109 7 10° 
p 0.51 | 1.02 [0.020 | 0.040 
-Ң<--тб hep 
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R6500 MICROPROCESSOR АМО PERIPHERAI. FAMILY 
Fastest Executing, Largest Selling 8-Bit Family Now Also In CMOS 


There is no microprocessor family easier to implement 
than the R6500. It’s the fastest instruction executing 8-bit 
family. It’s software compatible with a family of single-chip 
microcomputers. It’s available in NMOS and CMOS 
versions. It has a wide variety of CPUs and peripheral 
controllers and versatile memory-l/O-timer combinations. 

In the 8-bit range, nothing gives higher performance than 
this third generation microprocessor family. Pipeline 
architecture provides much faster instruction execution 
(1изес). Thirteen address modes provide the most efficient 
ways of addressing memory. R6500 peripherals are system 
oriented, designed to implement systems with minimum 
chips. 

And now, it’s available in CMOS, for even higher speed, 
low power applications—the R65CO0 family. It’s now 
possible to move complete product and system designs 
directly into CMOS, being downward software compatible 
with the NMOS R6500 family. 


Millions of Units 


1980 


780 6800 8060/85|R6502 280 6800 8060/85|R6502 
FamilyFamily | Family 


Because of its inherent characteristics, the advanced 
Rockwell CMOS provides low power consumption, high 
noise immunity and high speed operation Its 2 MHz CPU 
dissipates only 40 mW (compared to 700-800 mW in NMOS) 
and requires only 10 „A standby current. Instructions can 
be executed in only 500 nanoseconds. Instruction memory 
requirements are 2096 less due to added bit manipulation 
features. And, there are even more advantages. 

The entire 8-bit R6500 family is upward compatible with 
the 16-bit R68000 bus, software compatibie to the R6500/* 
single-chip microcomputers and are the building blocks for 
the RM 65 module family and AIM 65 board microcomputer 
families, for a wide range of system applications. There's no 
wonder it's one of the world's largest selling families of 
microprocessors, as documented by Datacjuest. (See below) 


Ч 8.23 


\ М 


5800 8060/85 
FamilyFamily |Family =amily Family 


1981 1982 


Z80 


Estimated Warldwide Shipments of Multisourced 8-Bit Microprocessors 


А650Х • R651X 


N 


R650X and R651X 
MICROPROCESSORS (CPU) 


Rockwell 


DESCRIPTION 


The 8-bit R6500 microprocessor devices are produced with 
N-channel, silicon gate technology. Its performance speeds are 
enhanced by advanced system architecture. This innovative 
architecture results in smaller chips—the semiconductor 
threshold is cost-effectivity. System cost-effectivity is further 
enhanced by providing a family of 10 software-compatible 
microprocessor (CPU) devices, described in this document. 
Rockwell also provides single chip microcomputers, memory and 
peripheral devices—as well as low-cost design aids and 
documentation. 


Ten CPU devices are available. All are software-compatible. 
They provide options of addressable memory, interrupt input, 
on-chip clock oscillators and drivers. All are bus-compatible with 
earlier generation microprocessors like the M6800 devices. 


The R650X and R651X family includes six microprocessors with 
on-board clock oscillators and drivers and four microprocessors 
driven by externa! clocks. The on-chip clock versions are aimed 
at high performance, low cost applications where single phase 
inputs, crystal or RC inputs provide the time base. The external 
clock versions are geared for multiprocessor system applica- 
tions where maximum timing control is mandatory. All R6500 
microprocessors are also available in a variety of packaging 
(ceramic and plastic), operating frequency (1 MHz, 2 MHz and 
3 MHz) and temperature (commercial and industrial) versions. 


ORDERING INFORMATION 


Part Number: R65XX.. _ _ 


| Temperature Range (T, to Ти): 


No letter = 0°C to +70°C 
Е = -40°С to +85°C 
Раскаде: 
С = Ceramic 
Р = Plastic 


Frequency Range: 
No letter = 1 MHz 
А = 2 MHz 
В = З MHz 


Model Designator: 
ХХ = 02, 03, 04,...15 


FEATURES 


N-channel, silicon gate, depletion load technology 
8-bit parallel processing 

56 instructions 

Decimal and binary arithmetic 

Thirteen addressing modes 

True indexing capability 

Programmable stack pointer 

Variable length stack 

Interrupt request 

Non-maskable interrupt 

Use with any type of speed memory 

8-bit bidirectional data bus 

Addressable memory range of up to 64K bytes 
“Ready” input 

Direct Memory Access capability 

Bus compatible with M6800 

1 MHz, 2 MHz, and 3 MHz versions 

Choice of external or on-chip clocks 

On-chip clock options 

—External single clock input 

— Crystal time base input 

Commercial and industrial temperature versions 
Pipeline architecture 

Single +5V supply 


R6500 CPU FAMILY MEMBERS 


Microprocessors with Internal Two Phase Clock Generator 
Model No. Pins Addressable Memory 
R6502 40 64K Bytes 
R6503 28 4K Bytes 
R6504 28 8K Bytes 
R6505 28 4K Bytes 
А6506 28 4K Bytes 
R6507 28 8K Bytes 


Microprocessors with External Two Phase Clock Input 


Model No. Pins Addressable Memory 
А6512 40 64K Bytes 
86513 28 4K Bytes 
R6514 28 8K Bytes 
А6515 28 4K Bytes 
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INTERFACE SIGNAL DESCRIPTIONS 


CLOCKS (01, 22) 


The R651X requires а two phase non-overlapping clock that 
runs at the Усс voltage level. The R650X clocks are supplied 
with an internal clock generator. The frequency of these clocks 
is externally controlled. 


ADDRESS BUS (A0-A15, R6502) 


The address line outputs access data in mernory device loca- 
tions or cells, access data in ИО device registers and/or effect 
logical operations in МО or controller devices depending on 
system design. The addressing range is determined by the 
number of address lines available on the particular CPU device. 
The R6502 and R6512 can address 64K bytes with a 16-bit 
address bus (A0-A15); the R6504, R6507, and the R6514 can 
address 8K bytes with a 13-bit address bus (А0-А12); and the 
R6503, R6505, R6506, R6513, and R6515 can address 4K 
bytes with a 12-bit address bus (A0-A11). These outputs are 
TTL-compatible and are capable of driving one standard TTL 
load and 130 pF. 


DATA BUS (00-07) 


The data lines (00-07) form an 8-bit bidirectional data bus 
which transfers data between the CPU and memory or periph- 
eral devices. The outputs are tri-state buffers capable of driving 
one standard TTL load and 130 pF. 


DATA BUS ENABLE (DBE, R6512 ONLY) 


The TTL-compatible DBE input allows external contro! of the tri- 
state data output buffers and will enable the microprocessor bus 
driver when in the high state. In normal operation DBE is driven 
by the phase two (02) clock, thus allowing data output from 
microprocessor only during #2. During the read cycle, the data 
bus drivers are internally disabled, becoming essentially an 
open circuit. To disable data bus drivers externally, DBE should 
be held low. 


READY (RDY) 


The Ready input signal allows the user to halt or single cycle 
the microprocessor on all cycles except write cycles. A negative 
transition to the low state during or coincident with phase one 
(81) will halt the microprocessor with the output address lines 
reflecting the current address being fetched. If Ready is low 
during a write cycle, it is ignored until the following read oper- 
ation. This condition will remain through a subsequent phase two 
(82) in which the Ready signal is low. This feature allows micro- 
processor interfacing with the low speed PROMs as well as 
Direct Memory Access (DMA). 


INTERRUPT REQUEST (iRQ) 


The TTL level active-low IRQ input requests that an interrupt 
sequence begin within the microprocessor. The microprocessor 
will complete the current instruction being executed before rec- 
ognizing the request. At that time, the interrupt mask bit in the 
Processor Status Register will be examined. if the interrupt 
mask flag is not set, the microprocessor will begin an interrupt 
sequence. The Program Counter and Processor Status Register 
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are stored in the stack. The microprocessor will then set the 
interrupt mask flag high so that no further interrupts can occur. 
At the end of this cycle, the program counter iow will be loaded 
from address FFFE, and program counter high from location 
FFFF, therefore transferring program coritrol to the memory 
vector located at these addresses. The РОУ signal must be in 
the high state for any interrupt to be recogn zed. A ЗКО external 
resistor should be used for proper wire-OFt operation. 


NON-MASKABLE INTERRUPT (ММ!) 


A negative going edge on the NMI input requests that a non- 
maskable interrupt sequence be generated within the micro- 
processor, 


NMI is an unconditional interrupt. Following completion of the 
current instruction, the sequence of operat ons defined for IRQ 
will be performed, regardless of the state interrupt mask flag. 
The vector address loaded into the program counter, low and 
high, are locations FFFA and FFFB respectively, thereby trans- 
ferring program contro! to the memory vector located at these 
addresses. The instructions loaded at these locations cause the 
microprocessor to branch to a non-maskable interrupt routine 
in memory. 


NMi also requires an external ЗКО. register to Усс for proper 
wire-OR operations. 


Inputs IRQ and КМІ are hardware interrupts lines that are sam- 
pled during 02 (phase 2) and will begin the appropriate interrupt 
routine on the #1 (phase 1) following the completion of the cur- 
rent instruction. 


SET OVERFLOW FLAG (50) 


A negative going edge on the 50 input sets the overflow bit in 
the Processor Status Register. This signa’ is sampled on the 
trailing edge of $1 and must be externally synchronized. 


SYNC 


The SYNC output line identifies those cycles in which the micro- 
processor is doing an OP CODE fetch. The SYNC line goes high 
during #1 of an OP CODE fetch and stays high for the remainder 
of that cycle. If the RDY line is pulled low during the #1 clock 
pulse in which SYNC went high, the processor will stop in its 
current state and will remain in the state until the RDY line goes 
high. in this manner, the SYNC signal can be used to control 
RDY to cause single instruction execution. 


RESET (RES) 


The active low RES resets, or starts, the microprocessor from 
a power down or restart condition. During the time that this line 
is held low, writing to or from the microprocessor is inhibited. 
When a positive edge is detected on the input, the microproc- 
essor will immediately begin the reset sequence. 


After a system initialization time of six clock cycles, the mask 
interrupt flag is set and the microprocessor loads the program 
counter from the memory vector locations FFFC and FFFD. This 
is the start location for program control. 


After Vcc reaches 4.75 volts in a power up routine, reset must 
be held low for at least two clock cycles. At this time the R/W 
and SYNC signals become valid. 
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R6502 FEATURES 


64K addressable bytes of memory (АО-А15) 
IRQ interrupt 

On-chip clock 

TTL-level single phase input 

RC time base input 

crystal time base input 

SYNC signat 

(can be used for single instruction execution) 
RDY signal 

(can be used to halt or single cycle execution) 
Two phase output clock for timing of support chips 
NMI interrupt 

40-pin DIP 


Фа (OUT) 


R6503 FEATURES дай 


R/W 
оо 
оз 


4K addressable bytes of memory (A0-A11) 
On-chip clock 

IRQ interrupt 

NMI interrupt 

8-bit bidirectional data bus 

28-ріп DIP 


R6504 FEATURES 


e 8K addressable bytes of memory (А0-А12) 
• On-chip clock 

• IRQ interrupt 

e 8-bit bidirectional data bus 

e 28-pin DIP 


R6505 FEATURES 


4K addressable bytes of memory (A0-A11) 
On-chip clock 

IRQ interrupt 

RDY signal 

8-bit bidirectional data bus 

28-pin DIP 
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vss 1 RES 
R6513 FEATURES $1 (IN) C12 $2 (IN) 
о RAW 
e 4K addressable bytes of memory (A0-A1 1) NMI 3 ро 
• Two phase clock input vec СД 01 
e IRQ interrupt ^o Djs ы o3 
= ; ) 
e NMI interrupt м g "p 
e 8-bit bidirectional data bus АЗ р5 
е 28-ріп ПІР А4 гв 
А5 с7 
Аб A11 
A7 410 
АВ Ag 
vss 1 7 RES 
$1 (ІМ) C12 $2 (IN) 
АС 3 RAW 
vec C44 ро 
86514 FEATURES АО 5 21 
КАЙ А1 6 02 
• 8K addressable bytes of memory (А0-А12) A2 5 R6514 рз 
• Two phase clock input АЗ 8 D4 
e [RQ interrupt А4 D5 
а а AS 55 
• 8-bit bidirectional data bus Ав D7 
A7 A12 
A8 All 
А9 А10 
1 RES 
2 $2 (IN) 
3 R/W 
R6515 FEATURES 4 50 
5 D1 
• 4K addressable bytes of memory (А0-А11) 6 52 
• Two phase clock input 7 Ds 
• IRQ interrupt 8 04 
• RDY signal ре 
• 8-bit bidirectional data bus 57 
А11 
A10 
АЗ 
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RES 28 [5 $2 (OUT) 
vss 270 Фо (IN) 
R6506 FEATURES фл (оит) 3 26 L3 R/W 
iRa ро 
e 4K addressable bytes of memory (АО-А11) vec D1 
® On-chip clock АО D2 
e IRQ interrupt рЫ оз 
® Two phase output clock for timing of support chips АЗ 05 
® 8-bit bidirectional data bus А4 ов 
• 28-pin DIP А5 07 
Аб А11 
A7 A10 
АВ А9 
RES Cj! $2 (OUT) 
vss C12 Фо (IN) 
RDYCi3 R/W 
R6507 FEATURES мусс 4 59 
АО 
е 8K addressable bytes of memory (А0-А12) Al 52 
® On-chip clock А2 оз 
А АЗ 24 
• RDY signal А4 55 
e 8-bit bidirectional data bus А5 06 
• 28-pin DIP AG 07 
А7 А12 
АВ А11 
А9 A10 
vss RES 
RDY Ó2(O0UT) 
Ф. (IN) 5.0. 
та фә (м) * 
vss DBE 
R6512 FEATURES је N.c. 
e 64K addressable bytes of memory (A0-A15) SYNC R/W 
e IRQ interrupt мес D 
e NMI interrupt ^1 р2 
• RDY signal A2 оз 
e 8-0! bidirectional data bus Аз 04 
е SYNC signal AS D6 
• Two phase clock input Аб D7 
® Data Bus Enable A7 A15 
ni · АВ А14 
• 40-pin DIP A9 Ала 
A10 A12 
All vss 
*Pins 37 and 39 are connected internally 
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FUNCTIONAL DESCRIPTION 


The internal organization of all R6500 CPUs is identical except 
for some variations in clock interface, the number of address 
output lines, and some unique input/output lines between 
versions. 


CLOCK GENERATOR 


The clock generator develops all internal clock signals, and (where 
applicable) external clock signals, associated with the device. It is 
the clock generator that drives the timing control unit and the exter- 
nal timing for slave mode operations. 


TIMING CONTROL 


The timing control unit keeps track of the instruction cycle being 
monitored. The unit is set to zero each time an instruction fetch is 
executed and is advanced at the beginning of each phase one 
clock pulse for as many cycles as is required to complete the 
instruction. Each data transfer which takes place between the reg- 
isters depends upon decoding the contents of both the instruction 
register and the timing contro! unit. 


PROGRAM COUNTER 


The 16-bit program counter provides the addresses which step 
the microprocessor through sequential instructions in a program. 


Each time the microprocessor fetches an instruction from pro- 
gram memory, the lower byte of the program counter (PCL) is 
placed on the low-order bits of the address bus and the higher 
byte of the program counter (PCH) is placed on the high-order 8 
bits. The counter is incremented each time an instruction or data 
is fetched from program memory. 


INSTRUCTION REGISTER AND DECODE 


Instructions fetched from memory are gated onto the internal 
data bus. These instructions are latched into the instuction regis- 
ter, then decoded, along with timing and interrupt signals, to gen- 
erate control signals for the various registers. 


ARITHMETIC AND LOGIC UNIT (ALU) 


All arithmetic and logic operations take place in the ALU including 
incrementing and decrementing internal registers (except the pro- 
gram counter). The ALU has no internal memory and is usedonly to 
perform logical and transient numerical operations. 


ACCUMULATOR 


The accumulator is a general purpose 8-bi* register that stores 
the results of most arithmetic and logic operations, and in addi- 
tion, the accumulator usually contains one cf the two data words 
used in these operations. 


INDEX REGISTERS 


There are two 8-bit index registers (X and Y), which may be used 
to count program steps or to provide an index value to be used in 
generating an effective address. 


When executing an instruction which specifies indexed addressing, 
the CPU fetches the op code and the base address, and modifies 
the address by adding the index register to it prior to performing the 
desired operation. Pre- or post-indexing of indirect addresses is 
possible (see addressing modes). 


STACK POINTER 


The stack pointer is an 8-bit register used to control the addressing 
ofthe variable-length stack on page one. The stack pointer is auto- 
matically incremented and decremented under control of the micro- 
processor to perform stack manipulations under direction of either 
the program or interrupts (NMI) and IRQ). The stack allows simple 
implementation of nested subroutines and multiple level interrupts. 
The stack pointer should be initialized before any interrupts or stack 
operations occur. 


PROCESSOR STATUS REGISTER 


The 8-bit processor status register contains seven status flags. 
Some of the flags are controlled by the program, others may be 
controlled both by the program and the CPL. 
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ИШЕ 


< REGISTER SECTION CONTROL SECTION ——-» 


^o INDEX эш, r INTERRUPT 
REGISTER шм Бе 
Y 
| | | ЕЕ 
A2 INDEX 
= 
REGISTER М 
i RDY? 
A3 
ABL SYNC? 
STACK 
A4 
эш, 
oo POINT 
AS 
INSTRUCTION 
DECODE 
у а 


А7 
[_| tmine 
Г | CONTROL 
$1 (1м) 
$i 
| IT vos 
PROCESSDR 
STATUS CLOCK 
1 
REGISTER GENERATOR Фо (IN)? 
Е 
al 


ADDRESS 
Bus? 


T 
F ева $1 ure 
TCH 
A13 Кету ат 
1 Ф2(оотуз 
| | 
Ala DBEZ 
OATA BUS MM INSTRUCTION 
R 
A15 BUFFE = REGISTER 


оз DATA 
оа | Bus 


— [|||] 
LEGENO: 
ft = 8 BIT LINE 
| = 1 BIT LINE 
о? 


МОТЕ 
1. CLOCK GENERATOR IS МОТ INCLUDEO ON 86512, 86513, А6514 АМО R6515. 
2. ADDRESSING CAPABILITY АМО CONTROL OPTIONS VARY WITH EACH ОҒ 
THE CPUs. 
3. 16502, 16503, R6504, R6505, R6506 AND R6507. 
4. 86512, Н6513, R6514 AND 16515. 
5. R6512 ONLY. 
6. R6502 ONLY. 


R650X and R651X Internal Architecture 
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INSTRUCTION SET 


The R6500 CPU has 56 instruction types which are enhanced mulator, index registers, Program Counte”, Stack Pointer and 
by up to 13 addressing modes for each instruction. The accu- Processor Status Register are illustrated below. 


Function 


Jump to New Location 
Jump to New Location Saving Return Address 


Function 


Add Memory to Accumulator with Carry 
“AND” Memory with Accumulator 

Shift Left One Bit (Memory or Accumulator) 
Load Accumulator with Memory 

Load Index X with Memory 

Load Index У with Memory 

Shift One Bit Right (Memory or Accumulator) 


Branch on Carry Clear 

Branch on Carry Set 

Branch on Result Zero 

Test Bits in Memory with Accumulator 
Branch on Result Minus 

Branch on Result not Zero 

Branch on Result Plus 

Force Break 

Branch on Overflow Clear 

Branch on Overflow Set 


No Operation 
“ОН” Memory with Accumulator 


Push Accumulator on Stack 
Push Processor Status on Stack 
Pull Accumulator frorn Stack 
Clear Carry Flag Pull Processor Status from Stack 
Clear Decimal Mode 

Clear Interrupt Disable Bit 

Clear Overflow Flag 

Compare Memory and Accumulator 
Compare Memory and Index X 
Compare Memory and index У 


Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory о" Accumulator) 
Return from Interrupt 

Return from Subroutine 


Subtract Memory from Accumulator with Borrow 
Set Carry Flag 

Set Decimal Mode 

Set Interrupt Disable Status 

Store Accumulator in Memory 

Store Index X in Mernory 

Store Index У in Memory 


Decrement Memory by One 
Decrement Index X by One 
Decrement Index У by One 


“Exclusive-OR” Memory with Accumulator 
Increment Memory by One 


Increment Index X by One 
Increment Index Y by One 


Transfer Accumulator to Index X 
Transfer Accumulator to Index У 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register 
Transfer Index Y to Accumulator 


7 0 


) 7 0 
| A | ACCUMULATOR A [мм 1[в[2]1|2[С] processor STATUS REG ‘P” 
7 0 | 
[x] X 5 INDEX- REGISTER: uy CARRY 1- TRUE 
(XJ INDEX REGISTER x -~ ZERO 1:: RESULT ZERO 
15 7 0 
PCL | PROGRAM COUNTER “PC” IRQ DISABLE | 1 = DISABLE 


B 7 0 


[ 1 5 STACK POINTER "Sg" = DECIMAL MODE 1=TRUE 


L BRK. COMMAND 1=BRK 
— OVERFLOW 1= TRUE 
э сш с. NEGATIVE 1=NEG. 


Programming Model 
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ADDRESSING MODES 


The R6500 CPU family has 13 addressing modes. In the following 
discussion of these addressing modes, a bracketed expression fol- 
lows the title of the mode. This expression is the term used in the 
Instruction Set Op Code Matrix table (later in this product descrip- 
tion) to make it easier to identify the actual addressing mode used 
by the instruction. 


ACCUMULATOR ADDRESSING [Accum|—This form of ad- 
dressing is represented with a one byte instruction, implying an 
operation on the accumulator. 


IMMEDIATE ADDRESSING [IMM]—In immediate addressing, 
the second byte of the instruction contains the operand, with no 
further memory addressing required. 


ABSOLUTE ADDRESSING [Absolute]—in absolute address- 
ing, the second byte of the instruction specifies the eight low 
order bits of the effective address while the third byte specifies 
the eight high order bits. Thus, the absolute addressing mode 
allows access to the entire 64K bytes of addressable memory. 


ZERO PAGE ADDRESSING [ZP]— The zero page instructions 
allow for shorter code and execution times by fetching only the 
second byte of the instruction and assuming a zero high address 
byte. Careful use of the zero page can result in significant 
increase in code efficiency. 


INDEXED ZERO PAGE ADDRESSING [ZP, X or Y]—(X, Y 
indexing)— This form of addressing is used with the index reg- 
ister and is referred to as "Zero Page, X" or "Zero Page, Y". 
The effective address is calculated by adding the second byte 
to the contents of the index register. Since this is a form of "Zero 
Page" addressing, the content of the second byte references 
a location in page zero. Additionally, due to the "Zero Page" 
addressing nature of this mode, no carry is added to the high 
order eight bits of memory and crossing of page boundaries 
does not occur. 


INDEXED ABSOLUTE ADDRESSING [ABS, X or Y]—(X, Y 
indexing)— This form of addressing is used in conjunction with 
X and Y index register and is referred to as "Absolute, X" and 
"Absolute, Y". The effective address is formed by adding the 
contents of X or Y to the address contained in the second and 
third bytes of the instruction. This mode allows the index register 
to contain the index or count value and the instruction to contain 
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the base address. This type of indexing allows any location ref- 
erencing and the index to modify multiple fields, resulting in 
reduced coding and execution time. 


IMPLIED ADDRESSING [Implied]—In the implied addressing 
mode, the address containing the operand is implicitly stated in 
the operation code of the instruction. 


RELATIVE ADDRESSING [Relative]—Relative addressing is 
used only with branch instructions and establishes a destination 
for the conditional branch. 


The second byte of the instruction becomes the operand which 
is an “Offset” added to the contents of the lower eight bits of 
the program counter when the counter is set at the next instruc- 
tion. The range of the offset is -128 to +127 bytes from the 
next instruction. 


INDEXED INDIRECT ADDRESSING [(IND, X)]—In indexed 
indirect addressing (referred to as (Indirect, X)), the second byte 
of the instruction is added to the contents of the X index register, 
discarding the carry. The result of this addition points to a 
memory location on page zero whose contents are the low order 
eight bits of the effective address. The next memory location in 
page zero contains the high order eight bits of the effective 
address. Both memory locations specifying the high and low 
order bytes of the effective address must be in page zero. 


INDIRECT INDEXED ADDRESSING [(IND), ҮІ-Іп indirect 
indexed addressing (referred to as (Indirect), Y), the second 
byte of the instruction points to a memory location in page zero. 
The contents of this memory location are added to the contents 
of the Y index register, the result being the low order eight bits 
of the effective address. The carry from this addition is added 
to the contents of the next page zero memory location, the result 
being the high order eight bits of the effective address. 


ABSOLUTE INDIRECT [Indirect]—The second byte of the 
instruction contains the low order eight bits of a memory loca- 
tion. The high order eight bits of that memory location are con- 
tained in the third byte of the instruction. The contents of the 
fully specified memory location are the low order byte of the 
effective address. The next memory location contains the high 
order byte of the effective address which is loaded into the six- 
teen bits of the program counter. (JMP (IND) only) 
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INSTRUCTION SET OP CODE MATRIX 


The following matrix shows the Op Codes associated with the number of instruction bytes, and the number of machine cycles 
R6500 family of CPU devices. The matrix identifies the hex- associated with each Op Code. Also, refer to the instruction set 
adecimal code, the mnemonic code, the addressing mode, the summary for additional information on these Op Codes. 
о LSD о 1 2 3 4 5 6 7 8 9 А B [o D E F 
3 BRK | ORA ORA | ASL PHP | ORA | ASL ORA | ASL 
0 | Implied | (IND. X) zp ze Implied | IMM_ | Accum | ABS | ABS 0 
17126 23)25 13122112 34,36 
|. + SH RE s] | 
.BPL | ORA ORA | ASL CLC | ORA ~ ORA | ASL 
1 | Relative | (IND), Y ZP,X | ZP.X Implied | ABS, Y ABS, X | ABS, X 1 
227|2 5 24126 12/3 g 34137 
+ j— е Ре д =, 4 i + -| » 
JSR | AND BIT | AND | ROL PLP | AND | ROL | BIT | AND | ROL 
2 | Absolute} (IND, X) zp zp ze implied | IMM | Accum ABS ' ABS | ABS 2 
36/26 23123125 14/22/12 34, 34/36 
+ 4 + = : 
| BM | АКО | АМО | ROL ЗЕС | АМО | AND | ROL 
3 | Relative | (IND), Y ZP,X | гР,Х Implied | ABS, Y ABS, X | ABS, X 3 
22125 |241|26 12/3 4 | 3437 
+ +- х — =t- = 
ВТ! | ЕОА EOR | LSR PHA | EOR | LSR | JMP | EOR | LSR 
4 | Implied | (IND, X} 2Р 2Р implied | ММ | Accum АВЗ | АВЗ | АВ5 4 
16126 23/25 13/22/12! 33'34 36 
n 4 - | — : ең t E 4 T T + T -- 
ВУС | EOR EOR | LSR си EOR EOR | LSR 
5 | Relative | (IND), Y zP,x | 2Р,Х Implied | ABS, Y ABS, X | ABS, X 5 
22-125 24/26 12134 за 37 
Е + 41 | 4 |. 
RTS | ADC ADC | ROR PLA | ADC | ROR JMP | ADC | ROR 
6 | Implied | (IND. X) 2Р 2Р Implied | IMM Ассит Indirect! ABS ABS 6 
UNE SE DN | | 23125, дт 122 те | а UR. 
ву5 | ADC | ADC | ROR SEI ADC ADC | ЧОН 
7 | Relative | (IND), Y | 2Р,Х | ZP.x Implied | ABS. Y ABS, X | ABS. X 7 
2 2"| 2 5 241|26 1213 4 за |37 
— + + zal | | + Le 
STA STY | STA | STX DEY TXA STY | STA | STX 
8 (IND, X) zp zp 2Р implied implied ABS | ABS | АВ5 8 
26 23/23/23 12 12 34'34 34 
Р es | + 4 - 
BCC STA STY | STA | STX ТУА | STA | TXS STA 
9 | Relative| (IND), Y ZP.X | 2Р,Х | ZP.Y Implied | ABS, Y | Implied ABS, X А 9 
22%} 26 24|244,|24 12 |35 |12 35 
sal + Sr 4 + - m T - T 
LDY | LDA | LOX LDY | LDA | LDX TAY | LDA | TAX LDY | LDA | LDX 
A | IMM | (IND, X) | IMM 2Р 2Р zP Implied | IMM | implied ABS | ABS | ABS A 
22/26 |22 23/23/23 "2 |22 112 | 343434 
| ЈЕ NS i Е 
BCS | LDA LDY | LDA | LDX CLV | LDA | TSX LDY | LDA | LDX 
В | Relative| (IND), Y 2ғ,х | 2Р,Х | zP, Y implied | ABS, У | Implied ABS, X| ABS, X | ABS, Y B 
2 27i 2 5 24124124 12/3 4 |12 за [за | 4 
us ^ € T de + - + ~ -F “е ње КӨЧЕ 
СРҮ | СМР CPY | СМР | DEC INY | СМР | DEX СРУ | СМР | DEC 
с | мм |(IND, X) zp zp zp implied | МММ | implied ABS | ABS | ABS с 
22/26 23123125 12 [22] 12 за 3+4 36 
+ + 4 n +. + i + + + -4 L - 
BNE | CMP CMP | DEC CLD | СМР СМР | DEC 
D | Relative! (IND), Y 2Р,Х | 7Р,Х implied | ABS, Y ABS, X | ABS, X D 
2 2" |2 5 | [24] 26 1421341 E 13427 
CPX | SBC СРХ | SBC INC INX SBC | NOP CPX | SBC NC 
E | мм |(IND, X) zp ZP zp Implied | IMM | Implied ABS | ABS | ABS Е 
22126 23123125 12 |22 |1 2 34134136! 
4 3 L H 4 |: |с 
ВЕО | SBC SBC | INC SED | SBC SBC NC 
F | Relative| (IND), Y 2Р,Х | 2Р,Х implied | ABS, Y ABS, X | ABS, X F 
2 2"|2 5 24126 12,4847 34,27 
0 1 2 3 4 5 6 7 8 9 А B с D Е Е 
0 "Add 1 to М if page boundary is crossed. 
"Ада 1 to N if branch occurs to same раде; 
BRK —OP Code add 2 to N if branch occurs to different page. 
0 | Implied | —Addressing Mode 
17 —Instruction Bytes; Machine Cycles 
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INSTRUCTION SET SUMMARY 


INSTRUCTIONS 


ABSOLUTE 


DPERATION 


MNEMDNIC 
АОС ALM СА 


PROCESSOR STATUS 


ТШ [eo 
AND ААМ-А m 
ASL с 7-90 
всс BRANCHONC = 0 (2 
H cs | валмсномс =i (2 | 
BEQ BRANCHONZ = 1 (2 
Bir AAM 
BMI BRANCHONN = | {2 
ВМЕ BRANCHONZ = 2 (2 
BPL BRANCHONN = 0 aj 
BRK BREAK 
вус BRANCHONV = 0 12) 
evs SRANCHONV = 1 (21 
cic o-c 
| cto 0-0 — IVs даа D 
cul 0 +1 
сч 0-У 
СМР А 
CPX 
crey 
DEC 
DEX 
DEY жы 
EOR АУМ =A өз 
UNC | метем 
INX Ke bax 
INY Yei- 
JMP JUMP TO NEW LOC 
JSR JUMP SUB 
| ГОА] М-А 
LOX м-х 
LOY м- 
LSR e a Не 
мое МО OPERATION 
ORA АУМ -А 
РНА А - М5 
68| 4 метет УГРА 
28} 4 (RESTORED! PLP 
2]1 36| 6| 2 [3E 3 ые зе жожо де 
2 jesaj 2|! 76j 6] 2}7E} 7] 3 N 420216 
ата RTANINT 40| 6 (RESTORED) BST 
RTS RTRN 508 60| 6 4-02-20...) RTS 
sec А-М-С-А w јез | 2 | 2 Yeo] а | з es} 3j 2 £ Fils] 2 25| 4 | 2 ЈЕО ИШЕТТЕ ммте тд SBC 
SEC isg 38| 2 * ж жож. жож KSEE 
SED 1-0 ЈЕ у. [Жж вк Жз же]! ЖШ 
STA ACM вој a | 3 85| 3 | 2 81 91| 612 ]95] 4 | 2 |906 з [9915/3 ttt n | STA 
$Tx х-м 8E] 4 | 3 fael 3 | 2 зе | 4 | 2|. · 6 · · · • ep STX 
ETY Y 4M BC} 4] 3| 34| 3|2 | за | 4 d C e Ap ETY 
TAX А-Х м о OZ yell ТАЖ 
ro ТЕТЕ БА sa ll Тед CTT CE 
TSX 5-х Ner + р tsx 
ITXA жж: м А ал | ОЉА 
Txs х -5 ря elite: fv i s 
| туд NAE. Ш | 19] АНИ ма. ту 
и, ADD 1o. М IF PAGE BOUNDARY IS CROSSED X — INDEX X - ADD M. ^ MEMORY BIT7 
(2. ADD 1 TO N IF BRANCH OCCURS TO SAME PAGE у INDEX Y SUBTRACT M, MEMORY BITS 
ADD 2 ТО N IF BRANCH OCCURS TO DIFFERENT PAGE AC ACCUMULATOR RON, ко не 
АО ВОО M MEMORY РЕВ EFFECTIVE ADDRESS У ов * — NO.BYTES 
у ACCUMULA TOR MUST ВЕ CHECKED FOR ZERO RESULT М5. -МЕМОВУРЕНЗТАСКРОІМТЕЯ Y- "EXCLUSINEOR 
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R650X CLOCK TIMING 


фо (IN) — = 


LÁ $1 (oum) 


————— e. 92 (OUT) 


REFA НЕРВ REF A 


R651X CLOCK TIMING 


$1 (IN) 


REFA REF B REF A 


ВЕРА REFS REFA 


DATA UNES 
AEAD 


DATA LINES --.-- 
WAITE 


REFA REF B REF A 
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AC CHARACTERISTICS 


Characteristic 


R650X CLOCK TIMING 


$1 (OUT), #2 (OUT) Rise and Fall 


Time’: 2 


R651X CLOCK TIMING 


Clock Cycle Time 


91 (IN) High Pulse Width 
92 (IN) High Pulse Width 


Delay Between 01 and 92 


Read Data Setup Time Tosu 
Read Data Hold Time Tun 


Notes: 

1. Loads: АН output except clocks = 1 TTL + 130 pF. Clock outputs = 1 TTL + 30 pF. 
2. Measured between 0.8 and 2.0 points on waveform load. 

3. Measured between 1096 and 90% points on waveforms. 

4. *RDY must never switch states within Rapy to end of $2. 
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——————————MM 


RECOMMENDED TIME BASE GENERATION FOR R6502 


1.5K 3.0K 


15K 


(1 MHz ~ 3 MHz)* 


*CRYSTAL: CTS KNIGHTS MP SERIES, OR EQUIVALENT 
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R6500 Microprocessors (CPU) 


ABSOLUTE MAXIMUM RATINGS* 


Parameter 


| Supply Voltage 


Input Voltage 


Operating Temperature Range 
Commercial 
Industrial 


Storage Temperature 


-40 to +85 
-55 to +150 


Тете 


OPERATING CONDITIONS 


Parameter Symbol Value 
Supply Voltage Vec 5V +5% 
Temperature Range Ta 

Commercial 0°C to 70°C 
Industrial – 40°С to + 85°С 


ОС CHARACTERISTICS 


*МОТЕ: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


(Voc = 5.0У +5%, Vss = 0, Ta = T, to Ty, unless otherwise noted) 
Parameter Symbol Min. Тур.5 Мах. Tl Unit! Т Test Conditions | 
Input High Voltage ap Ун РУ У 
Logic, 80 (IN) 2.0 — Vec 
01 (IN), 02 (IN Voc - 0. ite. - M 0.25 
(IN), 92 (IN) cc 3 __| “ec + zx 
Input Low Voltage ЕТІ У 
Logic, 00 (IN) -0.3 - 0.8 
01 (ІМ), 22 (ІМ) -0.3 — 0.4 
—1 
Input Leakage Current lin | EN pA Vin = OV to 5.25V 
Logic (Excl. RDY, $.0.) - - 2.5 Vec = ФМ 
91 (ІМ), 92 (IN) — — 100 
| 90 (IN) Ше = - w | 
Input Leakage Current for Three State ОН ны 1 ҺА Vin = 0.4V to 2.4У 
| 00-07 Ap. m — 10 NN Мос = 5.25У 
Output High Voltage n Мон У Водо = - 100 pA 
SYNC, 00-07, А0-А15, R/W, $1 (OUT), 02 (OUT) +2.4 - - | Мос = 4.75У 
Output Low Voltage 25 VoL У Цолр = 1.6 mA 
SYNC, 00-07, А0-А15, R/W, 91 (OUT), $2 (OUT) +0.4 Vec = 4.75У 
Power Dissipation | РЬ | | = = mw | 
1 and 2 MHz — 450 700 
3 MHz act - 500 800 
3 Ба: қылы: IT ren ТЕ 
Capacitance с pF Veco = 5.0V 
Logic См - — 10 Vin = ОМ 
DO-D7 _ - - 15 f = 1 MHz 
А0-А15, R/W, SYNC Cour - = 12 Ta = 25°C 
90 (IN) Сом) = = 15 
91 (IN) сф - 30 50 
ШАУ! Joe | - | » | o | | | 
Notes: 


1. All units are direct current (dc) except for capacitance. 
З. IRQ and NMI require ЗК pull-up resistor. 


5. Typical values shown for Усс = 5.0V and T4 = 25°C. 


2. Negative sign indicates outward current flow, positive indicates inward flow. 


4. 01 (ІМ) and 02 (IN) apply to R6512, 13, 14, and 15; #0 (IN) applies to R6502, 03, 04, 05, 06 and 07. 


INTRODUCTION 


The Rockwell R6501Q and R6511Q are extended, high perform- 
ance 8-bit NMOS-3, single chip microprocessors, and are com- 
patible with all members of the R6500 family. 


The devices contain an enhanced R6502 CPU, an internal clock 
oscillator, 192 bytes of Random Access Memory, and versatile 
interface circuitry. The interface circuitry includes two 16-bit pro- 
grammable timer/counters, 32 bidirectional input/output lines 
{including four edge sensitive lines and input latching on one 
8-bit port), a full-duplex serial І/О channel, ten interrupts and 
bus expandability. A full 16-bit address bus and 8-bit data bus 
provide accessing to 65K bytes of external memory. 


The devices come in a 64-pin Quad Inline package (QUIP). 


The devices may be used as a CPU-RAM-I/O counter device 
in multichip systems or as an emulator for the R6500/11 family 
of microcomputers. They provide ali R6500/11 interface lines, 
plus the address bus, data bus and control lines to interface with 
external memory. 


SYSTEMS DEVELOPMENT 


Rockwell supports development of the devices with the Rockwell 
Design Center System and the R6500/* Personality Set: Com- 
plete in-circuit emulation with the Personality Set allows total 
systems test and evaluation. 


This data sheet is for the reader familiar with the R6502 CPU 
hardware and programming capabilities. Far additional infor- 
mation see the R6501Q Product Description, (Document Order 
Number 2145) or the R6511Q Product Description, (Document 
Order Number 2133). 


ORDERING INFORMATION 


Part Package [ Frequency | Тетр. 
Number Type Option Range 
R6501Q Plastic (QUIP) 1MHz 0*C to 70°C 
R6501AQ Plastic (QUIP) 2 MHz 0°C to 70°C 
R6511Q Plastic (QUIP) 1 MHz 09С to 70°C 
R6511AQ Plastic (QUIP) 2 MHz 0*C to 70°C 
FEATURES 


• Enhanced R6502 CPU 
—Four new bit manipulation instructions 

Set Memory Bit (SMB) 

Reset Memory Bit (RMB) 

Branch on Bit Set (BBS) 

Branch on Bit Reset (BBR) 
—Decimal and binary arithmetic modes 
—13 Addressing modes 
—True indexing 
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R6501Q AND R6511 Q 
ONE-CHIP MICROPROCESSOR 


R6501Q @ R6511Q 
R6500 Microcomputer System 


192-byte static RAM 

32 bidirectional, TTL-compatible ИО lines (four ports) 
One 8-bit port may be tri-stated under software control 
One 8-bit port may have latched inputs under software control 
Two 16-bit programmable counter/timers, with 3 latches 
— Pulse width measurement 

—Pulse generation (1 symmetrical, 1 asymmetrical) 
—Interval timer 

—Event counter 

—Retriggerable interval timer 

Serial Port — Full Duplex, Buffered UART 


—Receiver Wake Up and Transmitter End of Transmission 
Features 


° —Programmable Standard Asynchronous Baud Rates from 


50 to 125K bits/sec at 2 MHz 


Satisfies SMPTE 422 Broadcast Standard (8 Data, Parity, 
1 Stop) at 38.4K bits/sec 


—Programmable 5-8 bit Character Lergths, with or without 
parity 
— Receiver Error Detection for Framing, Parity, and Overrun 


—Synchronous Shift Register alternate mode (250KC at 
2 МН?) 


Ten interrupts 

—Four edge-sensitive lines; two positive, two negative 
—Two counter underflows 

—Serial data receiver buffer full 

— Serial data transmitter buffer empty 

—Non-maskable 

—Reset 

Full data anc address pins for 65K bytes of external memory 
Flexible clock circuitry 

—2 MHz or 1 MHz internal operation 


—|тегпа! clock with external XTAL at fcur times internal fre- 
quency (R6501Q) or two times internal frequency (R6511Q) 


— External clock input divided by one or tour (R6501Q) or one 
or two (R6511Q) 


68% of the instructions have execution times less than 2 us 
at 2 MHz 


NMOS-3 silicon gate, depletion load technology 

Single +5V power supply 

12 mW stand-by power for 32 bytes of the 192-byte RAM 
65-pin QUIP 

R6501Q has pullup resistors on PA, PB, and PC 
R6511Q has no pullup resistors 
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R6501Q and R6511Q 


One-Chip Microprocessor 


FUNCTIONAL DESCRIPTION 


CENTRAL PROCESSING UNIT (CPU) 


The internal CPU of the device is a standard R6502 configuration 
with the standard R6502 instructions plus 4 new bit manipulation 
instructions. These new bit manipulator instructions form an 
enhanced R6502 instruction set and improve memory utilization 
efficiency and performance. 


Set Memory Bit (SMB #,ADDR.) 


This instruction sets to “1” one bit of the 8-bit data field specified 
by the zero page address (memory or I/O port). The first byte 
of the instruction specifies the SMB operation and which one 
of 8 bits to be Set. The second byte of the instruction designates 
the address (0-225) of the byte or МО port to be operated upon. 


Reset Memory Bit (RMB #,ADDR.) 


This instruction is the same operation and format as the SMB 
instruction except a reset to “0” of the bit results. 


Branch on Bit Set Relative (BBS #,ADDR.,DEST) 


This instruction tests one of 8 bits designated by a 3-bit immedi- 
ate field within the first byte of the instruction. The second byte 
is used to designate the location of the byte or /О port to be 
tested within the zero page address range. The third byte of the 
instruction is used to specify the 8-bit relative address to which 
the instruction branches if the bit tested is a "1". If the bit tested 
is not set, the next sequential instruction is executed. 


Branch on Bit Reset Relative (BBR #,ADDR.,DEST) 


This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested is 
а “0”. 


Random Access Memory (RAM) 


The RAM consists of 192 by 8 bits of read/write memory with 
an assigned page zero address of 0040 through OOFF. The 
devices provide a separate power pin (Var) which may be used 
for standby power. In the event of the loss of Vcc power, the 
lowest 32 bytes of RAM data will be retained if standby power 
is supplied to the Var pin. 


Clock Oscillator 


The clock oscillator provides the basic timing signals. A reference 
frequency can be generated with the on board oscillator (with 
external crystal) or an external reference source can be driven 
into the XTLI pin. If the XTLO pin is left floating, the reference 
frequency is internally divided by four (R6501Q) or two (R6511Q) 
to obtain the internal clock. The internal clock is then available 
as an output at the 92 pin. The XTLI pin may be used as an 
undivided clock input by connecting XTLO to Vss, in which 
case the internal division circuitry is bypassed and the device 
operates at the reference frequency. 


Parallel Input/Output Ports 


The devices have 32 1/O lines grouped into four 8-bit ports (PA, 
РВ, PC, PD). Ports A through C may Бе used either for input 
or output individually, or in groups of any combination. The 
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R6501Q has pullup resistors on РА, PB and PC. The R6511Q 
has no ршішр resistors. Port D may be used as all inputs or all 
outputs. it has active pull-ups. 


Port А (PA) сап be programmed as a Standard parallel 8-bit I/O 
port or under software control as serial I/O lines, counter ИО 
lines, positive (2) and negative (2) edge detects, or an input data 
strobe for the Port B (PB) input latch. 


Port B (PB) can be programmed as an I/O port with latched input 
enabled or disabled. 


Port С (PC) can be programmed as an /О port, as ап abbre- 
viated bus, as a multiplexed bus, or as part of the full address 
mode. іп the full address mode pins PC6 and PC7 serve as 
addresses A13 and A14, respectively; PCO-PC5 are I/O pins. 


Port D (PD) functions as ап I/O port, an 8-bit tri-state data bus, 
or as a multiplexed address/data bus. 


Serial Input/Output Channel — UART 


The devices provide a full duplex serial І/О channel with program- 
mable bit rates covering all standard baud rates from 50 to 
125K bits/sec including the SMPTE 422 standard at 38.4K bits/ 
sec. Character lengths of 5 to 8 bits, with or without parity are 
programmable. A fuli complement of flags provides for Receiver 
Wake Up; Receiver Buffer Full; Receiver Error Conditions detect- 
ing Framing, Рату, and Overrun errors; Transmitter End of 
Transmission and Transmitter Buffer Empty. In addition, a syn- 
chronous shift register mode to 250 KC at 2 MHz is available. 


Wake-Up Feature 


їп a multi-distributed microcomputer application, a destination 
address is usually included at the beginning of the message. 
The Wake-Up Feature allows non-selected CPUs to ignore the 
remainder of the message until the beginning of the next 
message by setting the Wake-Up bit. 


Counter/Latch Logic 


The devices contain two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the counters. 
Counter A has one 16-bit latch and Counter B has two 16-bit 
latches. Each counter can be independently programmed to 
operate in one of four modes: 


Counter A Counter B 
* Pulse width * Retriggerable Interval 
measurement Counter 
* Pulse Generation * Assymmetrical Pulse 
* |nterval Timer Generation 


• interval Timer 
* Event Counter 


* Event Counter 


Mode Control Register (MCR) 


The Mode Control Register contains control bits for the multi- 
function I/O ports and mode select bits for Counter A and 
Counter B. 


R6501Q and R6511Q 


Ports C and D Operation Modes 


There are four operating modes available in ports C and D, soft- 


One-Chip Microprocessor 


XTLO = 
ware programmable ма the Mode Contro! Register. The full 
Р Хы CLOCK EDGE DETECT 
address mode allows access to a full 65K bytes of external " OSCILLATOR | 5 
storage. in this mode PC6 апа РС? are automaticallyu used for i“ = | 
A13 and A14. In the Input/Output mode the four ports are all RES NTENAUEY 
used for I/O. In the abbreviated and multiplexed modes some NMI LOGIC POATA 
port pins set up for addressing 64 or 16,384 bytes of external Vee - 
memory. Г 
Ы Ves СРЏ РОЋТ 8 
Interrupt Flag Register (IFR) and , — 
Interrupt Enable Register (IER) de ar ig 
| РОЋТС 
The devices include an Interrupt Flat Register and an interrupt DBO:DB7 RAM 
Enable Register which flags and controls I/O and counter status. sente; & 
15 
SYNC BUS CONTROL PORT D 
AW z 
16 BIT 
CONTROL à 
REGISTERS COUNTER ct 
Н65010 ог В65110 m = 
БЕБЕ IRQ 16 BIT SERIAL RECEIVE, 
COUNTER/LATCHES TRANSMIT 
FFFC RES B REGISTERS 
FFFA NMI Б 93511 
"MULTIPLEXED FUNCTIONS PINS (Software Selectable) 
BLOCK DIAGRAM 
INTERNAL REGISTERS 
READ WRITE ADDRESS 
USER PROGRAM T —— — 0017 
I Lower Counter В Upper Latch В” # 001Е 
/ Upper Counter B Upper Latch B 0010 
/ Lower Counter B # Lower Latch B 001C 
HEE vd 0018 
H Lower Counter А Upper Latch А“ # 001А 
Upper Counter А Upper Latch A 0019 
I 
1 Lower Counter А # Lower Latch А 0018 
| E 
/ Ser Rec Data Reg Ser Trans Data Reg. 0017 
/ Serial Status Reg Serial Status Reg. (1) 0016 
/ Serial Control Reg. Serial Control Reg. 0015 
H Mode Control Reg. Mode Control Reg 0014 
/ —— == 0013 
1 Interrupt Enable Reg interrupt Enable Reg. 0012 
1 Interrupt Flag Reg. = 0011 
1 Read FF Cir Interrupt Flag (2) 0010 
4 1 г = 
OOFF I 000F 
INTERNAL 1 
ВАМ (192) I USER AVAILABLE 
I 
0040 1 0007 
11 | = 0006 
1 (Reserved for ИО ports Е, F, & G when 
RESERVED I emulating the R6500/12) 
ГД 0004 
001Е E | | Ше 
ШО & REGISTERS 
VO PORT D 
ГО PORT C i 
VO PORT В 
[О PORT A 
0000 0000 


MEMORY MAP 


*—LOAD & START CDUNTER 
* CLEAR FLAG 

(1) BITS 4 & 5 ONLY 

(2) BITS 0-3 ONLY 
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РАО-РА7 
(PAO, РАТ, 
Ра2, РАЗ 
EDGE 
OETECTS) 


ОРАО 
ОАТА 
STROBE)* 


PCO-PC7/ 
(А13, A14 
Full | 
address 
mode)* 
PDO-PD7/ 
(DATA/ADDR 
BUS 

A4-A11) 


СА (PA4) 
|-<=——= СВ (PA5)" 


SO (РАБ) 
SI (PA7Y 


R6501Q and R6511Q 


One-Chip Microprocessor 


KEY REGISTER SUMMARY 


7 о 
[аА 7] accumutaron ^ 
7 0 
7 0 
7 [] 

PCH | PCL ] PROGRAM COUNTER РС 
7 [] 


STACK POINTER 5 
7 0 
УГ [в [»[* [z [c] processor srarus eec. Р 


CPU Registers 


“С 


Counter В Mode Select 


Mode Select 0— 0 Interval Timer 
0 —— 1 Pulse Generation 
1 —— 0 Event Counter 


Bus Mode Select 1 1 Pulse with Meas. 
0 © Interval Timer 
0 —— 1 Pulse Generation 
1 — 0 Event Counter 
1—— 1 External Trigger 
Port B Latch 
Pon D Tri-Stete 
(0 - Tri-State) 
0 —— 0 Full Addr Mode 
0 —— 1 Normal 
1 —— 0 Abbr. Bus 
1-—— 1 Миха Bus 


Mode Controi Register 


SUDDEN 


0~Odd Parity 
1--Еуеп Parity 
0 Parity Disabie 

4 Parity Enabie 
0—8 Bits/Char 

1~7 Bits/Char 

0—6 Bits/Char 

1~ 5 Bits/Char 


0---0 XMTR & RCVR ASYN Моде 
0---! XMTR ASYN, RCVR S/R 
1 ——X XMTR S/R, АСУР ASYN 
0 АСУР Disable 
L 1RCVR Enable 
- 0 XMTR Disabie 
1XMTR Enabie 


--o00 


Seriai Communications Control Register 
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7 


E 


E 


5 4 3 2 1 
CARRY (С) 0) 


у = Carry Set 
0 == Carry Clear 


ZERO (7) (1) 


1 = Zero Леви! 
0 = Non-Zero Result 


INTERRUPT OISABLE (1) (2) 


1 — ВО Interrupt Disabled 
0 -IRQ Interrupt Enabled 


OECIMAL MODE (0) (7) 


1-: Decimal Mode 
0 — Binary Mode 


BREAK COMMAND (В) (1) 


1 = Break Command 
0 = Non Break Command 


OVERFLOW (О) (1) 


1 = Overflow Set 
0 = Overflow Clear 


NQTES 


Not initialized by RES 
Set to Logic 1 by RES 


NEGATIVE (м) (Т) 


1 = Negative Value 
0 = Postive Value 


Processor Status Register 


а | [-[- 3] | [|] Adar ои 


Addr 0012 


РАС Positive 
Edge Detect 
РА! Positive 

Edge Detect 

РА2 Negative 

Edge Detect 

РАЗ Negative 

Edge Detect 


| Counter А 
Underfiow Fiag 
L Counter B 
Underflow Fiag 
L REVR 
Над 
XMTR 


Flag 


interrupt Enabie and Flag Registers 


Addr 0016 


| ясуя ома 
Reg Full 


L RCVR Over-Run 
| Рату Еггог 

С Frame Error 

] | | Wake-Up 


End of Transmission 


L XMTR Data Reg Empty 


L XMTR Under-Run 


Serial Communications Status Register 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter Symbol Vaiue Unit 

Supply Voltage Мос 8 Van | — 0.310 47.0 | Vdo 

Input Voltage Vin 20.3 to +7.0 | Мас 

Operating Temperature T | °С 
Commercial О to +70 

Storage Temperature Range Тата | - 5510 +150 | °С 


DC CHARACTERISTICS 


One-Chip Microprocessor 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is а stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating ccnditions for extended 
periods may affect device reliability. 


(Voc = 5V +5% Vss = 0} 
NE 1 
Рагатеїег Symboi Min IN Typ Max Unit | 
Power Dissipation (Outputs High) Г i 
Commercial at 25°С Pp - - 1200 туу 
-4 -—- —+ —L-— —+ 
RAM Standby Voltage (Retention Mode) Var 3.0 - -| Voc Vde 
RAM Standby Current (Retention Mode) 1 lan | | mAdc 
Commercial at 25°C — 4 - 
1 T 1 — м 
Input High Voltage Except XTLI Vin +20 1 - Vec Мас 
|. Input High Voltage (ХТО) Ун | +w | — БЕТТІН | Мас 
input Low Voltage Vit -0.3 — 10.8 Vdc 
== == — r^ + 4 - - 
Input Leakage Current (RES, NMI) ling - - +10 uAdc 
Мн = 0 to 5.0 Мас 
Е ім : | +—— —À — 
Input Low Current ЛЕ — -10 -1.6 mAdc 
| (Ми = 0.4 мас) | | 
Output High Voltage Except XTLO Von +2.4 — Vec Vdc 
| (оло = - 100 Аас) | | | _ __| _| 
Output Low Voltage VoL — — +0.4 Мас 
(Loap = 1-5 mAdc) | | ME d 
Input Capacitance Сің pF 
(Мм –0, ТА = 25°C, f = 1.0 MHz) 
XTL1, XTLO - - 50 
| АН Others | = рю | 
ЏО Port Pull-Up Resistance 
PAO-PA7, PBO-PB7, РСО-РС7 я 3.0 6.0 11.5 ко 
R6501Q only 
- 4. — =. — + 
Note: Negative sign indicates outward current flow, positive indicates inward flow. 
AC CHARACTERISTICS 
(Усс = 5V +6% М5 = 0 
—T — T т 3 
| 1 MHz 2 MHz 
Parameter Symboi Min Max | Min Max Unit 
XTLI Input Clock Cycle Time Tove 1.0 10.0 0.500 10.0 изес 
internal Write to Peripheral Data Valid ш || 1 
(TTL) Teow 1.0 | 0.5 psec 
- - + 
Peripheral Data Setup Time TPosu 500 500 nsec 
РЈ | ~ T 
Count and Edge Detect Pulse Width Tew 1.0 _| 0.5 _ o | psec 
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PACKAGE DIMENSIONS 


One-Chip Microprocessor 


Interface Diagram 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Pin Out Designation 


| wt ф > == 
А | o € қ 
Y 
020 TYP. 
(.508 MM) | 
1.628 
(41.35 ММ) 
i 
о у 
о о 
ЕЗ = 
го В 
= с 
о > | 
5 o Д 1 
> 79 
о > 
c go i 
= m i 
: Бі [med 
32 3 Е Y 
= > 050 REF 
.680 (1.27 ММ) 020 REF 
= ТУР 
4--(1727ММ) m 
925 1.50 
[4— —— (23.495 MM) — —— 3 (3.81 MM) 
x 750 
(19.05 MM) _ ( 
260 МЕ 
(5.08 ММ) 


с ¢ Dimensioned Outline ¢ € 64 PIN QUIP 


DESCRIPTION 


The R6520 Peripheral Interface Adapter (PIA) is designed to 
solve a broad range of peripheral control problems in the imple- 
mentation of microcomputer systems. This device allows a very 
effective trade-off between software and hardware by providing 
significant capability and flexibility in a low cost chip. When 
coupled with the power and speed of the R6500, R6500* or 
В65С00 family of microprocessors, the R6520 allows implemen- 
tation of very complex systems at a minimum overall cost. 


Control of peripheral devices is handled primarily through two 
8-bit bidirectional ports. Each of these lines can be programmed 
to act as either an input or an output. In addition, four peripheral 
control/interrupt input lines are provided. These lines can be 
used to interrupt the processor or to ''handshake" data between 
the processor and a peripheral device. 


ORDERING INFORMATION 


PERIPHERAL INTERFACE ADAPTER (PIA) 


R6520 


R6520 


FEATURES 


Direct replacement for MC6820 PIA 

Two 8-bit bidirectional ИО ports with individual data direction 
control 

Automatic “Handshake” control of data transfers 

Two interrupts (one for each port) with program control 
Commercial and industrial temperature range versions 
40-pin plastic and ceramic versions 

5 volt +5% supply requirements 

Compatible with the R6500, R6500/* and R65CO0 family of 
microprocessors 

1 and 2 MHz versions 


Part Number 

R6520 . 

Temperature Range (T, to Тн): 
Blank = 0°С to +70°С 


Е = —40°С to +85°С 


Раскаде: 
С = Ceramic 
Р = Plastic 


Frequency Range: 
No letter = 1 MHz 
А = 2 MHz 


1 

2 
3 
4 
5 
6 
7 
8 
9 
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Figure 1. R6520 Pin Configuration 
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А6520 Peripheral Interface Adapter (PIA) 


FUNCTIONAL DESCRIPTION 


Тһе R6520 PIA is organized into two independent sections Peripheral Interface buses. Data Bus Buffers (DBB) interface 
referred to as the A Side and the B Side. Each section consists data from the two sections to the data bus, while the Data Input 
of a Control Register (CRA, CRB), Data Direction Register Register (DIR) interfaces data from the DBB to the PIA registers. 
(DDRA, DDRB), Output Register (ORA, OBR), Interrupt Status Chip Select and R/W control circuitry interface to the processor 
Control (ISCA, ISCB), and the buffers necessary to drive the bus control lines. Figure 2 is a block diagram of the R6520 PIA. 


IRQA INTERRUPT STATUS CA1 
CONTROL A (ISCA) CA2 

CONTROL 

REGISTERA | _____ DATA DIRECTION 


DO (СНА) REGISTER А 
$i (DDRA) 


D2 
D3 DATA BUS n OUTPUT Е 
D4 DBB) д 
05 : ) PERIPHERAL PA1 
OUTPUT PERIPHERAL PA2 
De REGISTER A INTERFACE PA3 
D7 BUFFER A PAA 
(PIBA) PAS 
РАб 
РА7 
DATA INPUT a 
REGISTER ч 
PERIPHERAL 
PH те PERIPHERAL PB2 
REGISTER B INTERFACE РВЗ 
BUFFER В РВД 
(РІВВ) PBS 
PB6 
iid РВ7 
ЕЗ2 CHIP 
RSO SELECT 


т INPUT BUS 
& RW 
CONTROL DATA DIRECTION 
RN CONTROL REGISTER B 
$2 REGISTER B (DDRB) 
RES (CRB) 


INTERRUPT STATUS CB 
peer CONTROL B (ISCB 
IROB - (SCB) свг 


Figure 2. R6520 PIA Block Diagram 
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R6520 


Peripheral Interface Adapter (PIA) 


DATA INPUT REGISTER (DIR) 


When the microprocessor writes data into the PIA, the data 
which appears on the data bus during the 62 clock pulse is 
latched into the Data Input Register (DIR). The data.is then 
transferred into one of six internal registers of the PIA after the 
trailing edge of the 62 clock. This assures that the data on the 
peripheral output lines will make smooth transitions from high 
to low (or from low to high) and the voltage will remain stable 
except when it is going to the opposite polarity. 


CONTROL REGISTERS (CRA and CRB) 


Table 1 illustrates the bit designation and functions in the two 
control registers. The control registers allow the microprocessor 
to control the operation of the Interrupt Contro! inputs (САТ, 
CA2, СВ1, CB2), and Peripheral Control outputs (CA2, CB2). 
Bit 2 in each register controls the addressing of the Data Direc- 
tion Registers (DDRA, DDRB) and the Output Registers (ORA, 
ORB). In addition, two bits (bit 6-апа 7) in each control register 
indicate the status of the Interrupt Input lines (CA1, CA2, CB1, 
СВ2). These interrupt Status bits (IRQA1, IRQA2 or ІНОВ1, 
IRQB2) are normally interrogated by the microprocessor during 
the IRQ interrupt service routine to determine the source of the 
interrupt. 


DATA DIRECTION REGISTERS (DDRA, DDRB) 


The Data Direction Registers (DDRA, DDRB) allow the pro- 
cessor to program each line in the 8-bit Peripheral ИО port to 
be either an input or an output. Each bit in DDRA controls the 
corresponding line in the Peripheral A port and each bit in DDRB 
controls the corresponding line in the Peripheral B port. Writing 
a “0” in a bit position in the Data Direction Register causes the 
corresponding Peripheral /О line to act as an input; a "1" 
causes it to act as an output. 


Bit 2 (DDRA, DDRB) in each Control Register (CRA and CRB) 
controls the accessing to the Data Direction Register or the 
Peripheral interface. If bit 2 is a "1," a Peripheral Output register 
(ORA, ORB) is selected, and if bit 2 is a “0,” a Data Direction 
Register (DDRA, DDRB) is selected. The Data Direction Reg- 
ister Access Control bit, together with the Register Select lines 
(А50, RS1) selects the various internal registers as shown т 
Table 2. 


In order to write data into DDRA, ORA, DDRB, or ORB registers, 
bit 2 in the proper Control Register must first be set. The desired 
register may then be accessed with the address determined by 
the address interconnect technique used. 


PERIPHERAL OUTPUT REGISTERS (ORA, ORB) 


The Peripheral Output Registers (ORA, ORB) store the output 
data from the Data Bus Buffers (DBB) which appears on the 
Peripheral VO port. If a line on the Peripheral A Port is pro- 
grammed as an output by the ОРВА, writing a 0 into the cor- 
responding bit in the ORA causes that line to go low («0.4 V); 
writing a 1 causes the line to go high. The lines of the Peripheral 
В port are controlled by ORB in the sarne manner. 


INTERRUPT STATUS CONTROL (ISCA, ISCB) 


The four interrupt peripheral control lines (САТ, CA2, CB1, CB2) 
are controlled by the Interrupt Status Control logic (A, B). This 
logic interprets the contents of the corresponding Control Reg- 
ister and detects active transitions on the interrupt inputs. 


PERIPHERAL I/O PORTS (РАО-РА7, PBO-PB7) 


The Peripheral A and Peripheral B /О ports allow the micro- 
processor to interface to the input lines on the peripheral device 
by writing data into the Peripheral Output Register. They also 
allow the processor to interface with the peripheral device output 
lines by reading the data on the Peripheral Port input lines 
directly onto the data bus and into the internal registers of the 
processor. 


Each of the Peripheral VO lines can be programmed to act as 
an input or an output. This is accomplished by setting a 1 in the 
corresponding bit in the Data Direction Register for those lines 
which are to act as outputs. А О in a Eit of the Data Direction 
Register causes the corresponding Peripheral ИО lines to act 
as an input. 


The buffers which drive the Peripheral А {О lines contain "pas- 
Sive" pull-up devices. These pull-up devices are resistive in 
nature and therefore allow the output voltage to go to VCC for 
a logic 1. The switches can sink a full 3.2 mA, making these 
buffers capable of driving two standard TTL loads. 


in the input mode, the pull-up devices are still connected to the 
VO pin and still supply current to this ріп, For this reason, these 
lines aiso represent two standard TTL loads in the input mode. 


The Peripheral B /О port duplicates many of the functions of 
the Peripheral A port. The process of programming these lines 
to act as an input or an output is similar to the Peripheral А port, 
as is the effect of reading or writing this port. However, there 
are several characteristics of the buffers driving these lines 
which affect their use in peripheral interfacing. 


Table 1. Control Registers Bit Designations 


7 | 6 5 4 3 ] 2 1 0 
| DDRA 
CRA IRQA1 IRQA2 CA2 Control Access CA1 Control 
7 | 6 5 4 3 | 22 1 0 | 
| _ ! 
CRB | ов! IRQB2 СВ2 Control | pona CB! Control | 
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The Peripheral B ГО port buffers are push-pull devices i.e., the 
pull-up devices are switched OFF in the 0 state and ON for a 
logic 1. Since these pull-ups are active devices, the logic 1 
voltage will not go higher than --2.4У. 


Another difference between the PAO-PA7 lines and the PBO 
through PB7 lines is that they have three-state capability which 
allows them to enter a high impedance state when programmed 
to be used as input lines. In addition, data on these lines will be 
read properly, when programmed as output lines, even if the 
data signals fall below 2.0 volts for a "high" state or are above 
0.8 volts for a "low" state. When programmed as output, each 
line can drive at least a two TTL load and may also be used as 
a source of up to 1 milliampere at 1.5 volts to directly drive the 
base of a transistor switch, such as a Darlington pair. 


Because these outputs are designed to drive transistors directly, 
the output data is read directly from the Peripheral Output Reg- 
ister for those lines programmed to act as inputs. 


The final characteristic is the high-impedance input state which 
is a function of the Peripheral B push-pull buffers. When the 
Peripheral В ИО lines are programmed to act as inputs, the 
output buffer enters the high impedance state. 


DATA BUS BUFFERS (DBB) 


The Data Bus Buffers are 8-bit bidirectional buffers used for data 
exchange, on the DO-D7 Data Bus, between the microprocessor 
and the PIA. These buffers are tri-state and are capable of 
driving a two TTL load (when operating in an output mode) and 
represent a one TTL load to the microprocessor (when oper- 
ating in an input mode). 


INTERFACE SIGNALS 


The PIA interfaces to the R6500, R6500/* or the R65C00 micro- 
processor family with a reset line, a $2 clock line, a read/write 
line, two interrupt request lines, two register select lines, three 
chip select lines, and an 8-bit bidirectional data bus. 


The PIA interfaces to the peripheral devices with four interrupt 
control lines and two 8-bit bidirectional data buses. 


Peripheral Interface Adapter (PIA) 


Figure 1 (on the front page) shows the pin assignments for these 
interface signals and Figure 3 shows the interface relationship 
of these signal as they pertain to the CPU and the peripheral 
devices. 


CHIP SELECT (CS0, CS1, CS2) 


The PIA is selected when CSO and CS1 are high and CS2 is 
low. These three chip select lines are normally connected to the 
processor address lines either directly or through external 
decoder circuits. When the PIA is selected, data will be trans- 
ferred between the data lines and PIA registers, and/or periph- 
eral interface lines as determined by the R/W, RSO, and RS1 
lines and the contents of Control Registers A and B. 


RESET SIGNAL (RES) 


The Reset (RES) input initializes the R65C21 PIA. A low signal 
on the RES input causes all internal registers to be cleared. 


CLOCK SIGNAL (92) 


The Phase 2 Clock Signal (62) is the system clock that triggers 
all data transfers between the CPU and the PIA. $2 is gener- 
ated by the CPU and is therefore the synchronizing signal 
between the CPU and the PIA. 


READ/WRITE SIGNAL (R/W) 


Read/Write (RW) controls the direction of data transfers between 
the PIA and the data lines associated with the CPU and the 
peripheral devices. A high on the R/W line permits the peripheral 
devices to transfer data to the CPU from the PIA. A low on the 
R/W line allows data to be transfered from the CPU to the 
peripheral devices from the PIA. 


REGISTER SELECT (RSO, RS1) 


The two Register Select lines (RSO, RS1), in conjunction with 
the Control Registers (CRA, CRB) Data Direction Register access 
bits (see Table 1, bit 2) select the various R65C21 registers to 
be accessed by the CPU. RSO and RS1 are normally connected 
to the microprocessor (CPU) address output lines. Through con- 
trol of these lines, the CPU can write directly into the Control 
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RW 

R6500, НЫН 
R6500/ Hos 

On cso 

R65C00 eei 
MICROPROCESSOR cas 
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CT РАС-РАТ 
PERIPHERAL 
DEVICE 
СА А 
СА2 
СВІ PERIPHERAL 
свг DEVICE 
B 


(C 18» РВО-РВ7 


Figure 3. Interface Signals Relationship 
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Registers (CRA, CRB) the Data Direction Registers (DDRA, 
DDRB) and the Peripheral Output Registers (ORA, ORB). In 
addition, the processor may directly read the contents of the 
Control Registers and the Data Direction Registers. Accessing 
the Peripheral Output Register for the purpose of reading data 
back into the processor operates differently on the ORA and the 
ORB registers and therefore are shown separately in Table 2. 


Table 2. ORA and ORB Register Addressing 


Register | Data Direction 
Register Select Lines Control Register Operation 
Address CRA | CRB 
(Hex) | Н51 | RSO | (Bit 2) | (Bit 2) 
0 L L 1 == 
0 L L 9 == 
1 L H = = 
2 H L -- 1 
2 H L == 0 
3 H H = - 


INTERRUPT REQUEST LINES (IRQA, ВОВ) 


The active low interrupt Request lines (IRQÀ and ІНОВ) act to 
interrupt the microprocessor either directly or through external 
interrupt priority circuitry. These lines are open drain and are 
capable of sinking 1.6 milliamps from an external source. This 
permits all interrupt request lines to be tied together in a wired- 
OR configuration. The A and B in the titles of these lines cor- 
respond to the peripheral port A and the peripheral рой B so 
that each interrupt request line services one peripheral data 
port. 


Each Interrupt Request line has two interrupt flag bits which can 
cause the Interrupt Request line to go low. These flags are bits 
6 and 7 in the two Control Registers (CRA, CRB). These flags 
act as the link between the peripheral interrupt signals and the 
microprocessor interrupt inputs. Each flag has a corresponding 
interrupt disable bit which allows the processor to enable or dis- 
able the interrupt from each of the four interrupt inputs (САТ, 
CA2, CB1, CB2). The four interrupt flags are set (enabled) by 
active transitions of the signal on the interrupt input (CA1, CA2, 
СВ1, СВ2). 


CRA bit 7 (IRQA1) is always set by ап active transition of the 
CA1 interrupt input signal. However, ІНОА can be disabled by 
setting bit 0 in CRA to a 0. Likewise, CRA bit 6 (IRQA2) can be 
set by an active transition of the CA2 interrupt input signal and 
IRQA can be disabled by setting bit 3 in CRA to a 0. 


Both bit 6 and bit 7 in CRA are reset by a "Read Peripheral 
Output Register A" operation. This is defined as an operation 
in which the read/write, proper data direction register and reg- 
ister select signals are provided to allow the processor to read 
the Peripheral A I/O port. A summary of IRQA control is shown 
in Table 3. 


Control of IRQB is performed in exactly the same manner as 
that described above for IRQA. Bit 7 in CRB (IRQB1) is set by 
an active transition on CB1 and IRQB from this flag is controlled 
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by CRB bit 0. Likewise, bit 6 (IRQB2) in CRB is set by an active 
transition on CB2, and IRQB from this flag is controlled by CRB 
bit 3. 


Also, both bit 6 and bit 7 of CRB are reset by a "Read Peripheral 
B Output Register" operation. A summary of IRQB control is 
shown in Table 3. 


Table 3. IRQA and 1808 Control Summary 


j Action 
IRQA goes low (Active) 


IRGA goes юм (Active 


) 
IRGB goes low (Active) 
) 


Contro! Register Bits 
CRA-7=1 and CRA-0=1 
CRA-6=1 and CRA-3=1 
CRB-7=1 and САВ-0=1 
CRB-6=1 and CRB-3=1 


TRGB goes low (Active 


Note: 


The flags act as the link between the peripheral interrupt signals 
and the processor interrupt inputs. The interrupt disable bits allow 
the processor to control the interrupt funct.on. 


INTERRUPT INPUT/PERIPHERAL CONTROL LINES 
(CA1, CA2, CB1, CB2) 


The four interrupt input/peripheral control lines provide a number 
of special peripheral control functions. These lines greatly 
enhance the power of the two general purpose interface ports 
(РАО-РА7, PBO-PB7). Figure 4 summarizes the operation of 
these control lines. 


CA1 is an interrupt input only. An active :ransition of the signal 
on this input will set bit 7 of the Control Flegister A to a logic 1. 
The active transition can be programmed by setting а "0" in bit 
1 of the CRA if the interrupt flag (bit 7 o? CRA) is to be set on 
a negative transition of the CA1 signal or a "1" if it is to be set 
on a positive transition. 


Note: 


A negative transition is defined as a transition from a high 
to a low, and a positive transition is defined as a transition 
from a iow to a high voltage 


CA2 can act as a totally independent interrupt or as a peripheral 
control output. As an input (CRA, bit 5 = 0) it acts to set the 
interrupt flag, bit 6 of CRA, to a logic 1 on the active transition 
Selected by bit 4 of CRA. 


These control register bits and interrupt inputs serve the same 
basic function as that described above for CA1. The input signal 
sets the interrupt flag which serves as :he link between the 
peripheral device and the processor interrupt structure. The 
interrupt disable bit allows the processor to exercise control over 
the system interrupt. 


in the output mode (CRA, bit 5 = 1), CA2 can operate inde- 
pendently to generate a simple pulse each time the micropro- 
cessor reads the data on the Peripheral А I/O port. This mode 
is selected by setting CRA, bit 4 to a 0 a1d CRA, bit 3 to a 1. 
This pulse output can be used to control the counters, shift reg- 
isters, etc., which make sequential data available on the Periph- 
eral input lines. 
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CA2 INPUT MODE (BIT 5 = 0) 


CONTROL REGISTER A (CRA) 


7 6 5 4 3 2 0 
1АОА1 IRQA2 CA2 INPUT ІНОА2 ІНОА ОНА IRQA1 ІНОА 
FLAG FLAG MODE SELECT POSITIVE ENABLE SELECT POSITIVE ENABLE 

(=0} TRANSITION FOR IRQA2 TRANSITION FOR IROA1 
IROA'TROA2 TROAIROA1 
CONTROL CONTROL 
CA2 OUTPUT MODE (BIT 5 = 1) 

7 Г 6 5 4 3 2 1 0 
IRQA1 0 CA2 OUTPUT CA2 CA2 ORA IRQA1 (ROA 
FLAG MODE SELECT OUTPUT RESTORE SELECT POSITIVE ENABLE 

(=1) CONTROL CONTROL TRANSITION FOR iRQA1 
CA2 1АОАЛВОА1 
CONTROL CONTROL 


CA2 INPUT OR OUTPUT MODE (BIT 5 = 0 or 1) 


A transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. This bit is cleared by a read of Output Register 


Bit7 IRQA1 FLAG 

1 

A or by RES. 

0 No transition has occurred on CAt that satisfies the bit 1 ІНОА1 transition polarity степа. 
Bit 2 OUTPUT REGISTER A SELECT 

1 Select Output Register A. 

0 Select Data Direction Register А. 
Bit 1 IRQA1 POSITIVE TRANSITION 

1 Set IRQA1 Над (bit 7) on a positive (low-to-high) transition of CA1. 

0 Set IRQA1 Над (bit 7) on a negative (high-to-low) transition of САТ. 
Bit 0 IRQA ENABLE FOR IRQA1 

1 Enable assertion of IRQA when IRQAt1 Flag (bit 7) is set. 

0 Disable assertion of [RQA when IRQA1 Flag (bit 7) is set. 


— 


CA2 INPUT MODE (BIT 5 = 0) 


CA2 OUTPUT MODE (BIT 5 = 1) 


Bit 6 
1 


IRQA2 FLAG 

A transition has occurred on CA2 that satisfies the bit 4 
ІНОА2 transition potarity criteria. This flag is cleared by 
a read of Output Register A or by RES. 


0 No transition has occurred on CA2 that satisfies the bit 
4 iRQA2 transition polarity criteria. 
Bit5 СА2 MODE SELECT 
0 Select СА2 input Mode. 
Bit4 IRQA2 POSITIVE TRANSITION 
1 Set IRQA2 Flag (bit 6) on a positive (low-to-high) 
transition of CA2. 
0 Set IRQA2 Flag (bit 6) on a negative (high-to-low) 
transition of CA2. 
Ві 3 ІНОА ENABLE FOR IRQA2 
1 Enable assertion of IRQA when ІНОА2 Flag (bit 6) is 
set. 
0 Disable assertion of IRQA when iRQA2 Над (bit 6) is 


set. 


Bit6 NOT USED 
[0] Always zero. 


Bit5 СА2 MODE SELECT 
1 Select CA2 Output Mode. 


Bit 4 CA2 OUTPUT CONTROL 
1 CA2 goes low when a zero is written into CRA bit 3. 
CA2 goes high when a one is written into CRA bit 3. 
0 CA2 goes low оп the first negative (high-to-iow) 02 
clock transition following a read of Output Register A. 
CA2 returns high as specified by bit 3. 


Вй 3 CA2 READ STROBE RESTORE CONTROL (4 = 0) 
1 CA2 returns high on the next $2 clock negative 
transition following a read of Output Register A. 
0 CA2 returns high on the next active САТ transition 
following а read of Output Register A as specified by 
bit 1. 


Figure 4. Control Line Operations Summary (1 of 2) 
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CONTROL REGISTER B (CRB) 


CB2 INPUT MODE (BIT 5 = 0) 


7 6 5 4 3 2 | a 0 
IRQB1 IRQB2 CB2 INPUT IRQB2 IRQB ORB | ROB! АОВ 
FLAG FLAG MODE SELECT POSITIVE ENABLE SELECT POSITIVE ENABLE 

(=0) TRANSITION FOR IRQB2 | TRANSITION FOR IRQB1 
iRQB/IRQB2 TAOB/IRQB: 
| CONTROL | CONTROL 
CB2 OUTPUT MODE (BIT 5 = 1) 

7 6 5 4 3 2 | 1 0 
IRQB1 0 CB2 OUTPUT свг свг ORB ОВ! АСВ 
FLAG MODE SELECT OUTPUT RESTORE SELECT POSITIVE ENABLE 

(=1) CONTROL CONTROL | TRANSITION FOR IRQBt 
Баш ои 
CB2 TROQB/IRQBt 
CONTROL CONTROL 


CB2 INPUT OR OUTPUT MODE (BIT 5 = 0 or 1) 


Bit 7 


IRQB1 FLAG 


A transition has occurred on СВ1 that satisfies the bit 1 IRQB1 transition polarity criteria. This bit is cleared by a read of Output Register 


B or by RES. 


No transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. 


OUTPUT REGISTER В SELECT 
Select Output Register B. 
Select Data Direction Register B. 


IRQB1 POSITIVE TRANSITION 


Set IRQB1 Flag (bit 7) on a positive (low-to-high) transition of CB1. 
Зе РОВ! Flag (bit 7) on a negative (high-to-low) transition of CB1. 


ІНОВ ENABLE FOR IRQB1 


Enable assertion of IRGB when IRQB1 Flag (bit 7) is set. 
Disable assertion of IRQB when IRQB1 Flag (bit 7) is set. 


СВ2 INPUT MODE (ВІТ 5 = 0) 


CB2 OUTPUT MODE (BIT 5 = 1) 


Bit 6 
1 


IRQB2 FLAG 

A transition has occurred on CB2 thal satisfies the bit 4 
iRQBe transition polarity criteria. This flag is cleared by 
a read of Output Register B or by RES. 

No transition has occurred on СВ2 that satisfies the bit 
4 IRQB2 transition polarity criteria. 


CB2 MODE SELECT 
Select CB2 Input Mode. 


IRQB2 POSITIVE TRANSITION 

Set IRQB2 Flag (bit 6) on a positive (low-to-high) 
transition of CB2. 

Set IRQB2 Flag (bit 6) on a negative (high-to-low) 
transition of CB2. 


IRQB ENABLE FOR IRQB2 

Enable assertion of IRQB when IRQB2 Flag (bit 6) is 
set. 

Disable assertion of IRQB when IRQB2 Flag (bit 6) is 
set. 


Bit 6 
0 


Bit 5 


Bit 4 


Bit 3 


NOT USED 
Always zero. 


CB2 MODE SELECT 
Select CB2 Output Mode. 


CB2 OUTPUT CONTROL 

CB2 goes low when a zero is written into CRB bit 3. 
CB2 goes high when a one is written into CRB bit 3. 
CB? goes low on the first negative (high-to-low) 02 
Clock transition following a write to Output Register B. 
CB2 returns high as specified by Lit 3. 


CB2 WRITE STROBE RESTORE CONTROL 

(BIT 4 = 0) 

CB2 returns high on the next 02 clock negative 
transition following a write to Output Register B. 

CB? returns high on the next active СВ! transition 
following a write to Output Register B as specified by 
bit 1. 


Figure 4. Control Line Operations Summary (2 of 2) 
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A second output mode allows CA2 to be used in conjunction 
with САТ to “handshake” between the processor and the 
peripheral device. On the A side, this technique allows positive 
control of data transfers from the peripheral device into the 
microprocessor. The CA1 input signals the processor that data 
is available by interrupting the processor. The processor reads 
the data and sets CA2 low. This signals the peripheral device 
that it can make new data available. 


The final output mode can be selected by setting bit 4 of CRA 
to a t. In this mode, CA2 is a simple peripheral control output 
which can be set high or low by setting bit 3 or CRA to a 1 or 
а 0 respectively. 


СВ1 operates аз an interrupt input only in the same manner as 
СА1. Bit 7 of CRB is set by the active transition selected by bit 
0 of CRB. Likewise, the CB2 input mode operates exactly the 
same аз the CA2 input modes. The CB2 cutput modes, CRB 
bit 5 = 1, differ somewhat from those of CA2. The pulse output 
occurs when the processor writes data into the Peripheral B Out- 
put Register. Also, the “handshaking” operates оп data transfers 
from the processor into the peripheral device. 


READING THE PERIPHERAL A I/O PORT 


Peripheral Interface Adapter (PIA) 


transfers the data on the Peripheral A I/O lines to the data bus. 
In this situation, the data bus will contain both the input and out- 
put data. The processor must be programmed to recognize and 
interpret only those bits which are important to the particular 
peripheral operation being performed. 


Since the processor always reads the Peripheral A ИО port pins 
instead of the actual Peripheral Output Register (ОВА), it is 
possible for the data read by the processor to differ from the 
contents of the Peripheral Output Register for an output line. 
This is true when the I/O pin is not allowed to go to a full 
+2.4V DC when the Peripheral Output register contains a 
logic 1. In this case, the processor will read a 0 from the 
Peripheral A pin, even though the corresponding bit in the 
Peripheral Output register is a 1. 


READING THE PERIPHERAL B I/O PORT 


Reading the Peripheral В МО port yields a combination of input 
and output data in a manner similar to the Peripheral A port. 
However, data is read directly from the Peripheral B Output 
Register (ORB) for those lines programmed to act as outputs. 
It is therefore possible to load down the Peripheral B Output lines 
without causing incorrect data to be transferred back to the 
processor on a Read operation. 


Performing a Read operation with RS1 = 0, RSO = 0 and the 
Data Direction Register Access Control bit (CRA-2) = 1, directly 
teye 
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Figure 5. Read Timing Waveforms 
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Figure 6. Write Timing Waveforms 
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BUS TIMING CHARACTERISTICS 


Parameter 


92 Cycle 
02 Pulse Width 
02 Rise and Ра! Time 


READ TIMING 


Address Set-Up Time 
Address Hold Time 
Peripheral Data Set-Up Time 
Data Bus Delay Time 

Data Bus Hold Time 


WRITE TIMING 


Address Set-Up Time 
Address Hold Time 
R/W Set-Up Time 
R/W Hold Time 

Data Bus Set-Up Time 

Data Bus Hold Time 
Peripheral Data Delay Time 
Peripheral Data Delay Time to 
CMOS Level 


PERIPHERAL INTERFACE TIMING 


Peripheral Data Set-Up 
02 Low to CA2 Low Delay 
62 Low to CA2 High Delay 
CA1 Active to CA2 High Delay 
02 High to CB2 Low Delay 
Peripheral Data Valid to CB2 Low Delay 
92 High to CB2 High Delay 
CB1 Active to CB2 High Delay 
CA1, CA2, CB1 and CB2 
Input Rise and Fall Time 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter Symbol | "Value Unit *МОТЕ: Stresses above those listed may cause permanent 
| мас | 


damage to the device. This is a stress rating only and functional 


Supply Voltage Мес -0.3 to +7.0 A В E 
| Vai - operation of the device а! these or any other conditions above 
nput Voltage Vin 70.3 to «Усс | Міс | those indicated in the other sections of this document is not 
Operating Temperature Range | ТА Te Th °С implied. Exposure to absolute maximum rating conditions for 
Commercial 010 +70 extended periods may affect device reliability. 
Industrial —40 to +85 
[ Storage Temperature Tera -55t0 +150 | °C | 


OPERATING CONDITIONS 


| Parameter | Symbol | Value | 
Supply Voltage Vec 5V +5% 
Temperature Range Ta 
Commercial 0°C to 70°C 
Industrial -40°C to +85°C 


DC CHARACTERISTICS 


(сс = 5.0V +5%, Vss = 0, Ta = T, to Ty, unless otherwise noted) 


Parameter 1 Symbol | Min. | Турз | Мах. “Unit! na Test Conditions 
| ex ра 
Input High Voltage ils Мн +2.0 ES Vcc V 
Input Low Voltage Vie -0.3 - + 0.8 у 
input Leakage Current d, li — t1 t2.5 uA Vin = OV to 5.25V 
RW, RES, А50, RS1, CS0, CS1, CS2, Усс = OV 
СА1, CB1, 02 | + № М . | 
Output Leakage Current for Three-State Off а — i2 +10 ҺА Vin = 04У to 2.4V 
00-07, PBO-PB7, СВ2 1 Усс = 5.25V 
Input High Current Lm – 100 —250 — ҺА Мн = 2.4V 
РАО-РА7, CA2 
Input Low Current LS - -1 Г 1.6 тА Ми = 0.4V 
РАО-РА7, CA2 
| Output High Voltage Vou 1 T Veo = 475% 
АП outputs 2.4 - - M Ї одр = ~ 100A 
PBO-PB7, CB? (Darlington Drive) | 1.5 | = | — р 5 V | oap = -1.0 тА 
Output Low Voltage VoL — — *0.4 V Усс = 4.75V 


одр = 1.6 ПА 


Output High Current (Sourcing) 


Logic low – 100 – 1000 - uA Мон = 24V 
PBO-PB7, CB2 (Darlington Drive) = 1.0 ES -2.5 -10 mA Мон = 1.5V 
| Output Low Current (Sinking} | lo, 1.6 | - - _mA Vou = 0.4V 
Output Leakage Current (Off State) lorr - 1 #10 BA Мон = 2.4V 
IRQA, IROB 1 Vec = 5.25V 
Power Dissipation Pp 200 500 mW 
Input Capacitance Cin pF Veco = 5.0V 
00-07, PAO-PA7, РВО-РВ7, СА2, CB2 -- — 10 Мн = ОМ 
R/W, RES, 850, RS1, CSO, CS1, CS2 — - 7.0 {= 2 MHz 
СА1, CB1, 92 - - 20 ТА = 25°С 
Ошрш Сарасйапсе Соит - - 10 рЕ 
Notes: 


1. All units are direct current (dc) except for capacitance. 
2. Negative sign indicates outward current flow, positive indicates inward flow. 
З. Typical values are shown for Мсс = 5.0V and T4 = 25°C. 


2-34 


R6520 Peripheral Interface Adapter (PIA) 


PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP 


“- “ТТ 


: 


——À1 


1 
t c 
/ | М | 
Hab. SEATING PLANE || ` K 


40-PIN PLASTIC DIP 


LO c С Aa. 
40 

0.36 + [0.014 
pow 


0.040 | 0.060 
0.100 BSC 
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DESCRIPTION 


The R6522 Versatile Interface Adapter (VIA) is a very flexible I/O 
control device. In addition, this device contains a pair of very 
powerful 16-bit interval timers, а serial-to-parallel/parallel-to 
serial shift register and input data latching on the peripheral 
ports. Expanded handshaking capability allows control of 
bidirectional data transfers between VIA's In multiple processor 
Systems. 


Control of peripheral devices is handled primarily through two 
8-bit bidirectional ports. Each line can be programmed as either 
an input or an output. Several peripheral I/O lines can be 
controlled directly from the interval timers for generating 
programmable frequency square waves or for counting exter- 
nally generated pulses. To facilitate control of the many powerful 
features of this chip, an interrupt flag register, an interrupt enable 
register and a pair of function control registers are provided. 


ORDERING INFORMATION 


VERSATILE INTERFACE 
ADAPTER ANI 


R6522 


R6522 


FEATURES 


* Two 8-bit bidirectional I/O ports 

* Two 16-bit programmable timer/counters 
* Serial data port 

• TTL compatible 

* CMOS compatible peripheral control lines 


e Expanded “handshake” capability allows positive control of 
data transfers between processor and peripheral devices. 


* Latched output and input registers 
* 1 MHz and 2 MHz operation 
% Single +5V power supply 


Part Number: 
R6522 _ 


Temperature Range 
Blank = 40?C to +70°С 
Е = 40?C to +85°С 


Frequency 
No Letter 
A 


"oa 
~ 
= 

|= 
N 


1 
2 
3 
4 
5 
6 
7 
8 
9 


R6522 Pin Configuration 
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INTERFACE SIGNALS 
RESET (RES) 


Alow reset (RES) input clears all R6522 internal registers to logic 
0 (except T1 and T2 latches and counters and the Shift Register). 
This places all peripheral interface lines in the input state, disa- 
bles the timers, shift register, etc. and disables interrupting from 
the chip. 


INPUT CLOCK (PHASE 2) 


The input clock is the system $2 clock and triggers all data 
transfers between processor bus and the R6522. 


READ/WRITE (R/W) 


The direction of the data transfers between the R6522 and the 
system processor is controlled by the RW line in conjunction with 
the CS1 and CS2 inputs. When R/W is low, (write operation) and 
the R6522 is selected), data is transferred from the processor bus 
into the selected R6522 register. When R/Wis high, (read opera- 
tion) and the R6522 is selected, data is transferred from the 
selected R6522 register to the processor bus. 


DATA BUS (00-07) 


The eight bidirectional data bus lines transfer data between the 
R6522 and the system processor bus. During read cycles, the 
contents of the selected R6522 register are placed on the data 
bus lines. During write cycles, these lines are high-impedance 
inputs and data is transferred from the processor bus into the 
selected register. When the R6522 is not selected, the data bus 
lines are high-impedance. 
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CHIP SELECTS (С$1, CS2) 


The two chip select inputs are normaliy connected to processor 
address lines either directly or through decoding. The selected 
R6522 register is accessed when CS1 is high and CS2 is low. 


REGISTER SELECTS (RSO-RS3) 


The coding of the four Register Select inputs select one of the 16 
internal registers of the R6522, as shown in Table 1. 


INTERRUPT REQUEST (IRQ) 


The interrupt Request output goes low whenever an internal 
interrupt flag is set and the corresponding interrupt enable bit is a 
logic 1. This output is open-drain to allow the interrupt request 
signal to be wire-OR’ed with other equivalent signals in the 
system. 


PERIPHERAL PORT А (РА0-РА?) 


Port A consists of eight lines which can be individuailly pro- 
grammed to act as inputs or outputs under control of Data Direc- 
tion Register A. The polarity of output pins is controlled by an 
Output Register and input data may be latched into an internal 
register under contro! of the САТ line. All of these modes of oper- 
ation are controlled by the system processor through the internal 
control registers. These lines represent one standard TTL load in 
the input mode and will drive one standard TTL load in the output 
mode. Figure 2 illustrates the output circuit. 


00-07 

$2 
R6500 R/W 
MICROPROCESSOR SX 
BUS С51, CS2 
INTERFACE 


850-953 


PAO-PA7 


PERIPHERAL 
CBI INTERFACE 


Figure 1. R6522 VIA Interface Signals 
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PORT A CONTROL LINES (CA1, CA2) 


The two Port A control lines act as interrupt inputs or as hand- 
shake Outputs. Each line controls an internal interrupt flag with a 
corresponding interrupt enable bit. In addition, CA1 controls the 
latching of data on Port A input lines. CA1 is a high-impedance 
input only while CA2 represents one standard TTL load in the 
input mode. CA2 will drive one standard TTL load in the output 
mode. 


PORT В (РВО-РВ7) 

Peripheral Port B consists of eight bidirectional lines which are 
controlled by an output register and a data direction register in 
much the same manner as the Port A. In addition, the polarity of 
the PB7 output signal can be controlled by one of the interval tim- 
ers while the second timer can be programmed to count pulses 
on the PB6 pin. Port B lines represent one standard TTL load in 


the input mode and will drive one standard TTL load in the output 
mode. In addition, they are capable of sourcing 1.0 mA at 1.5 Vdc 
in the output mode to allow the outputs to directly drive Darlington 
transistor circuits. Figure 3 is the circuit schematic. 


PORT B CONTROL LINES (CB1, CB2) 


The Port B control lines act as interrupt inputs or as handshake 
outputs. As with CA1 and CA2, each line controls an interrupt 
flag with a corresponding interrupt enable bit. In addition, these 
lines act as a serial port under control of the Shift Register. These 
lines represent one standard TTL load in the input mode and 
will drive one standard TTL load in the output mode. CB2 can 
also drive a Darlington transistor circuit; however, CB1 cannot. 


Table 1. R6522 Register Addressing 


RS Coding Register Reglster/Description 
Number | RS3 ТЕ 150 Write (R/W = L) Read (А. 
| o [o0 | 0 ORB/IRB Output Register B Input Register B 
ү лс. CUI 1 ОВАЛВА | Output Register А input Register А 
| 2 | o | 770 Data Direction Register В x 
з | 0 | EX Data Direction Register A й 
| 4 | | 770 T1 Low-Order Latches T1 Low-Order Counter 
| _ 5 | о | 771 Т1 High-Order Counter i | 
в T о | то Tt Low-Order Latches 
PETERS = - 
| 8 [1 | 770 T2 Low-Order Latches T2 Low-Order Counter 
[т | 771 Т2 High-Order Counter р | 
10 о о Shift Register | 
мт | 4 Auxiliary Control Register 7 
770 РСН Peripheral Control Register B 
иг ЈЕВ interrupt Flag Register ай 
770 interrupt Enable Register = 
15 Е A ORA/IRA | Output Register B* | input Register В* 
ке. 
+5\ 
+5V 
9 
МРОТ al 
OUTPUT — Yo Г i 
CONTROL i 
РАО-РА7, РВО-РВ7, 
"СА? а CBI, CB2 
1 
VO CONTROL ІС» OUTPUT dom М 
А 4 
OUTPUT DATA | БАТ 1) 
== INPUT DATA — - — 
INPUT DATA 4—————— — 


Figure 2. Port A Output Circuit 


Figure 3. Port B Output Circuit 


2-38 


R6522 : Versatile Interface Adapter (VIA) 


FUNCTIONAL DESCRIPTION 


The internal organization of the R6522 МА is illustrated In Figure Reading a peripherai port causes the contents of the input Regis- 

4. ter (IRA, IRB) to be transferred onto the Data Виз. With input 

: latching disabled, IRA will always reflect the levels on the PA 

PORT A AND PORT B OPERATION pins. With input latching enabled, [RA will reflect the levels on the 
PA pins at the time the latching occurred (via CA1). 


The R6522 VIA has two 8-bit bidirectional /О ports (Port A and 


Port B) and each port has two associated control lines. The IRB register operates sirnilar to the IRA register. However, 
for pins programrned as outputs there is a difference. When 
Each 8-bit peripheral port has a Data Direction Register (DDRA, reading iRA, the level on the рт determines whether а 0 or a 1 is 
DDRB) for specitying whether the peripheral pins are to act as sensed. When reading IRB, however, the bit stored in the output 
inputs or outputs. A 0 in a bit of the Data Direction Register register, ORB, is the bit sensed. Thus, for outputs which have 
causes the corresponding peripheral pin to act as an input. A 1 large loading effects and which pull an output "1" down or which 
causes the pin to act as an output. pull an output “0” up, reading IRA may гезий in reading а “0” 
when a ‘'1” was actuaily prograrnmed, and reading a “1” when 
Each peripheral pin is also controlled by a bit in the Output Regis- а "0" was programmed. Reading IAB, on the other hand, will 
ter (ORA, ORB) and the Input Register (IRA, IRB). When the pin is read the "1" or "0" ievel actually programmed, no matter what 
programmed as an output, the voltage on the pin is controlled by the loading on the pin. 
the corresponding bit of the Output Register. A 1 in the Output 
Register causes the output to go high, and a "0" causes the out- Figures 5 through 8 illustrate the torrnats of the port registers. . 
putto go low. Data тау be written into Output Register bits corre- In addition, the input latching rnodes are selected by the Auxiliary 
sponding to pins which are prograrnmed as inputs. іп this case, Control Register (Figure 14). 


however, the output signal is unaffected. 


- 
INTERRUPT TRO 
CONTROL 
“OUTPUT _ BUFFERS 
_ (ОНА) _ (РА) К SPORTA 
DATA РРА) 
BUS ( ) 
AUXILIARY 
FUNCTION 
CONTROL 
HANDSHAKE 
CONTROL 
Aem) аты св! 
COUNTER | COUNTER свг 
(TIC-H) | (T1C-L) 
PORT B REGISTERS 
ACCESS TIMER 1 
TIMER 2 
“OUTPUT BUFFERS 
COUNTER! COUNTER | —> | (ORB | (PB) PORT B 
(T2C-H) | (T2C.L) DATA DIR 
(DDRE) 
--- ——À 


Flgure 4. R6522 VIA Block Diagram 
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HANDSHAKE CONTROL OF DATA TRANSFERS 


The R6522 allows positive control of data transfers between the 
system processor and peripheral devices through the operation 
of “handshake” lines. Port A lines (CA1, CA2) handshake data 
on both a read and a write operation while the Port B lines (CB1, 
CB2) handshake on a write operation only. 


Read Handshake 


Positive control of data transfers from peripheral devices into the 
system processor can be accomplished very effectively using 
Read Handshaking. In this case, the peripheral device must gen- 
erate the equivalent of a “Data Ready” signal to the processor 
signifying that valid data is present on the peripheral port. This 
signal normally interrupts the processor, which then reads the 


- 
REG 0—ORB/IRB 


OUTPUT REGISTER 
#83 | “В” (ORB) OR 
ва | INPUT REGISTER 
›вь| “B” (IRB) 


PB? 


PIN 
DATA DIRECTIDN WRITE 
SELECTION 
DDRB = "1" (OUTPUT) MPU WRITES OUTPUT LEVEL | MPU READS OUTPUT REGISTER 
(ORB) ВИТ IN DRB. PIN LEVEL HAS МО 
AFFECT 


DDRB = “0” (INF MPU WRITES (МТО ORB, BUT | MPU READS INPUT LEVEL ON PB 
(INPUT LATCHING DISABLED} № EFFECT ON PIN LEVEL, PIN 

UNTIL DDRIB CHANGED 
DORB = "0" (МРЏ 
(INPUT LATCHING ENABLED) 


MPUREADSIRB BIT, WHICH IS THE 
LEVEL OF THE РВ РІМ AT THE TIME. 
OF THE LAST CB1 ACTIVE 
TRANSITION. 


— 
Figure 5. Output Register B (ORB), Input Register B (IRB) 


REG 2—DDRB 


Ро DATA DIRECTION 


| paras! REGISTER “B” (DDRB) 
РВ5.РАБ 


PB6/PAG 


— ———— РВУИРА7 


"0” ASSOCIATED РВ PIN IS AN INPUT 
(HIGH IMPEDANCE) 

"1" ASSOCIATED РВ PIN 18 AN OUTPUT 
WHOSE LEVEL IS DETERMINED BY 
ORB REGISTER BIT 


Figure 7. Data Direction Register B (DDRB) 
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data, causing generation of a “Data Taken” signal. The periph- 
eral device responds by making new data available. This process 
continues until the data transfer is complete. 


In the R6522, automatic "Read" Handshaking is possible on the 
Peripheral A port only. The CA1 interrupt input pin accepts the 
“Data Ready” signal and CA2 generates the "Data Taken" sig- 
nal. The “Data Ready” signal will set an internal flag which may 
interrupt the processor or which may be polled under program 
control. The “Data Taken” signal can either be a pulse or a level 
which is set low by the system processor ard is cleared by the 
“Data Ready” signal. These options are shown in Figure 9 which 
illustrates the normal Read Handshake sequence. 


REG 1—ORA/IRA 


OUTPUT REGISTER 
“А” (ОНА) OR 

al INPUT REGISTER 
“A” (IRA) 


PIN 
DATA DIRECTION 
SELECTIDN 


DDRA = "1" (DUTPUT) MPU WRITES DUTPUT LEVEL | MPU FIEADS LEVEL ON PA PIN 
(INPUT LATCHING DISABLED) 


DORA = "1" (OUTPUT, MPU READS IRA БІТ WHICH (5 THE 
(INPUT LATCHING ENABLED) LEVEL OF THE PA РІМ AT THE TIME 
DF THE LAST CA1 ACTIVE 
TRANSITION 
DDRA = "0" (INPUT) MPU WRITES INTO ORA, BUT | MPU READS LEVEL ON РА PIN 
(INPUT LATCHING DISABLED) | NO EFFECT ON PIN LEVEL, 
UNTIL DORA CHANGED 


DORA = "0" (МРОТ) 
(МРОТ LATCHING ENABLED) 


MPU READS IRABIT, WHICH iS THE 
LEVEL OF THE PA PIN AT THE TIME 
OF THE LAST CA1 АСТМЕ 
TRANSITION 


L 
Figure 6. Output Register A (ORA), Input Register A (IRA) 


REG3--DDRA 
ШЫНЫ В 
Dor s PAD 


РАЗ DATA DIRECTION 
REGISTER “А” (DDRA) 


=- 
о > 
> > 
LEES 


"O0" — ASSOCIATED PA PIN 18 AN INPUT 
(HIGH IMPEDANCE) 

"1" ASSOCIATED PA PIN IS AN OUTPUT 
WHOSE LEVEL 15 DETERMINED BY 
ORA REGISTER BIT 


Figure 8. Data Direction Register A (DDRAO) 
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(CA1) | 
ЈЕО OUTPUT 


READ IRA OPERATION 
“DATA TAKEN” 
HANDSHAKE MODE = 
(CA2) 

“DATA TAKEN” 
PULSE MODE 
(CA2) 
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Figure 9. Read Handshake Timing (Port A, Only) 


Write Handshake 


The sequence of operations which allows handshaking data from 
the system processor to a peripheral device is very similar to that 
described for Read Handshaking. However, for Write Handshak- 
ing, the R6522 generates the “Data Ready” signal and the 
peripheral device must respond with the “Data Taken” signal. 
This can be accomplished on both the PA port and the PB port on 
the R6522. CA2 or CB2 act as a “Data Ready” output in either 
the handshake mode or pulse mode and CA1 or CB1 accept the 
“Data Taken” signal from the peripheral device, setting the inter- 
rupt flag and clearing the ‘‘Data Ready” output. This sequence 
is shown in Figure 10. 


Selection of operating modes for CA1, CA2, CB1, and CB2 is 
accomplished by the Peripheral Control Register (Figure 11). 


82 РЈ OLI LI а ГАР АЈ La uuu | 


DATA READY рор? 


_ 


— 


REG 12—PERIPHERAL CONTROL REGISTER 


CAY INTERRUPT CONTROL 


0 - NEGATIVE ACTIVE EDGE 
1 = POSITIVE ACTIVE EDGE 


INDEPENDENT INTERRUPT 
INPUT NEG EDGE 


CA2 CONTROL 


1| OPERATION 


INDEPENDENT INTERRUPT 
iNPUT-PDS EDGE 


O| INPUT NEGATIVE ACTIVE EDGE 


HANDSHAKE OUTPUT 


| 


PULSE OUTPUT 


O| INPUT POSITIVE ACTIVE EDGE 


LOW OUTPUT 


1] INDEPENDENT INTERRUPT 
INPUT. NEG EDGE 


1 
1/1] INDEPENDENT INTERRUPT 


HIGH OUTPUT 


INPUT POS EDGE 


1 


CB1 INTERRUPT CONTROL 


O= NEGATIVE ACTIVE EDGE 
1 = POSITIVE ACTIVE EDGE 


— 


O| HANDSHAKE OUTPUT 
0 |1 [PULSE OUTPUT 


0| LOW OUTPUT 


----і 


Figure 11. Регірһега! Control Register (PCR) 


WRITE ORA, ORB 
OPERATION 


"DATA READY" 


DATA READY аа 
PULSE MODE 


(CA2, CB2) 


92 SPU а ГА а ГГА 
=> oat АНЕ р iu 
HANDSHAKE MODE EGRE Qon сезе т Ы 

(СА2, CB2) | 


25 е ———{ 
ОАТА ТАКЕМ FEE. — 
(CA1, CB1) 


——— 
iRG OUTPUT et Cee = 


Figure 10. Write Handshake Timing 
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COUNTER/TIMERS 


There are two independent 16-bit counter/timers (called Timer 1 
and Timer 2) in the R6522. Each timer is controlled by writing bits 
into the Auxiliary Control Register (ACR) to select the mode of 
operation (Figure 14). 


Timer 1 Operation 


Interval Timer T1 consists of two 8-bit latches (Figure 12) and a 
16-bit counter (Figure 13). The latches store data which is to be 
loaded into the counter. After loading, the counter decrements 
at $2 clock rate. Upon reaching zero, an interrupt flag is set, and 
IRQ goes low if the T1 interrupt is enabled. Timer 1 then disables 
anv further interruots. or automaticallv transfers the contents of 
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the latches into the counter and continues to decrement. In ad- 
dition, the timer may be programmed to invert the output signal 
on a peripheral pin (РВ?) each time it ‘‘times-out’’. Each of these 


modes is discussed separately below. 


Note that the processor does not write directly into the low-order 
counter (T1C-L). Instead, this half of the counter is loaded auto- 
matically from the low order latch (T1L-L) when the processor 
writes into the high order counter (T1C-H). In fact, it may not be 
necessary to write to the low order counter in'some applications 
since the timing operation is triggered by writing to the high order 


latch. 


REG 6—TIMER 1 LOW-ORDER LATCH 


— 8 | COUNT 
-—————— 16 | VALUE 
ee Be 
---64 


WRITE - 8 BITS LDADED INTO T1 LOW-ORDER 
LATCHES. THIS OPERATION 1$ NO 
DIFFERENT THAN A WRITE INTO 
REG 4. 


READ - 8 BITS FROM Т1 LOW-ORDER LATCHES 
TRANSFERRED TO MFU. UNLIKE REG 4 
OPERATION, THIS DOES NOT CAUSE 
RESET OF T1 INTERRUPT FLAG 


REG 7—TIMER 1 HIGH-ORDER LATCH 


ra 2048 | COUNT 
- 4096 | VALUE 
- 8192 
------- 16384 
-> 32768 


WRITE - 8 BITS LOADED INTO T1 HIGH-ORCER 
LATCHES. UNLIKE ВЕС 4 OPERATI ON 
NO LATCH-TO-COUNTER TRANSFE3S 
TAKE PLACE. 

READ -8 BITS FROM T1 HIGH-ORDER LATCHES 
TRANSFERRED TO MPU 


Figure 12. Timer 1 (T1) Latch Registers 


REG 4—TIMER 1 LOW-ORDER COUNTER 


COUNT 
VALUE 


WRITE - 8 BITS LOADED INTO 71 LOW-ORDER 
LATCHES. LATCH CONTENTS ARE 
TRANSFERRED INTO LOW-ORDER 
COUNTER AT THE TIME THE HIGH- 
ORDER COUNTER 1$ LOADED (REG 5) 

READ -8 BITS FROM TI LOW-ORDER COUNTER 
TRANSFERRED TO MPU. IN ADDITION, 
T1 INTERRUPT FLAG IS RESET (BIT 6 
IN INTERRUPT FLAG REGISTER) 


REG 5—TIMER 1 HIGH-ORDER COUNTER 


1024 

2048 || COUNT 
4096 | VALUE 
3192 

16384) 


-------- 32768} 


WRITE – 8 BITS LODED INTO T^ HIGH-ORDEF: 
LATCHES. ALSO, AT THIS TIME BOT- 
HIGH- AND LOW-ORDER LATCHES 
TRANSFERRED INTO Tt COUNTER 
Т1 INTERRUPT FLAG ALSO IS RESET 
READ - 8 IBTS FROM Tt HIGH-ORDER COUNTER 
TRANSFERRED TO MPU. 


Figure 13. Timer 1 (T1) Counter Registers 
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REG 11—AUXILIARY CONTROL REGISTER 


0|0| TIMED INTERRUPT 
EACH TIME T1 15 
LDADED 


1| CDNTINUDUS 
INTERRUPTS 
о | TIMED INTERRUPT | DNE-SHDT 
EACH TIME 1115 DUTPUT 
LDADED 

1| CDNTINUOUS 
INTERRUPTS 


T2 TIMER CONTRDL 


5 | DPERATIDN 
0| TIMED INTERRUPT 


1| CDUNT DOWN WITH 
PULSES ON P86 


009069600 
Т1 ТІМЕН ЕСЕКТЕН е е 


= — i — => 


PA — LATCH ENABLE/DISABLE 


PB 0 = DISABLE 
1 = ENABLE LATCHING 


SHIFT REGISTER CONTROL 
[a] з [2 ]ОРЕВАТОМ 
[0| 0|0 DISABLED 
[o |o | TI SHIFT IN UNDER CONTROL DF T2 


gag SHIFT IN UNDER CONTROL OF 42 


SHIFT IN UNDER CDNTRDL DF EXT. CLK 
SHIFT DUT FREE-RUNNING AT T2 RATE 
1] 0 [1] SHIFT DUT UNDER CONTROL DF T2 
1[1|o|sHiFT OUT UNDER CONTROL OF 42 
1/1] 1] SHIFT DUT UNDER CDNTRDL DF EXT. CLK. 


Figure 14. Auxillary Control Register (ACR) 


Timer 1 One-Shot Mode 


The Timer 1 one-shot mode generates a single interrupt for each 
timer load operation. As with any interval timer, the delay 
between the “write T1C-H” operation and generation of the pro- 
cessor interrupt is a direct function of the data loaded into the tim- 
ing counter. In addition to generating a single interrupt, Timer 1 
can be programmed to produce a single negative pulse on the 
PB7 репрћга! pin. With the output enabled (ACR7=1) a "write 
Т1С-Н” operation will cause PB7 to go low. PB7 will return high 
when Timer 1 times out. The result is a single programmable 
width pulse. 


T1 interrupt flag will be set, the ВО pin will go low (interrupt ena- 
bled), and the signal on PB7 will go high. At this time the counter 
will continue to decrement at system clock rate. This allows the 
system processor to read the contents of the counter to deter- 
mine the time since interrupt. However, the T1 interrupt flag can- 
not be set again unless it has been cleared as described in this 
specification. 


EM 


IRQ OUTPUT 


РВ7 OUTPUT 


Timing for the R6522 interval timer one-shot modes is shown in 
Figure 15. 


In the one-shot mode, writing into the T1L-H has no effect on the 
operation of Timer 1. However, it will be necessary to assure that 
the low order latch contains the proper data before initiating the 
count-down with a "write T1C-H" operation. When the processor 
writes into the high order counter (T1C-H), the T1 interrupt flag 
will be cleared, the contents of the low order latch will be 
transferred into the low order counter, and the timer will begin to 
decrement at system clock rate. If the PB7 outputis enabled, this 
signal will go low on the $2 following the write operation. 
When the counter reaches zero, the T1 interrupt flag will be set, 
the IRQ pin will go low (interrupt enabled), and the signal on PB7 
will go high. At this time the counter will continue to decrement at 
system clock rate. This aliows the system processor to read the 
contents of the counter to determine the time since interrupt. 
However, the T1 interrupt flag cannot be set again unless it has 
been cleared as described in this specification. 


WRITE T1C-H Tu ———— ——IÀ 


N | ма | ма | ма | 


а Firmmrmrm,uirrrmru t 


ELM 


ме | мг | ма | 


М + 1.5 ORE. 


Flgure 15. Timer 1 One-Shot Mode Timing 
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Timer 1 Free-Run Mode 


The most important advantage associated with the latches in Т1 
is the ability to produce a continuous series of evenly spaced 
interrupts and the ability to produce a square wave on PB7 
whose frequency is not affected by variations in the processor 
interrupt response time. This is accomplished in the "free- 
running" mode. 


In the free-running mode, the interrupt flag is set and the signal 
on PB7 is inverted each time the counter reaches zero. However, 
instead of continuing to decrement from zero after a time-out, the 
timer automatically transfers the contents of the latch into the 
counter (16 bits) and continues to decrement from there. The 
interrupt flag can be cleared by writing T1C-H, by reading T1C-L, 
or by writing directly into the flag as described later. However, it is 
not necessary to rewrite the timer to enable setting the interrupt 
flag on the next time-out. 


Ail interval timers in the R6522 are "re-triggerable". Rewriting the 
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counter will always re-initialize the time-out period. in fact, the 
time-out can be prevented completely if the processor continues 
to rewrite the timer before it reaches zero. Timer 1 will operate in 
this manner if the processor writes into the high order counter 
(Т1С-Н). However, by loading the latches only, the processor can 
access the timer during each down-counting operation without 
affecting the time-out in process. Instead, the data loaded into 
the latches will determine the length of the next time-out period. 
This capability is particularly valuable in the free-running mode 
with the output enabled. In this mode, tne signal on PB7 is 
inverted and the interrupt flag is set with each time-out. By 
responding to the interrupts with new data for the latches, the 
processor can determine the period of the next half cycle during 
each half cycle of the output signal on PB7. In this manner, very 
complex waveforms can be generated. 


А precaution to take in the use of PB7 as the timer output con- 
cerns the Data Direction Register contents for PB7. Both DDRB 
bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer out- 
put. if one is 1 and the other is O, then PB7 "unctions as a normal 
output pin, controlled by ORB bit 7. 


WRITE T1C-H | 
OPERATION ——J __|__- = 


IRQ OUTPUT 


= N + 1.5 CYCLES ЖЕҢ меен М + 2 CYCLES — — — 


m | 


Figure 16. Timer 1 Free-Run Mode Timing 


Timer 2 Operation 


Timer 2 operates as an interval timer (in the “one-slot” mode 
only), or аз a counter for counting negative pulses on the PB6 
peripheral pin. A single control bit in the Auxiliary Control Register 
selects between these two modes. This timer is comprised of a 
“write-only” lower-order latch (T2L-L), a “read-only” low-order 
counter (T2C-L) and a read/write high order counter (T2C-H). 
The counter registers act as a 16-bit counter which decrements 
at 02 rate. Figure 17 illustrates the T2 Latch/Counter Registers. 


Timer 2 One-Shot Mode 


As ап interval timer, T2 operates in the “one-shot” mode similar 
to Time 1. In this mode, T2 provides a single interrupt for each 
“write Т2С-Н” operation. After timing out, ‘the counter will con- 
tinue to decrement. However, setting of the interrupt flag is 
disabled after initial time-out so that it will not be set by the counter 
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decrementing again through zero. The processor must rewrite 
T2C-H to enable setting of the interrupt flag. The interrupt flag 
is cleared by reading T2C-L or by writing Т2С-Н. Timing for this 
operation is shown in Figure 18. 


Timer 2 Puise Counting Mode 


іп the pulse couriting mode, T2 counts a predetermined number 
of negative-going pulses on РВб. This is accomplished by first 
loading a number into T2. Writing into Т2С-Н clears the interrupt 
flag and allows the counter to decrement each time a pulse is 
applied to PB6. The interrupt flag is set when T2 counts down 
past zero. The counter will then continue to decrement with each 
pulse on PB6. However, it is necessary to rewrite T2C-H to allow 
the interrupt flag to set on a subsequent time-out. Timing for 
this mode is shown in Figure 19. The pulse must be low on the 
leading edge of $2. 
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REG 8—TIMER 2 LOW-ORDER LATCH/COUNTER REG 9—TIMER 2 HIGH-ORDER LATCH/COUNTER 
т 256 
512 
4 1024 
8 COUNT 2048 COUNT 
16 | VALUE as | VALUE 
32. 8192 
et 16384 
128 32768 
WRITE - 8 8175 LOADED INTO Т2 LOW-ORDER WRITE — 88ITS LOADED INTO T? ttiGH-OROEA 
LATCH COUNTER. ALSO, LOW ORDER LATCH 
READ - FROM T2 LOW.DROER COUNTER TRANSFERRED TO LOW-ORDER 
x МЕ ТО MPU. T2 INTERRUPT COUNTER. ІМ ADDITION, 72 INTERRUPT 
FLAG 15 RESET. FLAG 15 RESET 
READ- 8ВІТ5 FROM T2 HIGH.DRDER CDUNTER 
TRANSFERRED TO MPU. 


Figure 17. Timer 2 (T2) Latch/Counter Registers 


лы Lee г г гл г гл гт. 
| 


WRITE T2C-H | || 


IRG OUTPUT жамыла зз. 
| 


м | ма | ма | ма | | о |н) | м | ма | № | 


je N + 1.5 CYCLES ә 


Figure 18. Timer 2 One-Shot Mode Timing 


o 


WRITE T2C-H 


OPERATION l 1 — —— —— ЧЕНИНЕ € 
PB6 INPUT Li LI Ж LI Ш 
IRQ OUTPUT | 


[м | v2 5 a3 | о | a 


Figure 19. Timer 2 Puise Counting Mode 
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SHIFT REGISTER OPERATION 


The Shift Register (SR) performs serial data transfers into and 
out of the CB2 pin under control of an internal modulo-8 counter. 
Shift pulses can be applied to the CB1 pin from an external 
source or, with the proper mode selection, shift pulses generated 
internally will appear on the CB1 pin for controlling external 
devices. 


The control bits which select the various shift register operating 
modes are located in the Auxiliary Control Register. Figure 20 
illustrates the configuration of the SR data bits and Figure 21 
shows the SR control bits of the ACR. 


SR Mode 0 — Disabied 


Mode 0 disables the Shift Register. In this mode the micropro- 
cessor can write or read the SR and the SR will shift on each CB1 
positive edge shifting in the value on CB2. In this mode the SR 
interrupt Flag is disabled (held to a logic 0). 


SR Mode 1 — Shift In Under Control of T2 


In mode 1, the shifting rate is controlled by the low order 8 bits of 
T2 (Figure 22). Shift pulses are generated on the CB1 pin to con- 
trol shifting in external devices. The time between transitions of 
this output clock is a function of the system clock period and the 
contents of the low order T2 latch (N). 


REG 10— Bst REGISTER 


nd 


SHIFT 
REGISTER 
BITS 


NOTES: 

1. WHEN SHIFTING OUT. BIT 7 !S THE FIRST BIT 
OUT AND SIMULTANEOUSLY IS ROTATEO BACK 
INTO BIT 0. 

2. WHEN SHIFTING IN, BITS INITIALLY ENTER 
BIT 0 AND ARE SHTFTEO TOWARDS BIT 7. 


The shifting operation is triggered by the read or write of the SR 
if the SR flag is set in the IFR. Otherwise the first shift will occur 
at the next time-out of T2 after a read or write of the SR. Data 
is shifted first into the low order bit of SR and is then shifted into 
the next higher order bit of the shift register on the negative-going 
edge of each clock pulse. The input data should change before 
the positive-going edge of the CB1 clock pulse. This data is shifted 
into the shift register during the 02 clock cycle following the 
positive-going edge of the CB1 clock pulse. After 8 CB1 clock 
pulses, the shift register interrupt flag will set and IRQ will go low. 


SR Mode 2 — Shift in Under $2 Controi 


in mode 2, the shift rate is a direct functicn of the system clock 
frequency (Figure 23). CB1 becomes an output which generates 
shift pulses for controlling external devices. Timer 2 operates as 
an independent interval timer and has no effect on SR. The shift- 
ing operation is triggered by reading or writing the Shift Register. 
Data is shifted, first into bit 0 and is ther shifted into the next 
higher order bit of the shift register on the trailing edge of each 62 
clock pulse. After 8 clock pulses, the shift register interrupt flag 
will be set, and the output clock pulses on CB1 will stop. 


REG 11—AUXILIARY CONTROL REGISTER 
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SHIFT REGISTER 
MODE CONTROL 


OPERATION 
DISABLED — ~ 
SHIFT IN UNDER CONTROL OF T2 
SHIFT IN UNDER CONTROL OF 12 
SHIFT IN UNOER CONTROL OF EXT CLK 
SHIFT OUT FREE RUNNING AT T2 RATE 
SHIFT OUT UNDER CONTROL OF T2 
SHIFTOUT UNDE R CONTROL OF 1:2 
SHIFT GUT UNDE В CONTROL OF EXT CLK 


Figure 20. Shift Registers 


Figure 21. Shift Register Modes 
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Figure 22. SR Mode 1 — Shift In Under T2 Control 
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SR Mode 3 — Shift in Under CB1 Contro! 


In mode 3, external pin CB1 becomes an input (Figure 24). This 
allows an extemal device to load the shift register at its own pace. 
The shift register counter will interrupt the processor each time 8 
bits have been shifted in. However, the shift register counter 
does not stop the shifting operation; it acts simply as a pulse 
counter. Reading or writing the Shift Register resets the Interrupt 
Flag and initializes the SR counter to count another 8 pulses. 


Note that the data is shifted during the first system clock cycle fol- 
lowing the positive-going edge of the CB1 shift pulse. For this 
reason, data must be held stable during the first full cycle follow- 
ing CB1 going high. 


SR Mode 4 — Shift Out Under T2 Control (Free-Run) 
Mode 4 is very similar to mode 5 in which the shifting rate is set by 
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READ SR 


CB1 OUTPUT 
SHIFT CLOCK 
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T2. However, in mode 4 the SR Counter does not stop the shifting 
operation (Figure 25). Since the Shift Register bit 7 (SR7) is 
recirculated back into bit 0, the 8 bits loaded into the shift register 
will be clocked onto CB2 repetitively. In this mode the shift regis- 
ter counter is disabled. 


SR Mode 5 — Shift Out Under T2 Control 

In mode 5, the shift rate is controlled by T2 (as in mode 4). The 
shifting operation is triggered by the read or write of the SR If the 
SR flag is set in the IFR (Figure 26). Otherwise the first shift will 
occur at the next time-out of T2 after a read or write of the SR. 
However, with each read or write of the shift register the SR 
Counter is reset and 8 bits are shifted onto CB2. At the same 
time, 8 shift pulses are generated on CB1 to control shifting in 
external devices. After the 8 shift pulses, the shifting is disabled, 
the SR Interrupt Flag is set and CB2 remains at the last data 
level. 


Figure 23. SR Mode 2 — Shift in Center 42 Controi 
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Figure 24. SR Mode 3 — Shift In Under CB1 Control 


WRITE SR 

№ + 2 CYCLES №2 
CB1 OUTPUT CYCLES 
SHIFT CLOCK 1 2 


Dad INPUT DY ХХХ РОС 5 


| 


Figure 25. SR Mode 4 — Shift Our Under T2 Control (Free-Run) 
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SR Mode 6 — Shift Out Under $2 Control 


In mode 6, the shift rate is controlled by the $2 system clock (Fig- 
ure 27). 


SR Mode 7 — Shift Out Under CB1 Control 


In mode 7, shifting is controlled by pulses applied to the CB1 pin 
by an external device (Figure 28). The SR counter sets the SR 


Interrupt Flag each time it counts 8 pulses but it does not disable 
the shifting function. Each time the microprocessor, writes or 
reads the shift register, the SR Interrupt Flag is reset and the SR 
counter is initialized to begin counting the next 8 shift pulses on 
pin CB1. After 8 shift pulses, the Interrupt Над is set. Тһе 
microprocessor can then load the shift register with the next byte 
of data. 
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Figure 26. SR Mode 5 — Shift Out Under T2 Control 
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Figure 27. SR Mode 6 — Shift Out Under $2 Control 
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Figure 28. SR Моде 7 — Shift Out Under CB1 Controi 
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interrupt Operation 


Controlling interrupts within the R6522 involves three principal 
operations. These are flagging the interrupts, enabling interrupts 
and signaling to the processor that an active interrupt exists 
within the chip. Interrupt flags are set in the Interrupt Flag Regis- 
ter (РА) by conditions detected within the R6522 or on inputs to 
the R6522. These flags normally remain set until the interrupt 
has been serviced. To determine the source of an interrupt, the 
microprocessor must examine these flags in order, from highest 
to lowest priority. 


Associated with each interrupt flag is an interrupt enable bit in 
the Interrupt Enable Register (IER). This can be set or cleared 
by the processor to enable interrupting the processor from the 
corresponding interrupt flag. If an interrupt flag is set to a logic 1 
by an interrupting condition, and the corresponding interrupt 
enable bit is set to a 1, the Interrupt Request Output (IRQ) will 
go low. IRQ is an “‘open-collector” output which can be "'wire- 
OR'ed" with other devices in the system to interrupt the processor. 


Interrupt Flag Register (IFR) 


In the R6522, all the interrupt flags are contained in one register, 
i.e., the IFR (Figure 29). In addition, bit 7 of this register will be 
read as a logic 1 when an interrupt exists within the chip. This 
allows very convenient polling of several devices within a system 
to locate the source of an interrupt. 


The Interrupt Flag Register (IRF) may be read directly by the proc- 
essor. In addition, individual flag bits may be cleared by writing 
а “1” into the appropriate bit of the ІРА. When the proper chip 
select and register signals are appplied to the chip, the contents 
of this register are placed on the data bus. Bit 7 indicates the 


status of the IRQ output. This bit corresponds to the logic func- 
tion: IRQ = IFR6 x IER6 + IFRS x 1ЕВ5 + IFR4 x IER4 + 
IFR3 x IER3 + IFR2 х IER2 + IFR1 x IER1 + IFRO x IERO. 


Note: 
x = logic AND, + = Logic OR. 


The IFR bit 7 is not а flag. Therefore, this bitis not directly cleared 
by writing a logic 1 into it. It can only be cleared by clearing all the 
flags In the register or by disabling all the active interrupts as dis- 
cussed in the next section. 


interrupt Enabie Register (IER) 


For each interrupt flag in IFR, there is a corresponding bit in the 
Interrupt Enable Register (IER) (Figure 30). Individual bits in the 
IER can be set or cleared to facilitate controlling individual inter- 
rupts without affecting others. This is accomplished by writing to 
the (IER) after bit 7 setor cleared to, in turn, set or clear selected 
enable bits. If bit 7 of the data placed on the system data bus 
during this write operation is a 0, each 1 in bits 6 through 0 clears 
the corresponding bit in the Interrupt Enable Register. For each 
zero in bits 6 through 0, the corresponding bit is unaffected. 


Selected bits in the IER can be set by writing to the IER with bit 7 
in the data word set to a 1. In this case, each 1 in bits 6 through 0 
will set the corresponding bit. For each zero, the corresponding 
bit will be unaffected. This individual control of the setting and 
clearing operations allows very convenient control of the inter- 
rupts during system operation. 


In addition to setting and clearing IER bits, the contents of this 
register can be read at any time. Bit 7 will be read as a logic 1, 
however. 


REG 13—iNTERRUPT FLAG REGISTER 


SET BY 
CA2 ACTIVE EDGE 


CLEARED BY 
READ OR WRITE 
REG 1 (ORAJ)* 
READ OR WRITE 
ВЕС 1 (ОВА) _ 
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WRITE T2 HIGH 
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INTERRUPTS 


CA1 ACTIVE EDGE 


COMPLETE 8 SHIFTS 


C82 ACTIVE EDGE 


TIME-DUT OF T2 


TIME-OUT OF 71 


ANY ENABLED 
INTERRUPT 


* IF THE СА2/СВ2 CONTROL IN THE PCR IS SELECTED AS 
"INDEPENDENT" INTERRUPT INPUT, THEN READING OR 
WRITING THE DUTPUT REGISTER DRA/DRB WILL NOT 
CLEAR THE FLAGBIT. INSTEAD, THE BIT MUST BE 
CLEARED ВУ WRITING INTO THE IFR, AS DESCRIBED 
PREVIOUSLY 
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Figure 29. interrupt Fiag Register (IFR) 
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ЕРЕ 
САТ 
SHIFTREG) o = INTERRUPT 
свг DISABLED 
em 1 = INTERRUPT 
TIMER2 ENABLED 
TIMER 1 
SET/CLEAR 


NOTES: 

1.1F BIT 7 ISA "0", THEN EACH "1" IN BITSO- 6 DISABLES THE 
CORRESPONDING INTERRUPT. 

2. 1Е BIT7 ISA "1", THEN EACH "1" IN BITS O - 6 ENABLES THE 
CDRRESPONDING INTERRUPT. 

3. IF AREAD DF THIS REGISTER IS DONE, BIT 7 WILL BE "1" AND 
ALL DTHER BITS WILL REFLECT THEIR ENABLE/DISABLE STATE. 


Flgure 30. Interrupt Enable Register (IER) 
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PERIPHERAL INTERFACE CHARACTERISTICS 


Symbol | ~ Characteristic Min. Max. | Unit | Figure 
tet Rise and Fall Time for CA1, СВІ, СА? and CB2 Input Signals [ — | 349 | да E 
Са? | Delay Time, Clock Negative Transition to CA2 Negative Transition (read handshake or || — E 1.0 | uS 1 31a, 31b 

L puise mode) | m i 
tas: Delay Time, Clock Negative Transition to CA2 Positive Transition (pulse mode) E — 1.0 n3 31a 
tase Delay Time, CA1 Active Transition to CA2 Positive Transition (handshake mode) =a 2.0 | us 31b 
twas | Delay Time, Clock Positive Transition to CA2 or СВ2 Negative Transition 005 | 10 | № | тоза 
(write handshake) 
tos Delay Time, Peripheral Data Valid to CB2 Negative Transition | 0.20 al 1.5 | uS | 31с, 31d 
tas3 | Delay Time, Clock Positive Transition to CA2 or CB2 Positive Transition (pulse mode) DS 1.0 n | 31c 
tasa Delay Time, CA1 or CB1 Active Transition to CA2 or CB2 Positive Transition -- 2.0 uS 31d 
| (handshake mode) : | _ | 
tor Delay Time Required from CA2 Output to CA1 Active Transition (handshake mode) 400 — ns 31d 
ч. Setup Time, Peripheral Data Valid to CA1 or СВ! Active Transition (input latching) 300 _| = | D$ 31e 
taL CA1, CB1 Setup Prior to Transition to Arm Latch i 300 — ns 31e 
| бон j£ Peripheral Data Hold After CA1, CB1 Transition 150 E — ns | Әле 
[n Shift-Out Delay Time — Time from Фф; Falling Edge to CB2 Data Out | а 300 ns sit 
(бр Shift-In Setup Time — Time from СВ2 Data In to Ф, Rsing Edge 300 —___0% 319 
(Аз [oc Meme Shift Clock (CB1) Setup Time Relative to Фф, Trailing Edge M 100 А Toy ns 31g 
| tew Pulse Width — PB6 Input Pulse | ҒАР | =-  . [| эп 
(см 2 Pulse Width — CB1 Input Clock ; 2х Tey | rH | 3th 
ties Pulse Spacing — PB6 Input Pulse 2 x Toy — | 31! 
tics Pulse Spacing — CB1 Input Pulse | [2 x Toy КЕ | 31h 
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PERIPHERAL INTERFACE WAVEFORMS 
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Figure 31b. CA2 Timing for Read Handshake, Handshake Mode 
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Figure 31c. CA2, CB2 Timing for Write Handshake, Pulse Mode 
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Figure 31d. CA2, CB2 Timing for Write Handshake, Handshake Mode 
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Figure 31e. Peripheral Data Input Latching Timing 
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Figure 31f. Timing for Shift Out with internal or External Shift Clocking 
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Figure 31i. Pulse Count Input Timing 
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BUS TIMING CHARACTERISTICS 
| R6522 (1 MHz) R65224 (2 MHz) 
Parameter Symbol Min. Max. Min. 1 Max. Unit 
READ TIMING 
= Сусіе Тіте Toy 1 10 T 0.5 10. из 
Address Set-Up Time pm о |  — о | — ns 
Address Hold Time T 0 — 0 — ns 
; mi CAR 
Peripheral Data Set-Up Time Троя 300 = 150 | - ns 
Data Bus Delay Time Тсов - 365 - | 190 ns 
Data Bus Hold Time ae 10 E: о [| - ns 
WRITE TIMING 
PETRUS 5А У 
Cycle Time Tcv 1 10 0.50 10 uS 
- + - = 
92 Pulse width Te 470 — 235 L — ns 
Address Set-Up Time Tacw 180 — 90 — m ns 1 
Address Hold Time Tcaw 0 - 0 | қат ns 
R/W Set-Up Time Twow 180 - Г 90 —_. ns 
RW Hold Time Теме 0 E 0 =, n | 
Data Bus Set-Up Time Тосуу 200 S. = 90 | — ns 
Data Bus Hold Time THw 10 — 4 10 Тілі. ns 
| Peripheral Data Delay Time Teew а — 4. 1.0 — 05. из - 
Peripheral Data Delay Time Tomos — 2.0 - 1.0 из 
to CMOS Levels : ES rus] | Д 
Note: ің and te = 10 to 30 ns. | i | 
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BUS TIMING WAVEFORMS 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter | утро! | Value Unit | 
| Supply Voltage Voc -0.3 to -7.0 | Vde 
| | 
| Input Voltage Vin -0.3 to +7.0 Мас | 
Operating Temperature 
Commercial ТА 0 to +70 °С 
Industrial - 40 to +85 | °C | 
Storage Temperature Тете – 55 to +150 | °С 


OPERATING CONDITIONS 


Value 


_ Parameter Symbol 
Supply Voltage Voc 5V +5% 
Temperature Range Ta 
Commercial 0°C to 70°C 


DC CHARACTERISTICS 
Мес = 5.0 Мас +5%, Vss - 0, ТА = 


Versatile Interface Adapter (VIA) 


*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or алу other conditions above those indicated in the 
other sections of this document is not implied. Exposure to abso- 
lute maximum rating conditions for extenced periods may affect 
device reliability. 


Ті to Ty, unless otherwise noted) 


= р 
|| Parameter | Symbol 4 Min. T Typ.3 Мах Unit Test Conditions 
Input High Voltage ERI Мн 2.4 EB = Vec 4 M 
Input Low Voltage Vu | -0.3 - | 0.4 1 у a 
Input Leakage Current I p m +1 +2.5 МА | Vy <0У0525У | 
АМҮ, RES, 850, RS1, RS2, 153, CS1, CS2, САТ, 02 к Же Voc = OV 
L : PEE БЕ Е 
Input Leakage Current for Three-State ОН а d — +2 +10 EI pA | Мм = 0.4V to 2.4V 
| 00-007 | _| 2 | Мес = 5.25V 
Input High Current mm | -100 - 200 Es БА | Vy = 24У 
|... PAC-PAT, CA2, РВО-РВ7, CB1, CBS а | e _| Мос = 5.25 
Input Low Current n — - -0.9 -1.8 mA | Ve = 0.4V 
РАО-РА?, CA2, РВО-РВ7, CB1, СВ2 __| EL Voc = 5.25V 
Output High Voltage Vou | 2m gj c Veo = 4.75V 
All outputs 2.4 - - M одр = ~ 100 pA 
PBO-PB7, CB2 (Darlington Drive) _ 1.5 m = V одр = – 1.0 mA 
Output Low Voltage Vo. = — | o4 | v уо = 4757 
NI | ОАО = 1.6 mA 
Output High Current (Sourcing) low T T 
Logic – 100 - 1000 — вА | Мон = 24У 
PBO-PB7, СВ2 (Darlington Drive) | -10 -2.5 -10 1 ПА | Мон = 1.5V | 
Output Low Current (Sinking) [о {| 136€ | — [| — | та [Vo = 04у 
Output Leakage Current (Off State) Їоғғ = 4 +10 nw Мон = 2.4V 
IRQ | Мос = 5.25V 
S cn 
Power Dissipation Pp d snm 450 |_ 700 mW 
x ы е 
input Capacitance aa С Ма эке T Мес = 5.0V 
RM, RES, RSO, RS1, RS2, 853, CS1, CS2, - — 7 pF | Vin = OV 
00-07, PAO-PA7, CA1, CA2, РВО-РВ7 
CB1, CB2 = = 10 pF | f = 1 MHz 
02 при - - 20 Е | TA = 25°С 
| р - 5) - oe ils | P | № 5 
Ошрш Сараснапсе Соит — - 10 | рЕ 
|- А. = 8 ЫЗ 
Notes: 
1. All units are direct current (DC) except for capacitance. 
2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. Typical values shown for Усс = 5.0V and T4 = 25°C. 
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PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP 


MILLIMETERS] INCHES | 


40-PIN PLASTIC DIP 
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DESCRIPTION 


The 86530 ROM-RAM-I/O-Timer (RRIOT) combines read only 
memory, random access memory, parallet /О data ports, and 
timer functions into a single peripheral device which operates 
in conjunction with any CPU in the R6500 microprocessor family. 
The R6530 allows two chip solutions in a variety of production 
applications. It is comprised of a mask programmable 1024 x 
8 ROM, а 64 x 8 static RAM, two software controlled 8-bit 
bidirectional data ports allowing direct interfacing between the 
microprocessor unit and peripheral devices, and a software pro- 
grammable interval timer with interrupt, capable of timing in var- 
ious intervals from 1 to 262,144 clock periods. 


ORDERING INFORMATION 


ROM-RAM-I/O-TIMER (RRIOT) 


R6530 


R6530 


FEATURES 


* 1024 x 8 mask programmable ROM 

* 64 x 8 static RAM 

* Two 8-bit bidirectional data ports for interface to peripherals 
* Two programmable data direction registers 

* Programmable interval timer 

* Programmable interval timer interrupt 

• TTL & CMOS compatible peripheral Ines 

* Peripheral pins with direct transistor drive capability 


* 8-bit directional data bus for direct communication with the 
microprocessor 


* High impedance three-state data bus 


* Allows up to 7K contiguous bytes of ЗОМ with no external 
decoding 


Part Number: R6530_ 


Package: 
C = Ceramic DIP 
P = Plastic DIP 


Temperature Range: 
0°С to 70°С 


Frequency: 
1 MHz 


Note: A custom part number will be assigned by Rockwell. 
ROM codes should be submitted using НОМ Code Order 
Form, Order No. 2137. 
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INTERFACE SIGNALS 


RESET (RES) 


During system initialization, a RES input causes zeroing of all 
four ГО registers. This in turn causes all ГО buses to act as 
inputs thus protecting external components from possible 
damage and erroneous data while the system is being config- 
ured under software control. The Data Bus Buffers are put into 
an off state during Reset. interrupt capability is disabled with 
the RES signal. The RES signal must be held low for at least 
one clock period when reset is required. 


READ/WRITE (R/W) 


The R/W input is supplied by the microprocessor and controls 
the transfer of data between the R6530 and the microprocessor 
via the data bus. A high on the R/W pin reads (with proper 
addressing) data from the R6530 onto the data bus. A low on 
the R/W pin writes (with proper addressing) data from the data 
bus into R6530. 


PHASE 2 CLOCK (22) ' 


The Phase 2 clock (02) input is the system clock generated by 
the CPU that triggers all data transfers between the data bus 
and the R6530. 


INTERRUPT REQUEST (IRQ) 


The IRQ pin is an interrupt pin from the interval timer. This same 
pin, if not used as an interrupt, can be used as a peripheral 
VO ріп (PB7). When used as an interrupt, the pin should be set 
up as an input by the Data Direction Register. The pin will be 
normally high with a low indicating an interrupt from the R6530. 
An external pull-up device is not required; however, if collector- 
ова with other devices, the internal рићир may be omitted with 
a mask option. 


DATA BUS (00-07) 


Тһе R6530 has eight bidirectional data pins (00-07). These 
pins connect to the system's data lines and allow transfer of data 
to and from the microprocessor. The output buffers remain in 
the off state except when selected for a Read operation. 


A0-A9 


R6500 
MICROPROCESSOR 
BUS 92 


*MASK PROGRAMMABLE 
OPTION. 


ADDRESS LINES (А0-- A9) 


There аге 10 address pins (A0—A9). In addition, there is the 
ROM Select pin (RSO). Further, pins PB5 and PB6 are mask 
programmable, and can be used either individually or together 
as chip selects. When used as peripheral data pins they cannot 
be used as chip selects. 


ROM SELECT (Н50) 


RSO serves as an additional address input line. When RSO is 
high, internal ROM is selected; when А$0 is low, internal ROM 
is not selected. 


PERIPHERAL DATA PORTS 


The R6530 has 16 pins available for peripheral /O operations. 
Each pin is individually software programmable to act as either 
an input or an output. The 16 pins are divided into two 8-bit 
ports, PAO-PA7 and РВО-РВ7. PB5, PB6 and РВ? also have 
other uses which are discussed in later sections. The pins are 
set up as an input by writing a “0” into the corresponding bit of 
the Data Direction Register. A “1” into the Data Direction Reg- 
ister causes its corresponding bit to be an output. When in the 
input mode, the Peripheral Data Buffers are in the "1" state and 
the internal pull-up device acts as less than one TTL load to 
the peripheral data lines. On a Read operation, the micropro- 
cessor unit reads the peripheral pin. When the peripheral device 
gets information from the R6530 it receives data stored in the 
Output Register. The microprocessor will read correct infor- 
mation if the peripheral lines are greater than 2.0 уой (for a 
“4”) or less than 0.8 volts (for a “0”) as the peripheral pins аге 
all TTL compatible. 


CHIP SELECT (CS0, CS1) 


Pins 18 and 19 are individually selectable at mask time as either 
chip selects CS1 and CS2, respectively, or port B functions PB6 
and РВ5, respectively. 


РАО-РА7 


PERIPHERAL 
INTERFACE 


PBO-PB7 


Interface Signals 


R6530 


INTERNAL ORGANIZATION 


The R6530 is divided into four basic sections: RAM, ROM, VO 
and Timer. The RAM and ROM interface directly with the micro- 
Processor through the system data bus and address lines. The 
VO secticn consists of two 8-bit halves. Each half contains a 
Data Direction Register (DDR) and an Output Register. 


ROM—1K BYTE (8K BITS) 


The 1K byte ROM is in a 1024 x 8 configuration. Address lines 
А0-А9, as well as RSO are needed to address the entire ROM. 
With the addition of CS1 and CS2, seven R6530's may be 
addressed, giving 7168 x 8 bits of contiguous ROM. 


RAM—64 BYTES (512 BITS) 


А 64 x 8 static RAM is contained on the R6530. It is addressed 
by А0-А5 (Byte Select), АО, Аб, A7, А8, A9 and, depending 
on the number of chips in the system, CS1 and CS2. 


ROM-RANM-I/O-T imer (RRIOT) 


INTERNAL PERIPHERAL REGISTERS 


There are four internal registers, two data direction registers and 
two output registers. The two data direction registers (A side and 
B side) contro! the direction of the data into and out of the 
peripheral pins. A "1" written into the Data Direction Register 
sets up the corresponding peripheral buffer pin as an output. 
Therefore, anything then written into the Output Register will 
appear on that corresponding peripheral pin. А "0" written into 
the DDR inhibits the output buffer from transmitting data from 
the Output Register. For example, a “1” loaded into Data Direc- 
tion Register A, position 3, sets up peripheral pin PA3 as an 
output. If a "0" had been loaded, PA3 would be configured as 
an input and remain in the high state. The two Data Output Reg- 
isters are used to latch data from the Data Bus during a Write 
operation until the peripheral device can ‘ead the data supplied 
by the microprocessor. 


During a Read operation the microprocessor is reading the 
peripheral data pins. For the peripheral data pins which are 
programmed аз outputs the microprocessor will read the cor- 
responding data bits of the Output Register. The only way the 
Output Register data can be changed is by a microprocessor 
Write operation. The Output Register is rot affected by a Read 
of the data on the peripheral pins. 


PAO PA7 


DATA 
DIRECTION 
REGISTER 

A 


OUTPUT PERIPHERAL 
REGISTER DATA BUFFER 
A A 


ADDRESS 
DECODER 


INTERVAL 
TIMER 


PB7 


PBO 


PERIPHERAL 
|DATA BUFFER 
B 


OUTPUT 
REGISTER 
B 


DATA 
1K x8 DIRECTION 
ROM REGISTER 


B 


R6530 Block Diagram 


2-60 


R6530 


INTERVAL TIMER 


The Timer section of the R6530 contains three basic parts: pre- 
scale divide down register, programmable 8-bit register and 
interrupt logic. 


The interval timer can be programmed to count up to 256 time 
intervals. Each time interval can be either 1T, 8T, 64T or 1024T 
increments, where T is the system clock period. When a full 
count is reached, an interrupt flag is set to a logic “1”. After the 
interrupt flag is set the internal clock begins counting down to 
a maximum of — 2257. Thus, after the interrupt ад is set, а Read 
of the timer will tell how long since the flag was set up to a max- 
imum of 255T. 


The 8 bit system Data Bus is used to transfer data to and from 
the Interval Timer. If a count of 52 time intervals were to be 
counted, the pattern 0011010 O would be put on the 
Data Bus and written into the Interval Timer Register. 


At the same time that data is being written to the Interval Timer, 
the counting interval (t, 8, 64, or 1024T) is decoded from 
address lines AO and A1. During a Read or Write operation 
address line A3 controls the interrupt capability of PB7, i.e., A3 — 
1 enables IRQ on PB7, АЗ = 0 disables IRQ on PB7. When 
PB7 is to be used as an interrupt flag with the interval timer it 
should be programmed as an input. If PB7 is enabled by АЗ and 
an interrupt occurs PB7 will go low. When the timer is read prior 
to the interrupt flag being set, the number of time intervals 
remaining will be read, i.e., 51, 50, 49, etc. 


ВАМ АЗ 


INTERRUPT. PROGRAMMABLE DIVIDE 2 
IRQ CONTROL | REGISTER DOWN Ф 


07 De 04 02 ро 


07 05 0301 - 
06 | 04 | 02 А0 


ROM-RAM-I/O-Timer (RRIOT) 


When the timer has counted down to O 000000 Ооп ће 
next count time an interrupt will occur and the counter will read 
113111 1 1 1. After interrupt, the Timer Register decre- 
ments at a divide by "1" rate of the system clock. If after inter- 
гирь the timer is read and a value of 1 1 1 0 0 1 0 Oisread, 
the time since interrupt is 27T. The value read is in one's 
complement. 


Value read —11100100 
Complement =00011011=27 


Thus, to arrive at the total elapsed time, merely do a one's com- 
plement and add to the original time written into the timer. 
Again, assume time written as 0 O 1 1 01 00(-52). With 
a divide by 8, total time to interrupt is (52 x 8) + 1 = 417T. Total 
elapsed time would be 417T + 27T = 444T, assuming the value 
read after interrupt was 1 1 100 100. 


After the interrupt, whenever the timer is written or read the 
interrupt is reset. However, the reading of the timer at the same 
time the interrupt occurs will not reset the interrupt flag. When 
the interrupt flag is read on D7 all other D outputs (DO through 
06) go to “0”. 


When reading the timer after an interrupt, A3 should be low so 
as to disable the IRQ pin. This is done so as to avoid future 
interrupts until after another Write timer operation. 


Basic Elements of Interval Timer 


R6530 ROM-RAN-1/O-Timer (RRIOT) 


Ф Ф 9 Ф © 
92 IN | 0 | | 1 l | 2 | 3 | Газ | [24 | Г] CAMEL | IET | 
WRITE T dE MMC RENE ce ИРИНЕ 


mo | бе 


© Data written into interval timer 15:0 0 1 1 0 1 0 0 = 5249 


(2) Data in Interval timer 5: 000 1 1 0 0 1 = 2510 


бр -i24 = 52 -26-1 = 25 


(8) Data in Interval timer {5:0 0000000 =0% 
5 - 418 - 1 = 52 —51 -1=0 


@ interrupt has occurred at #2 pulse #416 
Data in Interval timer is: 1 1 1 1 1 1 1 1 


Ө] Data in Interval йтегіѕ: 10101100 
two's complement is: 0101001 1 = 8310 
83 + (52 x 8) + 1 = 50019 


R6530 Timer Example 


2-62 


R6530 
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ADDRESSING 


Addressing of the R6530 offers many variations to the user for 
greater flexibility. The user may configure his system with RAM 
in lower memory, ROM in higher memory, and I/O registers with 
interval timers between the extremes. There are 10 address 
lines (A0 —A9). In addition, there is the possibility of З additional 
address lines to be used as chip-selects and to distinguish 
between ROM, RAM, I/O and interval timer. Two of the addi- 
tional lines are chip-selects 1 and 2 (C81 and CS2). The chip- 
select pins can also be PB5 and PB6. Whether the pins are 
used as chip-selects or peripheral I/O pins is a mask option and 
must be specified when ordering the part. Both pins act inde- 
pendently of each other in that either or both pins may be des- 
ignated as a chip-select. The third additional address line is 
В50. The R6502 and R6530 in а 2-chip system would use RSO 
to distinguish between ROM and non-ROM sections of the 
R6530. With the addressing pins available, a total of 7K con- 
tiguous ROM may be addressed with no external decode. Follow- 
ing is an example of a 1-chip and a 7-chip R6530 Addressing 
Scheme. 


ONE-CHIP ADDRESSING 


A 1-chip system decode is illustrated in the R6530 One-Chip 
Address Encoding Diagram. 


SEVEN-CHIP ADDRESSING 


in the seven-chip system, the objective wouid be to have 7K 
bytes of contiguous ROM, with RAM in low order memory. The 
7K of ROM could be placed between addresses 65,535 and 
1024. For this case, assume A13, A14 and A15 are all 1 when 
addressing ROM, and 0 when addressing RAM or I/O. This 
would place the 7K ROM between addresses 65,535 and 58,367. 
The two pins designated as chip-select, ог VO, would be masked 
programmed as chip-select pins. Pin RS0 would be connected 
to address line A10. Pins C81 and CS2 would be connected to 
address lines A11 and A12 respectively. See table 1. 


The two examples shown would allow addressing of the ROM 
and RAM; however, once the I/O or timer has been addressed, 
further decoding is necessary to select which of the VO registers 
are desired, as well as the coding of the interval timer. 


1/0 REGISTER—TIMER ADDRESSING 


Table 2, Addressing Decode for I/O Register and Timer, 
illustrates the address decoding for the internal elements and 
timer programming. Address lines A2 distinguishes ЏО registers 
from the timer. When А2 is high and ИО timer select is high, 
the ИО registers are addressed. Once the МО registers are 
addressed, address lines A1 and AO decode the desired register. 


When the timer is selected A1 and AO decode the divide by 
matrix. In addition, Address A3 is used to enable the interrupt 
flag to PB7. 


Table 1. R6530 Seven-Chip Addressing Scheme 


А6530 #1 
R6530 #2 


ROM Select 
RAM Select 
VO Timer 


ROM Select 
RAM Select 
VO Timer 


R6530 #3 ROM Select 1 
RAM Select 0 
VO Timer 0 


ROM Select 
RAM Select 
VO Timer 


ROM Select 
RAM Select 
VO Timer 


ROM Select 
RAM Select 
VO Timer 


ROM Select 
RAM Select 
VO Timer 


Address, Chip Select and Register Select Lines 


> 2 
и 
Ц 
N 


Note: * RAM select for А6530 #5 would read = АТ2е АЛ «АТО» Ад» АВ» A7 e Аб 


7 ЭШ ЕКЕ 
е ЕЕ 


R6530 НОМ-НАМ-І/О-Тітег (ВНОТ) 


INT. TIMEA SEL 
A3 

INTEAVAL 
VO SEL 
А oa 
ao 


RAM SEL. 


1/0 TIMER SEL. 
A. X indicates mask programming, i.e.. 

ROM select = CS1eRSO 

RAM select = CS1eRS0e Аде A7 »A6 

ГО TIMER SELECT = 57.9506 Ад» A8 A7 «А6 
B. Notice that A8 is a don't care for RAM select 
C. CS2 can be used as PB5 in this example 


ROM SEL. 


A9 


A8 


R6530 One-Chip Address Encoding Diagram 


Table 2. Addressing Decode for /О Register and Timer 


ROM Select ВАМ Select 


Read ROM 
Write RAM 
Read RAM 
Write DDRA 
Read DDRA 
Write DDRB 
Read DDRB 
Write Per. Reg. A 
Read Рег. Reg. А 
Write Per. Reg. B 
Read Per. Reg. B 
Write Timer 

ИТ 

+8T 

+64T 

+1024T 
Read Timer 
Read Interrupt Flag 


Notes: "АЗ = 1 Enables IRQ to PB7 
A3 = 0 Disables IRQ to PB7 


ооооооооо о = 
соооооооо-— -о 
а-аа о о 

-–ое –—"о-о-=о-=о - 
X KKK KKK KK KK 
ооооооооххх 
ъъ ооо оооххх 


oooo++++xkx*K xX 


ооооо о 
оооооо 
эй: а cA cA cA cA 
——co000 
sean од = = 
хх--оо 
“кз ЕР cA E 
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TIMING CHARACTERISTICS 


Read Timing 


Characteristic 


RIW valid before positive transition of clock 

Address valid before positive transition of clock 
Peripheral data valid before positive transition of clock 
Data Bus valid after positive transition of clock 


Data Bus Hold Time 
IRQ (Interval Timer interrupt) valid before positive 
transition of clock 


Note: Loading = 30 pF + 1 TTL toad for PAO-PA7, PBO-PB7 
= 130 pF + 1 TTL load for 00-07 


Write Timing 


Characteristic 


Clock Period 

Rise & Fall Times 
Clock Pulse Width 
R/W valid before positive transition of clock 


Address valid before positive transition of clock 

Data Bus valid before negative transition of clock 
_ Data Bus Hold Time 

Peripheral data valid after negative transition of clock 

Peripheral data valid after negative transition of clock 

driving CMOS (Level = VCC - 30%) 
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READ TIMING WAVEFORMS 


CLOCK INPUT | у IBN 


RAN 


ADDRESS 


PERIPHERAL oo 
DATA 
огу 
24V 
DATA BUS 
0.4V 
шар 24у 
PB7 (IRQ) 
0.4\ 
WRITE TIMING WAVEFORMS T > 
T йй ТЕ 
CLOCK INPUT А а £ E 
------- 24у 
RAM 
0.4V 
EDEN UNT 
ADDRESS 
—————Rá— ду 
------- — 24% 
DATA BUS 
- — 04у 
Усс -30% 
PERIPHERAL 2.0V Е ES 
DATA 0.8V 
а 04у 
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MAXIMUM RATINGS* 


[uw] 


*Note: All inputs contain protection circuitry to prevent damage due to 
high static charges. Care should be taken to prevent unnecessary 
application of voltage outside the specification range. 


DC CHARACTERISTICS 
(Мос = 5.0V + 5%, Vss = OV, 0°C to 70°C, unless otherwise noted) 


| иш | Test Conditions 
| Е „== == 
Input Low Voltage а | у» | Jj 


Input Leakage Current _ | я рА Vin = 0 to +5.0V 
A0-A9, 850, R/W, RES, 02, РВ6®, PBS Усс-0 


=1. = ҺА Vin = 0.4V to 2.4У 
Voc = 5.25V 
Input High Current ЕЙ 


PAO-PA7, РВО-РВ7 


Input Low Current; 
PAO-PA7 PBO-PB7 


Output High Voltage V Vec = 4.25V 
РАО-РА7, РВО-РВ7 (TTL drive), 00-07 ў һ одо = —100 pA 
PBO-PBT7, (other drive, e.g., Darlington) қ Поло = 3.0 ПА 


Output Low Voltage +0.4 V Voc = 4.25V 
lipap = 1.6 mA 


Output High Current (Sourcing) 
РАО-РА7, PBO-PB7 (TTL drive), 00-07 
PBO-PB7 (other drive) 


Output Low Current (Sinking) 
РАО-РА7, РВО-РВ7 


Power Dissipation 


Input Capacitance 
#2 


Logic 


Note: 1. All units are direct current (DC). 
2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. When programmed as address pins. 
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86530 | НОМ-НАМ-І/О-Тітег (RRIOT) 
PACK AGE DIMENSIONS 


40-PIN CERAMIC DIP 


BSC 0.100 BSC 
1.78 | 0 030 | 0.070 


152 [0020 | 0.060 | 


MILLIMETERS] | INCHES 


0.100 BSC 
065 | 0.085 
008 | 0.012 


1 “0.600 BSC | 
7 [0 |7 10 
7511 102 [6.020 [0040 | 
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Rockwell 


DESCRIPTION 


The R6531 ROM-RAM-I/O-Counter (RRIOC) integrates read- 
only memory, random access memory, various I/O data port con- 
figurations and timer functions into a single peripheral device 
which operates in conjunction with any CPU in the R6500 
Microprocessor family. The R6531 provides innovative system 
designers with a two-chip solution to a wide range of applica- 
tions. It can also be combined in a variety of multi-chip system 
configurations with other R6531's, ROMs, RAMs and other I/O 
devices. 


There are two R6531 versions: a 40-pin dual-in-line package; 
another with expanded ИО in a compact 52-pin quad-in-line 
package. Both versions contain a 2048 x 8 mask-programmable 
ROM, a 128 x 8 static RAM, a software programmable multi- 
mode counter, an 8-bit serial data channel, and 15 bidirectional 
data lines (two ports) with a handshake control mode and four 
interrupt inputs. The 52-pin version has an 8-bit output port and a 
4-bit input port for a total of 27 МО lines. Several mask options are 
available to provide a RAM standby power pin and chip selects 
for multi-chip systems. 


Prototyping circuits are available in both the 40- and 52-pin pack- 
ages, and in 1- and 2-MHz versions. They are offered as part 
numbers R6531-098 and R6531-098A for the 40-pin part, and as 
part numbers R6531-099 and R6531-099A for the 52-pin part. 


ORDERING INFORMATION 


Part Number: 
R6531 


Temperature Range: (T,-T,) 
Blank = 0? to +70°С 
Е = -40?C to +85°С 


С = 40-Pin DIP, Ceramic 
P = 40-Pin DIP, Plastic 
Q = 52-Pin QUIP, Plastic 


Frequency Range: 
No letters = 1 MHz 
A = 2MHz 


NOTE: Contact your local Rockwell representative for 
availability. 


Document No. 29000D52 


R6531 


R6531 


ROM-RAM-I/O COUNTER (RRIOC) 


FEATURES 


® 2048 x 8 mask programmable ROM 
€ 128 x 8 static RAM 
ө 16-bit multi-mode counter/latch 
— internal timer (one shot or free-running) 
— pulse generator (one-shot or free-running) 
— event counter 
— external trigger 
® 8-bit serial channel 
ө TTL compatible I/O, drive one TTL load 
15 bidirectional ИО lines (2 ports — 40-ріп package) 
® Expansion 8-bit output port and 4-bit input port (52-pin package) 
* 1/О handshake control 
® Four edge sensitive interrupt inputs 
• 
• 
• 


1 MHz ог 2 MHz operation 

RON-less versions available for prototyping 

Single +5V power supply 
R6500 


MICROPROCESSOR 
BUS 


PERIPHERAL 
INTERFACE 


*52-PIN VERSION ONLY 


**OPTIONAL 
Interface Signals 


Data Sheet Order No. D52 
Rev. 5, October 1983 


86531 


INTERFACE SIGNALS 
RESET (RES) 


This active low signal initializes the А6531. It clears all internal 
registers (except the counter and serial registers) to logic zero. 
This action places all bidirectional I/O lines in the input state and 
ће Port C outputs in the high state. The timer, shift register, and 
interrupts are disabled. The RES signal must be low for at least 
four clock periods when reset is required. 


ADDRESS BUS (A0-A11) AND CHIP SELECTS 
(CS1-CS3) 


Memory and register selection is accomplished using the 12 
address lines and, in multiple device systems, also using one or 
more of the three Chip Select mask options. When PB4, РВБ, ог 
PD? are chosen as chip selects, they cannot be used as periph- 
eral МО pins. 


DATA BUS (D0-D7) 


The R6531 has eight data bus lines, which allow data to be 
transferred to or from the microprocessor. The output buffers 
remain in the off-state except when the R6531 is selected for a 
read operation. 


READ/WRITE (R/W) 


The R/W input controls the transfer of data to and from the 
microprocessor and the R6531. A high on the R/W pin allows the 
processor to read (with proper addressing) the data supplied by 
the R6531. A low on the R/W pin allows a write (with proper 
addressing) to the R6531. 


DIRECTION 
REGISTER 
A 


DIRECTION 
REGISTER 
B 


2048 x 8 
ROM 


NOTE: *52-PIN VERSION ONLY 


INTERNAL DATA BUS 


ROM-RAM-I/O Counter (RRIOC) 


PHASE 2 CLOCK ($2) 


The Phase 2 Clock (22) input is the system clock that triggers all 
data transfers between the data bus and the R6531. 


PERIPHERAL DATA PORTS (РАО-РА7, РВ0-РВ6, 
PCO-PC7, PDO-PD3) 


Both versions of the R6531 have 15 pins available for peripheral 
УО operations. Each pin is software programmable to act as an 
input or an output. The pins are grouped into an 8-bit port, 
PAO-PA7, and a 7-bit port, PBO-PB6. The lines of the PB port 
may serve other functions. Ports PA and PB have associated 
data direction registers. 


The expanded I/O of the 52-pin version provides ап 8-bit output 
only part, PCO-PC7, and а 4-bit input only port PDO-PD3. PD2 
and PD3 may be assigned other functions as described later. 


The outputs are push/pull type drivers capable of driving a single 
TTL load. When inputs are selected the drivers float. | PB6 is 
programmed as the IRQ request output, the line is driven low гапа 
requires an external pull-up, thus allowing the wire OR-ing of IRQ 
from other devices. 


RAM RETENTION VOLTAGE (VRR) 


A separate pin for a power supply for the read/write memory is 
available as a mask option. This allows the retention of RAM data 
by using a battery back-up for the RAM only. Pin PB6 in the 
40-pin version or РОЗ in the 52-pin version is mask program- 
mable as the VRR pin. Address line A10 must be held in the logic 
State which deselects RAM (user-defined) in order to protect the 
RAM data when VCC falls below the spec:fied level or is turned 
off. 


PORT D* 
DATA 
iN 


CONTROL 
REGISTERS 
A&B 


INTERRUPT 
CONTROL 


= 


REGISTER 
AND 
CHIP SELECT 


ADDRESS 
DECOCE 


R6531 Block Diagram 


А6531 ROM-RAM-I/O Counter (RRIOC) 


40F3 PB3/SDIO PB3/SDIO 
(CS2) PB4/CNTo 12 39 [3 RW R/W 
(CS1) РВБ/СМТ1 C13 з8 2 PB2/SCLK (CS1) РВБ/СМТ1 PB2/SCLK 
PBS/IRQ C] 4 372 PB1/CA2 RES PB1/CA2 
RES c45 36 [2 PBO/CA1 07 РВО/СА1 


РВ8 ОРПОМ VRR OPTION 


R6531 40-Pin DIP Configurations 


52 |-- PB3/SDIO vss 
(С52) PB4/CNTO (2 51 [5 ВАМ (CS2) PB4/CNTO 
(CS1) PBS/CNT1 C13 50 [3 PC6 (CS1) PBS/CNT1 
PB6/IRQ (14 492 PB2/SCLK рввЛнОа 

48[3 PB1/CA2 PC7 

47 |-3 PBO/CA1 RES 

07 

06 

05 

(CS3) PD2 


PB3/SDIO 
R/W 

PC6 
PB2/SCLK 
PB1/CA2 
PBO/CA1 
РС5 


РОЗ ОРПОМ VRR OPTION 


R6531Q 52-Ріп ОМІР Configurations 


2-71 


46531 


INTERNAL ORGANIZATION 


The А6531 is divided into three basic functions: ROM, RAM, and 
ИО. The selection of any one of these three is accomplished by 
issuing the appropriate address information on the address bus 
when the chip is selected 


ROM—2K BYTES (16K BITS) 


The 16K ROM is a 2048 x 8 bit configuration. An address on 
lines AO-A10 uniquely selects one byte of ROM. Additionally, 
address line A11 and the chip selects are required to select the 
ROM function on a given chip. In a system with multiple R6531’s, 
the CS1, CS2, and CS3 mask options allow up to seven devices 
with 14K bytes of ROM without the need for external decoding. 


RAM—128 BYTES (1024 BITS) 


The 128 x 8 static RAM of a given R6531 is addressed by lines 
АО-Аб. Additionally, address lines А7-А11 and chip selects CS1, 
CS2, and CS3 provide selection of the RAM section of the device 
as well as the device itself when additional RAM devices or 
R6531's are in the system. 


INPUT/OUTPUT 


The input/output section is comprised of the data ports, direction 
registers, counter and associated latches, control registers, and 
interrupt registers. These ИО functions are all accessible by the 
R6502 CPU's instruction set using address bits AO-AS for the 
specific function of the device. Address bits A4-A11 and CS1, 
CS2, and CS3 additionally may be decoded to select a given 
R6531 device in a multichip system. 


Control Registers 


Two control registers allow software selection of various I/O func- 
tions. The Peripheral Control Register (PCR) is primarily associ- 
ated with Port B functions and the Auxiliary Control Register 
(ACR) is associated with the counter and serial data functions 
which also affect Port B. 


ADDRESSING 


Addressing of the R6531 offers many variations to the user for 
system configuration flexibility. Combination with other R6531 
ROMs, RAMs or I/O devices is possible without need for external 
address decoding. Each of the three basic functions on the 
device has its own decode mask for unique selection. 


The specific address ranges and chip selects are defined by the 
user and are dependent on the number of chips in the system. 
The programmed options to be fixed by masking are shown in 
Table 1. be 
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Table 1. R6531 Addres: seing 


Chip 
Selects 


Address Inputs (A0-A11) 


R6531 
Function 


2 
The X, У, and Z bits may be selected as high, low or по effect. | 


The chip select pins are also discrete I/O pins PB5, РВ4, and 
PD2. The pins are independent of each other in that апу one may 
be used as a chip select. The user specifies as mask options 
which pins are to be used as I/O and which as chip selects. 


40-PIN PROTOTYPING CIRCUIT 


Prototyping circuits R6531-098 (1 MHz) and R6531-098A (2 
MHz) are packaged in a 40-pin dual in-line package that has the 
same pinouts as the 40-pin R6531 with PB6 option. In this 
prototyping circuit, the ROM is disabled and there is no VRR 
Option. Access codes for this prototyping circuit are shown in 
Table 2. 


Table 2. R6531-098 Addressing 


Chip 
Selects 


Address Inputs (АО - A11) 


R6531-098 
Function 


128 RAM Decode 


N means No Effect, H means High and L means Low. 


52-PIN PROTOTYPING CIRCUIT 


Prototyping circuits R6531-099 (1 MHz) and R6531-099A (2 MHz) 
are packaged in the 52-point quad in-lina package, with VRR 
option. PD2 is used as a chip select (CS3), and PB4 and PB5 
are available as /О lines. Access codes for the prototyping cir- 
cuit are shown in Table 3. 


Table 3. R6531-099 Addressing 


Address Inputs (A0-A11) 


H то [918 [76 5] 4] 3[2 To | 


2K ROM Decode 


[E[N] L] 128 RAM Decode 
m ніні 


ИО Decode 
The 128 words ог ВАМ have been mapped into the first half of 
both Page 0 and Page 1, to accommodate zero page addressing 
and stack operations. The full I/O capabilities described for the 
R6531 are available in the prototyping circuit, except that I/O 
lines PD2 and РОЗ are dedicated to the УВА and CS3 mask 
options. 


86531 ROM-RAM-I/O Counter (RRIOC) 


REGISTERS 


REGISTER SELECTION 


The register selection and/or general operation performed by the 
15 R6531 addresses in conjunction with the R/W state is shown 
in Tabie 4. 


Tabie 4. Register Selection 


Hex 
[A p A АТТА, 


i 


Write Port А Data 

Write Port B Data 

Write Port C Data 

Write Port D Data 

Write Lower Latch 

Write Upper Latch and Download 
Write Lower Latch 

Write Upper Latch 

Write Serial Data Register 

Write Interrupt Flag Register 


Read Port A Data 
Read Port B Data 


Read Lower Counter 
Read Upper Counter 


Read Serial Data Register 
Read Interrupt Flag Register 
Read Interrupt Enable Register Write Interrupt Enable Register 
Write Auxiliary Contro! Register 


Write Peripheral Control Register 


Read Auxiliary Control Register 
Read Peripheral Control Register 


т Оо О ш > «Фо с ч бф т Ь ф ю — о 
ЕСЕ ЕСЕ ЕЛИ „АШ „ан ИЕ „АЫ ЖА „г ш 
тттггггттт тт гг тг г 
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гг гг о ІІ od 


Peripheral Control Register (РСА) 


Some Port B operating options are software selectable by writing 
control bits to the Peripheral Control Register (PCR). 


PERIPHERAL CONTROL REGISTER (PCR) 


ESESEHESESESER 
ТТ |] С] 
РВО АМО PB1 CONTROL 
00 = STATIC ИО 
01 = РА НАМОЗНАКЕ 
1X = NEG EDGE DETECT 


PB2 AND PB3 CONTROL 


0 = STATIC ИО 
1 = POS EDGE DETECT 


PB6 CONTROL 

0 = STATIC UO 

1 = 0 REQUEST 
OUTPUT 


SPARE (UNUSED) 
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Write Рой A Data Direction Register 
Write Port B Data Direction Register 


Auxiliary Control Register (ACR) 


Operating Modes for the Timer/Counter, PB2/PB3 Serial 
input/output and PB4 pulse output are selected by writing bits 
to the Auxiliary Control Register (ACR). 


AUXILIARY CONTROL REGISTER (ACR) 


SERIAL COUNTER 
CONTROL 


CONTROL 


COUNTER SOURCE SELECTION 

00 = COUNTER OFF 

01 = EXTERNAL EVENT (РВ5) 

10 = PHASE 2 

11 = PHASE 2, EXT TRIGGER LOW 


PULSE GENERATION CONTROL 
© = PULSE OUTPUT OFF 


1 = PULSE OUTPUT ON (PB4) 


FREE RUN CONTROL 
0 = ONE SHOT 
1 = FREE RUN 


SERIAL CLOCK SOURCE 

00 = SERIAL OFF 

01 = EXTERNAL CLOCK (PB2) 
1X = PHASE 2 CLOCK (PB2 OUT) 


SERIAL DATA OIRECTION 
0 = SERIAL IN (PB3) 
1 = SERIAL OUT (PB3) 


SPARE (UNUSED) 


А6531 


Interrupt Enable and Flag Registers 


Two registers are provided for interrupt control. Corresponding 
bits in the enable and flag registers are logically ANDed to set the 
Interrupt Request Pending flag. If the pending flag is set and PB6 
is selected as an IRQ Request Output, then PB6 will be set lowto 
request the R6502 CPU to service IRQ. 


The interrupt enable bits are set or reset by writing into the Inter- 
rupt Enable Register. The interrupt flag bits IFRO-IFR6 can be 
cleared directly by writing a byte to the flag register which has 1'5 
in those bit positions to be cleared. 


IFR4 and IFR5 may also be cleared by reading or writing the Port 
А ог Serial Data Registers respectively. IFR6 may also be 
cleared by reading the lower counter with ИО address hex 4 writ- 
ing the upper latch with МО addresses hex 5 or 7. 


These registers and their bit assignments are illustrated. 


Interrupt Enable Register (IER) 


PBO NEGATIVE 
EDGE DETECT 


PB1 NEGATIVE 
EDGE DETECT 


PB2 POSITIVE 
EDGE DETECT 


PB3 POSITIVE 
EDGE DETECT 


PORT A NEEDS SERVICE 
IN HANDSHAKE MODE 


SERIAL REGISTER 
FULL/EMPTY, EXT. CLOCK 


COUNTER OVERFLOW 


INTERRUPT 
REQUEST PENDING 
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ROM-RAN-I/O Counter (RRIOC) 


PERIPHERAL DATA PORTS 


Each line of the 8-bit data Port A may be individually selected as 
ап input or output. Associated with the port is Data Direction Reg- 
ister — Port A (DDRA). Each line of the 7-bit date Port B may be 
individually selected as an input or an output. This port also has a 
Data Direction Register (DDRB). The two data direction registers 
(A and B) control the direction of the data into and out of the 
peripheral pins. A "1" written into the Data Direction Register 
sets up the corresponding peripheral pin as an output. Therefore, 
anything written into the data register will appear on that corre- 
sponding peripheral pin. A “0” written into the DDR inhibits the 
output buffer from transmitting data from the data register. For 
example, a “1” loaded into ООНА, positicn 3, sets up peripheral 
pin РАЗ as an output. If a “0” had been loaded, РАЗ would be 
configured as an input and would be in a float state. 


Note that when lines in the PB port are used alternately as control 
lines for other on-chip functions, Direction Register B must also 
be loaded to set up the proper direction —- the Control Registers 
have no effect on data direction. 


The 8-bit Port C is an output only port. The 4-bit data Port D is an 
Input only port. 


For those lines being used as outputs, the data registers are 
used to latch data from the Data Bus during a Write operation so 
the peripheral device can read the сага supplied by the 
microprocessor. 


For the lines being used as inputs, the microprocessor is reading 
the peripheral data pins. For the peripheral data pins which are 
programmed as outputs the microprocessor will read the corre- 
sponding data bits of the Output data. 


EDGE DETECT LOGIC 


Operating in parallel with the ГО operation of PBO-PB3 is edge 
detect logic that is enabled by Peripheral Control Register bits 1 
and 2. PCR1 enables logic that upon detection of a negative 
edge on PBO or РВ! will set a corresponding flag in the Interrupt 
Flag Register. PCR2 enables logic that upon detection of a posi- 
tive edge on PB2 or РВЗ will set corresponding flags in the Inter- 
rupt Flag Register. If corresponding bits are set in the Interrupt 
Enable Register, then the Interrupt Request Pending flag will be 
set. 


HANDSHAKE OPERATIONS 


PBO and PB1 may be used as handshake control lines for date 
transmissions over Port PA; see PCR definition. PBO is a control 
input, РВ! is a control output. РВ! switches low on a read or write 
to Port PA, and switches high in response to a negative transition 
on PBO. 


IFR4 in the Flag Register is set by a negative transition on PBO, 
and cleared by a Read or Write to Port PA; see Handshake Tim- 
ing Diagram for timing details. 


R6531 ВОМ-ВАМ-ИО Counter (RRIOC) 


LOAD PA 


rm pup sew Tee Tees АРА А а И СОЛИ 
PBO (ІМ) М = 

РВ! (OUT) d 

PBO SAMPLED 0 0 0 0 

РА (DATA OUT) LN ____ ~ ___________) 

а 


РВ! CONTROL 
ЗЕТ ВУ: 
RESET, 
WRITE PCR, OR 
NEGATIVE TRANSITION ON PBO 
RESET BY: 
WRITE PORT PA 
OR READ PORT PA 


R6531 Timing for Handshake Mode 


ADDR WRITE TO 

RW FLAG ВЕС. 

FRO, 1, 2, 3 0 | 0 | 1 | 

me а а МЕНЕ 

PBO, РВ! NEG TRANSITIONS 

PB2, PB3 POS TRANSITIONS 

PB SAMPLED | | | [| [| [| INTERRUPT FLAG REG. CONTROL 
(¢2 LOW) 


SET BY INPUT ACTIVE TRANSITIONS 


RESET BY RESET OR МАПЕ “1” 
TO CORRESPONDING IFR BIT 


R6531 Timing for interrupt Mode 
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R6531 НОМ-ВАМ-І/О Counter (RRIOC) 


SERIAL DATA CHANNEL 


The R6531 has ап 8-bit serial channel. PB2 and РВЗ аге soft- Auxiliary Control Register bit 6 sets the serial data direction. Data 
ware selectable as the serial clock (SCLK) and serial data (5010) are shifted in or out, most significant bit first, under control of the 
lines respectively. shift clock. 

The software sets Auxiliary Control Register bits 4 and 5 to ena- In the extemal clock mode, the completion of eight shifts of the 
ble the serial channel and to specify the source of the shift clock. serial register will set bit 5 of the interrupt flag register. If the cor- 
Selection of the intemal clock will shift data atone half the system responding bit of the interrupt Enable Register is also set an 
$2 clock rate. If the external clock is used, data may be shifted at Interrupt Request Pending flag will be set. 


any rate up to one half the system $2 clock rate. In the external 
clock mode, the counter may be operated in the free run pulse 
generation mode using the CNTO line externally connected to the 
SCLK line to provide the desired shift rate. 


$2 


ADDR (WRITE) 


R/W (WRITE) 


DATA BUS 
(WRITE) 


SER DATA 


SER CLK 


INPUT SMPL 


а 


ADDR (READ) 


R/W (READ) 


DATA BUS (READ) 


R6531 Serial ИО Timing 
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А6531 


ROM-RAM-I/O Counter (RRIOC) 


COUNTER/TIMER 


The R6531 contains а multi-mode 16-bit counter/timer with an 
associated 16-bit latch whose modes are software selectable by 
Setting appropriate bits in the Auxiliary Control Register. The 
latch holds the counter preset value and all 16 bits download to 
the counter simultaneously upon command (I/O address hex 5) 
of the software or automatically in free run modes upon overflow 
of the counter. The counter is a decrementing counter and 
causes the setting of a flag in the Interrupt Flag Register when it 
overflows. This interrupt flag, bit 6, is logically ANDed with a сог- 
responding counter overflow interrupt enabled bit to set the Inter- 
rupt Request Pending flag. The Auxiliary Control Register is used 
to set four basic modes which specify the source of the count 
information, and to select two mode modifiers that apply equally 
to the three active modes. 


Mode 0 — Counter ОН 


Mode 1 — Event Counter — counts external event 
inputs (negative transitions) at PB5 


Mode 2 — Interval Timer — counts 02 system clock | 


pulses, 


LOAD TIMER = 4 


aw \__f_ 


Mode 3 — External Trigger — counts $2 system clock 
pulses starting with a negative transition on 
PB5. 


Mode Modifier A — Pulse Generation Control — causes the 
output level on PB4 to switch low each time 
the counter is loaded using ИО address 
hex. 5. At counter overflow, РВА switches 
high. If in the free run mode, PB4 continues 
to toggle at each subsequent counter over- 
flow; otherwise there are no further transi- 
tions until the counter is reactivated by the 
software. 


Mode Modifier B — Free-Run Control — causes the full 16-bit 
latch to be downloaded to the counter, con- 
tinues to count, and sets the counter over- 
flow flag bit every time the counter 
overflows. Otherwise the counter is a one 
shot mode in which the counter overflow 
flag is set one time only until the counter is 
reactivated by the software. 


COUNTER: оме-ѕнот УМ T e | 2 |" | о [Frrr] Fe | РО | Fc | Fe | РА | Fo | 
counter: FREE-RUN ХИ а [оо [| 
Fhe:ONESHOr A ЕЕЕ КИЕРГЕ ЕКЕ ПЕ sg РАЈ 
Fre: FREERUN Ао [е [о [оо [о [+ [|i RG Po '] 


РВ4: ONE-SHOT SS / 


PB4: FREE-RUN 


ІН 


COUNTER EXT STROBE 


РВ5 


COUNTER ExT CLOCK 


PBS 


РВ5 SAMPLES @ ¢01 


MAX RATE 


R6531 Counter/Timer Timing 


R6531 ВОМ-ВАМ-/О Counter (RRIOC) 


BUS TIMING CHARACTERISTICS 


Characteristic 


Clock Period 
Clock Pulse Width 
Rise & Fall Times 


READ TIMING 


RW valid before positive transition of clock 
Address valid before positive transition of clock 
Peripheral data valid before positive transition of clock 


Data Bus valid after positive transition of clock 
Data Bus Hold Time 
IRQ valid аКег negative transition of clock 


e 
e 
| d |» | d І 
= PIPIR 
i^] 
el дјојо 


WRITE TIMING 


ВАМ valid before positive transition of clock 
Address valid before positive transition of clock 


Data Bus valid before negative transition of clock 


Data Bus Hold Time 
Peripheral data valid after negative transition of clock 


= 100 pF + 1 TTL for РАО-РА7, PBO-PB6, and РСО-РС7. 
= 100 pF + 1 TTL for 00-07 (R6531A). 
= 130 pF + 1 TTL for 00-07 (R6531). 
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А6531 АОМ-ВАМ-/О Counter (RRIOC) 


READ TIMING WAVEFORMS 


i Тя 


92 
ВАМ 
ADDRESS 


PERIPHERAL 
DATA 


DATA BUS 


PB7 (IRQ) 


WRITE TIMING WAVEFORMS 


—| Twcw 


RW 0.8V 


ADDRESS {20У | | 
„ву 
рз 0.4V 


м 
2.4У 
2.0У 
DATA BUS | ову B: 
0.4V 
Теру Усс -30% 


Tocw 


2.4 
PERIPHERAL 20V Y 
DATA 
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А6531 ROM-RAM-I/O Counter (RRIOC) 


MAXIMUM RATINGS* 
*Note: This device contains circuitry to protect the inputs against 
Ratin Symboi 
damage due to high static voltages, however, normal precautions 


Supply Voltage should be taken to avoid application of any voltage higher than max- 
Input Voltage А imum rated voltages to this circuit. 


Operating Temperature Range 
Commercial 0 to +70 
Industrial – 40 to +85 


DC CHARACTERISTICS 


(Усс 50V + 10%, Voc = 50V +5% A, Vss = 0, ТА = T, to Ty, unless otherwise noted) 


Characteristic D Symbol Min Max Unit) Test Conditions 
Input High Voltage Мн 2.0 Vec M = 
Input Low Voltage Vic -0.3 +0.8 V 
Input Leakage Current _ d lis — | 2.5 |] m Vin = OV to 5.0V 
А0-А11, CS1-CS3, RW, RES, $2, PDO-PD3 ~ = 
| Ф -- I А Усс ov 4 
Leakage Current for Three-State ОН ба — +10 ҺА Мм = 0.4V to 2.4V 
| — (Three State) 00-07, РАО-РА7, РВО-РВ6 Voc = 5.0V 
. ==] P = © 
Input High Current ін | -100 = pA Vin = 2.4V 
PAO-PA7, PBO-PB6, PDO-PD3 
: ENG vd. ct З 
input Low Current n 1.6 = mA -T Vin = 0.4V 
РАО-РА7, РВ0-РВ6, PDO-PD3 
Output High Voltage Vou "bb V Vos = 4.750 
L D0-D7, PAO-PA7, PBO-PB6, PCO-PC7 +2.4 — одр = -200 pA 
z — om 
Output Low Voltage Vor Мо = 4.75У 
D0-D7, РАО-РА7, PBO-PB6, РСО-РС7 +0.4 V = | оар = 2.5 mA 
Output High Current (Sourcing); Іон zs 
PAO-PA7, PBO-PB6, PCO-PC7 - 200 


Output Low Current (Sinking) lot 2.1 


РАО-РА7, РВ0-РВ7, PCO-PC7 | 


input Capacitance 


— 


at 

_ Mi Я Vp. = 24V 
| 750. 
42 


$2 Coi 20 
Logic _| Оһ | 10 pF f = 1 MHz, 
[Output Capacitance | Соит +- 10 pF | ТА = 25°C | 
Power Dissipation | IE Pp 1.0 уу d 
NOTES: 


1. All units are direct current (DC). 
2. Negative sign indicates current flow, positive indicates inward flow. 


LLL 
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А6531 НОМ-НАМ-І/О Counter (RRIOC) 


PACKAGE DIMENSIONS 


40-РІМ DIP 52-PIN PLASTIC QUIP 


2 —— “тр — 640 + о 


0.600 МАХ (15.87) 0.625 
(15.24 ММ) {15.11) 0.595 


20 Џ і 


0.155 МАХ 
(3.93 мм) 


DOT OR NOTCH 
TO LOCATE 
PIN NO. 1 m 


2.020 MAX 


(51.30 MM) 0.190 MAX 


(4.82 MM) 


" 0.310 MAX 
(7.87 MM) 


(1.65) 0.065 1 | ee 
ve + 011 МАХ 


(1.01) 0.040 ` — 0.100 MIN . 
(2.54 MM) m" 


(0.55) 0.022 

OT) TE түр. 

(0.45) 0.018 0.010 MIN Y ——— - < 7. F 
1,910 (48.61 MM) (0.25 MM) 116 MAX =] тә 19982 991 


1.890 148.00 MM) 
19 EQUAL SPACES d 
0.100 6 TOL NONCUM. 150 


(2.54 MM) 


NOTE: Pin No. 1 is in lowar teft corner when 
symbolization is in normal oriantation 
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DESCRIPTION 


The R6532 RAM-I/O-Timer (RIOT) integrates random access 
memory (RAM), parallel /O data ports and timer functions into 
a single peripheral device which operates in conjunction with 
any CPU in the R6500 microprocessor family. It is comprised 
of a 128 x 8 static RAM, two software-controlled, 8-bit bidirec- 
tional data ports allowing direct interfacing between the micro- 
computer and peripheral devices, a software programmabie 
interval timer with interrupt, capable of timing in various intervals 
from 1 to 262,144 clock periods, and a programmable edge- 
detect circuit. 


ORDERING INFORMATION 


Part Number: R6532.. — — 


Temperature Range: 
Blank = 0°C to +70°C 
Е = -40'C to +85°С 


Раскаде: 
С = Ceramic DIP 
P = Plastic DIP 


Frequency: 
No Letter = 1 MHz 
А = 2 MHz 


ВАМ-І/О-ТІМЕН (RIOT) 


R6532 


R6532 


FEATURES 


e 128 x 8 static RAM 

е Two 8 bit bidirectional data ports 

® Programmable interval timer with interrupt capability 
e TTL 4 CMOS compatible peripheral lines 

e One port has direct transistor drive capability 

е Programmable edge-sensitive interrupt input 

e 8 bit bidirectional data bus 

e 6500/6800 bus compatible 

e 1 MHz and 2 MHz parts available 

e Single +5V power supply 


© чосглњљњоћм=- 


R6532 Pin Configuration 


Document No. 29000D42 


Data Sheet Order No. D42 
Rev. 6, October 1983 


R6532 


RAM-I/O-Timer (RIOT) 


INTERFACE SIGNALS 


RESET (RES) 


During system initialization, a low RES input causes a zeroing 
of all four VO registers. This in turn causes all /О buses to act 
as inputs thus protecting external components from possible 
damage and erroneous data while the system is being config- 
ured under software control. The Data Bus Buffers are put into 
an OFF-STATE during Reset. Interrupt capability is disabled with 
the RES signal. The RES signal must be held low for at least 
two clock periods when reset is required. 


READ/WRITE (R/W) 


The R/W signal is supplied by the microprocessor and controls 
the transfer of data to and from the R6532. A high on the R/W 
pin allows the processor to read (with proper addressing) the 
data supplied by the R6532. A low on the R/W pin allows a write 
(with proper addressing) to the R6532. 


INTERRUPT REQUEST (IRQ) 


The IRQ pin is an interrupt pin from the interrupt control logic. 
The pin will be normally high with a low indicating an interrupt 
from the R6532. An external 3K pull-up resistor is required. The 
IRQ pin may be activated by a transition on PA7 or timeout of 
the interval timer. 


DATA BUS (20-07) 


The R6532 has eight bidirectional data pins (20-07). These pins 
connect to the system’s data lines and transfer data between the 
R6532 and the microprocessor data bus. The output buffers 
remain off, or tri-stated, except when the R6532 is selected for 
a Read operation. 


R6500 
MICROPROCESSOR 
BUS 


INTERFACE 


ADDRESS LINES (А0- Аб) 


There are seven address pins (A0-A6). Іп addition, there is the 
RAM SELECT (RS) pin. The pins AO-A6 and RS are always used 
as addressing pins. There are two additional pins which are used 
as CHIP SELECTS. They are pins С$1 and CS2. Tables 1 and 2 
identify the functions selected and registers addressed depending 
upon the address line and RS inputs in conjunction with the RAW 
level. 


ЏО PORTS (РА0- PA7, РВО- PB7). 


The R6532 has 16 pins available for peripheral /О operations. 
Each pin is individually software programmable to act as either 
an input or an output. The 16 pins are divided into two 8-bit 
ports, PAO-PA7 and РВО-РВ7. (PA7 also has another use 
which is discussed later.) Each is set up as an input by writing 
a "0" into the corresponding bit of the data direction register. А 
“1” written into the data direction register causes its corre- 
sponding bit to be an output. When in the input mode, the 
peripheral output buffers are in the “1” state and the internal 
pull-up device acts as less than one TTL load to the peripheral 
data lines. On a Read operation, the microprocessor reads the 
peripheral pin. When the peripheral device gets information 
from the R6532 it receives data stored in the data register. The 
microprocessor reads valid pin information if the peripheral lines 
are greater than 2.0 volts for a “1” and less than 0.8 volt for a 
“0” as the peripheral pins are all TTL compatible. Pins PBO- 
PB7 are also capable of sourcing 3 ma at 1.5V, thus making 
them capable of Darlington drive. 


PAO-PA7 


PERIPHERAL 
INTERFACE 


РВО-РВ7 


RIOT Interface Signals 


R6532 | НАМ-/О-Тітег ( МОТ) 


Table 1. Address Decoding 


Operatlon RS | RW | А4 АЗ А2 
Write ВАМ 9 0 Баг = = 
Read RAM 0 1 = = == 
Write Output Reg A 1 0 -- — 0 
Read Output Reg A 1 1 == - 0 
Write DDRA 1 0 -- — 0 
Read DDRA 1 1 — — 0 
Write Output Reg B 1 0 — — 0 
Read Output Вед В 1 1 - - 0 
Write DDRB 1 0 -- — 0 
Read DDRB 1 1 = = 0 
Write Timer 
1 0 1 (a) 1 
1 0 1 (а) 1 
1 0 1 (а) 1 
1 0 1 (а) 1 
Read Timer 1 1 — (а) 1 
Read interrupt Flag 1 1 -- -- 1 
Write Edge Detect Control 1 0 0 - 1 
Notes: 
— = Don't Care, “1” = High level (2>2.4У), "0" = Low level (=0.4\} 
(а) АЗ = 0 to disable interrupt from timer to IRQ (c) AO = 0 for negative edge-detect 
A3 = 1 to enable interrupt from timer to IRQ АО = 1 for positive edge-detect 
(b) A1 = 0 to disable interrupt from РА? to IRQ 
А1 = 1 to enable interrupt from PA7 to IRQ 
Table 2. Register Addressing 
Start Start 
Address + Register/Function Address + Register/Function 
DRA (А' side data register) Write edge-detect contro! (positive edge-detece, 
РОА (А' side data direction register) enable interrupt) 
DRB ('B' side data register) Read timer (enable interrupt) 
DDRB ( B' side data direction register) Write timer (divide by 1, disable interrupt) 
Read timer (disable interrupt) Write timer (divide by 8, disable interrupt) 
Write edge-detect control (negative edge-detect, Write timer (divide by 64, disable interrupt) 
disable interrupt) Write timer (divide by 1024, disable interrupt) 
Read interrupt flag register (bit 7 — timer, bit 6 — Write timer (divide by 1, enable interrupt) 
РА7 edge-detect) Clear РА7 flag Write timer (divide by 8, enakie interrupt) 
Write edge-detect control (positive edge-detect, Write timer (divide by 64, enable interrupt) 
disable interrupt) Write timer (divide by 1024, enable interrupt) 
Write edge-detect control (negative edge-detect, 


enabie interrupt) 
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R6532 


RAM-I/O-Timer (RIOT) 


INTERNAL ORGANIZATION 


The А6532 is divided into four basic sections, RAM, VO, Timer, 
and Interrupt Control. The RAM interfaces directly with the 
microprocessor through the system data bus and address lines. 
The ЏО section consists of two 8-bit halves. Each half contains 
a Data Direction Register (DDR) and a Data Register (DR). 


RAM—128 BYTES (1024 BITS) 


The 128 x 8 Read/Write Memory acts as a conventional static 
RAM and can be accessed from the microprocessor by selecting 
the chip (CS1 = high, CS2 = low) and by setting RS low. 
Address lines AO through Аб then select the desired byte of 
storage. 


ЏО PORTS AND REGISTERS 


The I/O Ports consist of eight lines which can be individually pro- 
grammed to act as either an input or àn output. A logic zero in 
a bit of the Port A Data Direction Register (DDRA) causes the 
corresponding line of Port A to act as an input. A logic one 
causes the corresponding Port A line to act as an output. The 
voltage on any line programmed to be an output is determined 
by the corresponding bit in the Port A Data Register (DRA). 


Data is read directly from the data pins during any read oper- 
ation. For any output pin, the data transferred into the processor 
will be the same as that contained in the Data Register if the 
voltage on the pin is allowed to go to 2.4V for a logic one. Note 
that for input lines, the processor can write into the corre- 
sponding bit of the Data Register. This will not affect the polarity 
on the pin until the corresponding bit of DDRA is set to a logic 
one to allow the /О line to act as an output. 


The operation of the Port B is exactly the same as the normal 
ИО operation of the Port A. Each of the eight lines can each be 
programmed to act as either an input or as an output by placing 
а 0 or a 1 into the Port B Data Direction register (DDRB). In the 
output mode, the voltage on a peripheral pin is controlled by the 
Port B Data Register (DRB). 


The primary difference between Port A and the Port B is in the 
operation of the output buffers which drive these pins. The Port 
B output buffers are push-pull devices which are capable of 
sourcing 3 ma at 1.5V. This allows these pins to directly drive 
transistor switches. To assure that the microprocessor will read 
proper data on a "Read Port B" operation, logic in the R6532 
allows the microprocessor to read the Output Register instead 
of reading the peripheral pin as on Port A. 


PAO РА? PBO 


DATA 
DIRECTION DATA PERIPHERAL | | PERIPHERAL DATA DIRECTION 


REGISTER REGISTER DATA BUFFER | [DATA BUFFER REGISTER REGISTER 
A A A B B в 


БАТА 


DATA ADDRESS INTERRUPT 


INTERVAL 


BUS CONTROL TIMER 


BUFFER DECODER 


R6532 Block Diagram 
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А6532 


EDGE DETECTING WITH PA7 


Іп addition to acting as a peripheral I/O line, the РА? line can 
be used as an edge-detecting input. In this made, an active tran- 
sition sets the internal interrupt flag (bit 6 of the Interrupt Flag 
register). Setting the interrupt flag causes IRQ output to go low 
if the PA7 interrupt has been enabled. 


Control of the PA7 edge detecting mode is accomplished by 
writing to one of four addresses. In this operation, AO controls 
the polarity of the active transition and A1 acts to enable or dis- 
able interrupting of the processor. The data which is placed on 
the Data Bus during this operation is discarded and has no 
effect on the control of PA7. 


The PA7 interrupt flag is set on an active transition, even if the 
pin is being used as a normal input or as a peripheral control 
output. The flag is also set by an active transition if the PA7 
interrupt is disabled. The reset signal (RES) disables the PA7 
interrupt and enables negative (high-to-low) edge detection on 
PA7. The PA7 edge detect logic can be set to detect either a 
positive or negative transition and to either enable or disable 
interrupt (IRQ) generation upon detection. 


НАМ-/О-Тітег (МОТ) 


During system initialization, the interrupt flag may inadvertently 
be set by an unexpected transition on the PA7. It is therefore 
recommended that the interrupt flag be cleared before enabling 
interrupting from PA7. To clear PA7 interrupt flag, simply read 
the interrupt Flag Register. 


INTERVAL TIMER 


The Timer section of the R6532 contains three basic parts: pre- 
liminary divide down register, programmable 8-bit register and 
interrupt logic. 


The Timer can be programmed to count up to 255 time intervals. 
Each time interval can be either 1T, 8T, 64T or 1024T incre- 
ments, where T is the system clock period. When a full count 
is reached, an interrupt flag is set to logic ^1". After the interrupt 
flag is set the internal clock begins counting down at the system 
clock rate to a maximum of —255Т. Thus, after the interrupt flag 
is set, a Read of the timer will tell how long since the flag was 
set up to a maximum of 255T. 


A1 А0 


t t 


DIVIDE у 
DOWN | a= 


Basic Elements of Interval Timer 


86532 RAM-I/O-Timer (RIOT) 

INTERVAL TIMER EXAMPLE 

The 8-bit microprocessor data bus transfers data to and from Valueread =11100100 

the Timer. If a count of 52 time intervals were to be counted, Сотретет - 00011011 

the раНет 0 0 1 1 0 1 0 O would be put on the data bus and ADD 1 -00011100- 28 Equals two's com- 

written into the divide by 1 Timer register. plement of register 
SUB 1 =00011011= 27 


At the same time that data is being written to the Timer, the 
counting intervals of 1, 8, 64, 1024T are decoded from address 
lines AO and A1. During a Read or Write operation address line 
АЗ controls the interrupt capability of PB7, i.e., АЗ = 1 enables 
IRQ, АЗ = 0 disables IRQ. When the timer is read prior to the 
interrupt flag being set, the number of time intervals remaining 
will be read, i.e., 51, 50, 49, etc. 


When the Timer has counted through 0 000000 Oonthe 
next count time an interrupt will occur and the counter will read 
112111 1 1 1. After the interrupt flag is set, the timer reg- 
ister decrements at a divide by “1” rate of the system clock. If 
the timer is read after the interrupt flag is set and a value of 
111001004is read, the time since interrupt is 27T. Тһе 
value read is in two's complement, but reme mber that interrupt 
occurred on count number one. Therefore, we must subtract 1. 


COUNTER CONTENTS 


P Tc —9| 
o | 


Thus, to arrive at ће tota/ elapsed time, merely do а two's com- 


plement add to the original time written into the timer. Again, 
assume time written as O 0 1 1 0 1 0 0(=52). With a divide 
by 8, total time to interrupt $ (52 x 8) + 1 = 4177. Total elapsed 
time would be 416T + 27T = 443T, assuming the value read 
after interrupt was 11100100. 


The interrupt flag will be reset whenever the Timer is accessed 
by a read or a write. However, the reading of the timer at the 
same time the interrupt occurs will not reset the interrupt flag. 
When the interrupt flags are read (D7 for the timer, D6 for the 
edge detect) data bus lines 00-05 go to 0. 


When reading the timer after an interrupt, A3 should be low so 
as to disable the TRO pin. This is done so as to avoid future 
interrupts until after another Write timer operation. 


| o | 255 | 254 | 253 | | ва | 


ағамнан ЕЙТ ЛЛ Р, rum л тт, rU 
WRITE TIMER п 
PRE-SCALE OUTPUT 


N-P-To + Tc/2 —] | 
INTERRUPT FLAG (BIT 7) 
READ TIMER ООО LL 


Notes: 

Assume 52 Loaded into Timer with a divide by 8. 

The Counter Contents and the Clock Pulse Numbers will coincide. 
Prescale, P = 8. 
Cycle Time, Тс = 
Count, N = 52 


1 psec (for 1 MHz) 


Interval Time Example Waveforms 
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R6532 НАМ-І/О-Тітег (RIOT) 


BUS AND PERIPHERAL TIMING WAVEFORMS 


READ TIMING 


ADDRESS 
CS, RS, ETC 


PERIPHERAL 
DATA 


WRITE TIMING 


о та 
22222. 


NNNNM 


PERIPHERAL 
DATA 


2-88 


R6532 RAM-I/O-Timer (RIOT) 


AC CHARACTERISTICS 


Characteristic | с. | m и 


Cox Puso Wat ei || 


READ TIMING 


Address Set Up Time ла БЕСЛЕН 
Address Hold Time [ms | o [ - | 
RAV Set Up Time ИШЕ | то | - __ 


Data Bus Hold Time Oo m || - | 
Peripheral Data Set Up Time || Та | жю | - | 


МАТЕ ТІМІМС 


р | 
ПЕ ПОС ЕСТЕН ПЕ 
ЕО | m | ю БЕНЕН 
ЕО ООО [о [с 
ОО ОИ [с 
ПО — — — | m — | 9] 
ШЕСТІТІСІТ ІЛ БЕНЕН ООС [Ж 
[omma routine | m ПОС 

| 

[= | 


Peripheral Data Delay Time 


Peripheral Data Delay Time CMOS ШЕГЕН 
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R6532 НАМ-І/О-Тітег (RIOT) 


MAXIMUM RATINGS* 

“Note: This device contains input protection against damage due to high 
static voltages or electric fields; however, precautions should be taken 

Supply Voltage to avoid application of voltages higher than the maximum rating. 


Input Voltage 


Operating Temperature 
Commercial 0 to +70 
industrial —40 to +85 


Storage Temperature 


DC CHARACTERISTICS 


(Vcc = 50 +5%, T, = T, to Т, unless otherwise noted) 


Test Conditions 


Characteristic 


Input High Voltage 


Input Low Voltage 


Input Leakage Current: бе Vin = OV to 5.0V 
А0-А6, RS, RW, RES, 02, CS1,CS2 Мос = OV 


= 0.4V to 2.4V 


Input Leakage Current for Three-State Off 
00-07 


Input High Current 
РАО-РА7, РВО-РВ7 


Input Low Current 
PAO-PA7, PBO-PB7 


Voc = 4.75V 
Водо = -1 00 БА 
loan = З ТА 


Output High Voitage 
РАО-РА7, РВО-РВ7 (TTL drive), 00-07 
PBO-PB7 (other than TTL drive, e.g., Darlington) 


Мес = 4.75V 
loan = 1,6 ТА 


a 
Output Low Voltage 
00-07 


Output High Current (Sourcing) 
РАО-РА7, РВО-РВ7 (TTL drive), 00-07 
PBO-PB7 (other drive, e.g., Darlington) 


Output Low Current (Sinking) 
PAO-PA7, PBO-PB7 


input Capacitance 
02 
Other 


Other Capacitance 


Power Dissipation 


Notes: 
1. All units are direct current (DC). 
2. Negative sign indicates outward current flow, positive indicates inward flow. 
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R6532 | НАМ-І/О-Тітег (RIOT) 


PACKAGE DIMENSIONS 
40-PIN CERAMIC DIP 


a ETERS NCES | 
Dim] MIN. TMAX | мм | МАХ | 
ГА [50.28 | 51.31 [1.980] 2.0201 
|В | 14.86 | 15.62 [0.585 | 0.615) 
[c | 254| 4.19 [0.100 | 0.165] 


[D | 038] 0.53 [0.015 | 0.021 | 

ЈЕ | 076] 1.40 [0.030 | 0.055] 
| 2.54 В5С | 0.100 BSC 

[н | 0761 1-78 [0.030 [ 0.070 | 

|у [ 0.20 [ 0.33 [0.008 | 0.013 | 

| 419 | 0.100 | 0.165 | 

[L | 14.60 [1537 [ 0.575 | 0.605 | 


MILLIMETERS] INCHES | 

[MAX | мм ] МАХ | 
[51.26 [52.32 [2.040 | 2.060 | 
| 13.72 [14.22 [0.540 | 0. 
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INTRODUCTION 


The Rockwell R6541Q, R6500/41, R6500/42 and R6500/43 
One-Chip Intelligent Peripheral Controllers (IPC) are general 
purpose, programmable interface ИО devices designed for use 
with a variety of 8-bit and 16-bit microprocessor systems. 


NOTE 


This document describes four Intelligent Peripheral Con- 
troller devices. In the text, the terms IPC or device will be 
used when describing all parts. The few differences will 
be described in the text using the terms R6541Q, 
R6500/41, R6500/42 , or В6500/43. 


The one-chip R6500/41 IPC has an enhanced R6502 CPU, 
1.5K Бу 8-bit ROM, 64 by 8-bit RAM, three /О ports with mul- 
tiplexed special functions, and a multi-function timer all con- 
tained within a 40 pin package. 


For systems requiring additional I/O ports, the device is also 
available in a 64-pin QUIP version, R6500/42, that provides 
three additional 8-bit ports. 


Another 64 pin QUIP version, R6500/43, is functionally equiv- 
alent to the R6500/41 except 4K addresses and а data bus аге 
provided on pins, and the ROM size is optionally 256 or O bytes. 


The R6541Q, also a 64 pin QUIP version, is functionally iden- 
tical to the R6500/43 except it has no options. The part has no 
ROM and no port pull-up resistors. It can be used as an IPC 
microprocessor or as an emulator for the farnily. 


In ali versions, special interface registers aliow these IPC devices 
to function as peripheral controllers for the 6500, 6800, 280, 
8080, and other 8-bit or 16-bit host microcomputer systems. The 
innovative architecture and the demonstrated high performance 
of the R6502 CPU, as well as the instruction simplicity results 
in system cost-effectiveness and a wide range of computational 
power. These features make the device a leading candidate for 
IPC computer applications. 


Ll (Pn eA ни ————— 


Document No. 29000D95 


R6541Q, R6500/41, R6500/42 & R6500/43 
ONE-CHIP INTELLIGENT 
PERIPHERAL CONTROLLER 


R6541Q • R6500/41, /42, /43 
R6500 Microcomputer System 


FEATURES 


e Directly compatible with 6500, 6800, 8080, and Z80 bus 
families 

• Asynchronous Host interface that allows independent clock 

operation 

Input, Output and Status Registers for CPU/Host data transfers 

Interrupt or polled data interchange with Host 

e Enhanced 6502 CPU 


— Four new bit manipulation instructions: 
Set Memory Bit (SMB) 
Reset Memory Bit (RMB) 
Branch on Bit Set (BBS) 
Branch on Bit Reset (BBR) 


—Decimal and binary arithmetic modes 

— 13 addressing modes 

—-True indexing 

1.5K, 256 or zero bytes mask-programmable ROM 
64-byte static RAM 

47 TTL-compatible ИО lines (R6500/42) 

23 TTL-compatible ИО lines (all others) 

A 16-bit programmable counter/timer, with latch 

— Pulse wicth measurement 

— Pulse generation 

— interval timer 

— Event counter 

Seven interrupts 

— Two edge-sensitive lines: one positive, one negative 
— Резе! 

— Counter 

— Host data received 

— Output Data Register full 

— Input Data Register empty 

Multiplexed bus expandable to 4K bytes of external memory 
e Unmultiplexed bus for Peripheral I/O expansion 


68% of the instructions are executed in less than 24s at 2 
MHz 


NMOS-3 silicon gate, depletion load technology 
Single +5V power supply 

40-pin DIP (R6500/41) 

64-pin QUIP (all others) 


Data Sheet Order No. D95 
Rev. 1, February 1983 


R6541Q e 6500/41, /42, /43 


Rockwell supports development of the R6500/41, R6500/42, 
and R6500/43 with the System 65 Microcomputer develop- 
ment System and the R6500/* Family of Personality Mod- 
ules. Complete in-circuit emulation with the R6500/* Family 
of Personality Modules allows total system test and evaluation. 


This document is for the reader familiar with the R6502 CPU 
hardware and programming capabilities. A detailed descrip- 
tion of the А6502 CPU hardware is included in the R6500 
Microcomputer System Hardware Manual (Order Number 
201). Adescription of the instruction capabilities of the R6502 
CPU is contained in the R6500 Microcomputer System Pro- 
gramming Manual (Order Number 202). 


Additional information on the devices can be obtained from 
the R6500/41 and R6500/42 Product Description (Order 
Number 2135) and the R6500/43 and R6541Q Product 
Description (Order Number 2136). 


FUNCTIONAL DESCRIPTION 


The internal CPU or the device is a standard R6502 config- 
uration with the standard R6502 instructions, plus four new 
bit manipulation instructions. These new bit manipulator 
instructions form an enhanced H6502 instruction set and 
improve memory utilization efficiency and performance. 


Set Memory Bit (SMB #,ADDR.) 


This instruction sets to "1" one bit of the 8-bit data field spec- 
ified by the zero page address (memory or I/O port). The first 
byte of the instruction specifies the SMB operation and which 
one of the eight bits to set. The second byte of the instruction 
designates the address (0-255) of the byte or the I/O port to 
be operated on. 


Reset Memory Bit (RMB #,ADDR.) 


This instruction has the. same operation and format as the 
SMB instruction except that a reset to "0" results. 


Branch on Bit Set Relative (BBS #,ADDR.,DEST) 


This instruction tests one of the eight bits designated by a 
3-bit immediate field within the first byte of the instruction. 
The second byte designates the location of the byte or /О 
port to be tested within the zero page address range. The 
third byte of the instruction specifies the 8-bit relative address 
that the instruction will branch to if the tested bit is a "1". If 
the bit tested is not set, the next sequential instruction is 
executed. 


Branch on Bit Reset Relative 
(BBR £,ADDR.,DEST) 


This instruction has the same operation and format as the 
BBS instruction except that a branch occurs if the bit tested 
is a "0". 


Read Only Memory (ROM) 


The HOM consists of 1536 bytes of mask programmable 
memory with an address space from FAOO to FFFF for the 


One-Chip Intelligent Peripheral Controller 
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MASK OPTIONS 


The R6500/41 provides for internal pull-up resistors on PA 
and PC ports as a mask option. This option is available for 
port groups only, not for individual port lines. 


The R6500/42 has provision for pull-up resistors on PA, PC, 
PF, and PG ports as a mask option. This option is available 
for port groups only, not for individual port lines. 


The R6500/43 allows for 256 Bytes of ROM or no ROM, the 
Reset vector at FFFC or OFFC, and pull-up resistors on PA 
and PC ports as independent mask options. The port resistor 
options are available for port groups only, not for individual 
port lines. 


The R6541Q has no options. It is configured with no ROM, 
Heset vector at FFFC, and no pull-up resistors. 


R6500/41 and R6500/42. The R6500/43 has an optional 256 
bytes of ROM at address space 0Ғ00 to OFFF. The R6541Q 
has no ROM. 


Random Access Memory (RAM) 

The RAM consists of 64 bytes of read/write memory with an 
assigned page zero address of 0040 through 007F. 
System Clock 


The device functions with an external clock. It is fully asyn- 
chronous in reference to the Host computer timing. The 
device clock frequency equals the external clock frequency. 
It is also made available for any external device synchroniz- 
ation at pin 22. 


Parallel Input/Output Ports 


All of the devices except the R6500/42 have 23 I/O lines 
grouped into three ports (PA, PB, PC). Ports A and C may 
be used either for input or output individually or in groups of 
any combination. Port B may be used as all inputs or all 
outputs. 


Port A (PA) 


Port A can be programmed as a standard parallel 8-bit I/O 
port or, under software control, as a counter I/O line or pos- 
itive and negative edge detects. 


Port B (PB) 
Port B can be programmed as an I/O port. 


Port C (PC) 

Port C has seven pins and сап be programmed as an I/O 
port. 

Ports E, F, and G (PE, PF, & PG) R6500/42 only 


The R6500/42 has all of the above ports A, B, and C, plus 
three extra ports (PE, PF, PG). Port E is outputs only. Ports 
F and G are bidirectional in any combination. 


R6541Q • R6500/41, /42, /43 


Host Computer Interface 


The device will work with a variety of Host Computers. The 
HOST interface consists of a chip select, one address line, 
two control lines, and an 8-bit 3-state data bus. Internal logic 
(controlled by MCR4) configures the address and two control 
lines to either a 6500 or 8080 operational methodology. The 
interface is completely asynchronous and will work with a 
Host Computer up to a 5 MHz bus transfer rate. The device 
clock input frequency need not be the same as the Host's. 
A mode control register is set to match the interface to that 
of the Host device as follows: 


The device has an 8-bit Input Data Register (IDR) and an 8- 
bit Output Data Register (ODR). The IDR serves as a tem- 
porary storage for commands and data from the Host to the 
device. 


The ODR serves as a temporary storage for data from the 
device to the Host. 


A Host Status Flag Register facilitates a software protocol 
that permits independent and uninterrupted flow of data 
asynchronously between the Host Computer and the device. 


The Host Status Flag Register contains eight flag bits that 
can be read at any time by either the Host ог the device. 


R6541Q R6500/43 


CLK CKTS | EDGE DET | 
STATI 
INT LDGIC REGIS; 

| мом, | b 


CLK IN 


РАФ-РАТ 
(РАФРЕО) 
(PA1-NED) 
(PA2-CNTR) 


An rm PBO-PB: 
7 
64 BYTES RAM PORT В + 
Е (RB) EN (РАТЕ 
RAW (WR) 


РСО-РСВ 
PORTC К (А0, A1, А2, Аз, 
EMS, RW, INT)” 
16 BIT 
CONTROL REG EM 
INPUT РАТА || OUTPUT DATA | | — #2 
REG REG 
= АА, Аб 


* MULTIPLEXED OPTION 
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Counter/Latch Logic 


The device contains a 16-bit counter and a 16-bit latch 
associated with it. The counter can be independently pro- 
grammed to operate in опе of four modes: 


Counter 


e Pulse width measurement 
e Pulse Generation 

e Interval Timer 
e Event Counter 


Mode Control Register (MCR) 


The Mode Control Register contains control bits for the multi- 
function ИО ports, mode select bits for ihe Counter, and a 
selection bit for the type of Host interface. 


interrupt Flag Register (IFR) 
and interrupt Enable Register (IER) 
The device includes an Interrupt Flag Register and an Inter- 


rupt Enable Register which flags and controls /О and counter 
status. 


__ 6500/41 


СІК СКТЅ ЕССЕ ОЕТ 


RES 
| STATUS 
INT LOGIC 
Voc REGISTER 


Vss —— 


РАО-РА? 
6502 СРИ PORTA c= ТЕО) 
cs {PA2-CNTR) 
до (RS) - 
— P 
= 64 BYTES RAM PORT В ae А TRISTATE)" 
E (85) — 3 | Е ^ 
RAW (WR) — f | ші РСО-РС6 
1.5K ROM PORT C СК {A0, А1, A2, Аз, 
E EMS, RAW, INT)" 
18 BIT 
CONTROL REG | | CONTR/LATCH 


ex INPUT DATA eurer MES #2 


CLK IN 


Т DATA 
EG 
-- 


=; РЕО-РЕ? 
Poorer СУ PORT 6 PORTE LS Darlington Output Only 
i KC IL РҒО-РЕ? 
| РОЯ 


ТЕ 
_ 9650042 


* MULTIPLEXED OPTION 
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One-Chip Intelligent Peripheral Controller 


KEY REGISTER SUMMARY 


CPU Registers 


Processor Status Register 


6 5 100 
7 0 
А ACCUMULATOR А м | у 2 | с 
7 9 
LL -— CARRY 
Y INDEX REGISTER Y Y CARRY (С) (1) 
7 0 1 Carry Set 
X INDEX REGISTER X х 0 Carry Clear 
15 7 0 --- Zere (2) (1) 
РСН PCL PROGRAM COUNTER 
Т —1 “ OUNT РС 1 Zere Result 
— 0 Non-Zero Result 
SP STACK POINTER 5 
7 0 -— INTERRUPT DISABLE (1) (2) 
му [e Jo [i Jz [o] processor status НЕС Р 1 - IRQ Interrupt Disebled 
о IRQ interrupt Enabled 
“------------- DECIMAL MODE (D) (1) 
1 Decimai Меде 
0 Binary Mode 
. пи = BREAK COMMAND (B) (1) 
Mode Control Register + Break Command 
0  Non-Break Cemmend 
—— -— OVERFLOW (У) (1) 
DDR 
ADDA 0014 1 Overfiow Set 
0 - Overflew Clear 
— --- NEGATIVE (М) (1) 
NOTES — | 
(1). Net initialized by RES 1. Negetive Value 
COUNTER (2) Set te Logic 1 by RES о Pesitive Value 
SELECT MODE 
BUS MODE 
SELECT 
NOT USED 0 0 iNTERVAL TIMER 
о 1 PULSE GENERATDR 
1 0 EVENT COUNTER . 
BUS SELECT t 1 PULSE WIDTH MEASUREMENT А 
0 = 6500/6800 BUS Interrupt Enable and Flag Registers 
1- 280/8080 BUS 
INT SELECT 
9 - PCS IER 7 1 ADDR 0012 
1-жт 
9 0 PORT 6 ALL INPUTS 
0 1 PORTB ALL OUTPUTS 
1 0 ABBREVIATED BUS MODE 
1 4 MULTIPLEXEO BUS MODE 
IFR 1 | | ADDR 0011 


Host Status Flag Register 


= ||| || " mU nd 


iNPUT DATA REGISTER 
FULL FLAG 


OUTPUT DATA REGISTER 
FULL FLAG 


COPIES RS ON 
WRITE FROM HOST 


GENERAL PURPOSE 
FLAGS STATUS REGISTER 
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PAO POSITIVE 
EDGE DETECT 
INTERRUPT ENABLE 


РА1 NEGATIVE 
ЕОСЕ DETECT 
INTERRUPT ENABLE 


INTERMAL INTERRUPT 
REQUEST INTERRUPT ENABLE 


EXTERNAL INTERF ЏРТ5 REQUEST 1, 
INT-t ENABLE 


EXTERNAL INTERRUPT REQLIEST 2, 
INT-2 ENABLE 


COUNTER UNDERFLOW 
INTERRUPT ENABLE 


Host Addressing Matrix 


READ 


HOST 
STATUS FLAG 


COMMAND 
INPUT 


DATA REG 
INPUT 


DATA REG 
OUTPUT 
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— ii 
or mH 
EIS 
0.190 MAX 55 
(4.82 MM) 0.100 MIN 
(2.54 MM) 
OOT OR NOTCH 0.155 MAX 
TO LOCATE (3.93 MM) 0.010 MIN 
PIN NO. 1 ----» MEE. PR 


cs 


Interface Diagram 
mu 1 n MS 


• 
amen и 51 ММ) 
(48.00 мм) 
2.050 МАХ 
1. 
(51.30 ММ) 19 EQUAL SPACES 
0.100 & TOL NONCUM. 
(2.54 MM) 


m Бе 212214 


Е (RO) 
RW (WR) 
RS (А0) 
HDO 
HDI 
ног 
ноз 
HD4 
HD5 
нов 
HD7 
PCO 
PCI 
PC2 
PC3 
РС4 


РС5 
РС6 


fe 


L TYP. ! 
FIGURE 2-2. Н6500/41 Pin Out Designation E SE eene Ба (1.65 ММ) 0.065 (055 MM) 0.022 
(40 PIN DIP) (1.01 MM) 0.040 (0.45 MM) 0.018 


, 0.600 TYP 
(15.87 MM) 
40 PIN DIP 


FIGURE 2-3. R6500/41 Dimensional Outline 


ie 10 MAX 
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interface Diagram 


64 PE2 
63 РЕЗ 
62 РЕД 
61 РЕБ 
60 PEG 
59 PE? 
58 Мос 


53 |---=-РВА 

52 PB3 

51 PB2 

865419 R6500/42 50 PBI 
& 49 Е- РВО 
R6500/43 48 PG? 
47 a Раб 

asho PGS 

45 PG4 

44 PG3 

43 PG2 

42 PGi 

41 PGO 

40 РЕ7 

за РЕб 

38 РЕБ 

37 PFA 

36 PF3 

35 PF2 

34 241 

33 PFO 


FIGURE 2-4. R6541Q, R6500/42 & R6500/43 Pin Out Designations 
(64 PIN QUIP) 
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ЕЯ азс дак | 
| 4 = E 
.020 ТУР. еі 
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== | 
cut 
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(41.25 ММ) 5 
| 
e f | | 
5 u 
83 
го б 
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one 
5 v р 
z > | 
о о i 
c m Y 
= 7 р 
{ | 
Y ззг m call + 
= 050 REF ЕЕ к 
E (1.27 MM) ра 
-----(1727 ММ) -—--=| ТУР 
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(19.05 ММ) | 
À ff Т D (= КТ 
Gad. 3^ навести A wi 
Ош | | 
mpm NNI EN 
f. f. th 
64 PIN QUIP 
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2-98 


R6541Q e R6500/41, /42, /43 One-Chip Intelligent Peripheral Controller 


ELECTRICAL SPECIFICATIONS 


Maximum Ratings 


RATING SYMBOL VALUE UNIT 
Supply Voltage Мес —0.3 to +7.0 Мас 
input Voltage Via -0.3 to +7.0 Мас 
Operating Tamperature Range. 77 T Oto +70 oC 
Commercial 
Storage Temperature Range Tas: -65 to - 150 "C 


This device contains circuitry to protect the inputs against damage due to nigh static voltages, however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum rated voltages to this circuit. 


D.C. Characteristics (Усс = 5V + 5%; Vs, = 0) 


CHARACTERISTIC SYMBOL MIN TYP MAX UNITS 
Power Dissipation (Outputs High) Po mW 
Commercial 0°C to -70°C ES 500 — 
i 
Input High Voltage (Normal Oparating Levels) Ми +2.0 ame Мег | Мас 
i Input Low Voltage (Normal Operating Levels) Vo | -0.3 — - 0.8 Мас | 
Input Leakage Current m -100 -100 дАйс 
Vin = 010 5.25 Мас | 
; Input Low Current he -1.0 ! -1.6 made 
(V. = 0.4 Мас) | | | | 
t 1 
| Output High Voltage | Von -24 | - | Мес Мас 
(Мес = min, hoaa = – 100 дАдс) | P 
! Output High Voltage Vemos Vec -30% | - Мес Мас | 
Мес = min) $ 
Output Low Voltage Vor - - -0.4 мас 
(Мес = min, lis = 1.6 тАдс) ' 
| Output High Current (Sourcing) lon -100 — - „дс 
(Мон = 2.4 Мас) 
Output Low Current (Sinking) lo. 16 — — mádc 
(Мо, = 0.4 Vde) 
Darlington Current Drive, PE* lon -10 | - - тАйс | 
(Мон = 1.5 Мас) | 
Output Low Current, РЕ* ы 1.6 - - | тАйс 
(Vo. = 0.4 Мас) i 
Input Capacitance C. — - 10 рЕ 


(М, - 0. Ta = 25°C, f = 1.0 MHz} 
РА, РВ, PC, PF", PG" 


Output Capacitance Cour i i - 10 РР | 
(М, - 0, T, - 25°C, f = 1.0 MHz) 
#0 Port Resistance В. 3.0 6.0 11.5 ко 


РАО-РАТ, PCO-PC6 
PFO-PF7, PGO-PG7 


NOTE: Negetive sign indicates outward current flow, positive indicates inward flow. Усс = 5V + 5%. *R6500/42 only. 
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DESCRIPTION 


The R6545-1 CRT Controller (CRTC) interfaces an 8-bit micro- 
Processor to CRT raster scan video displays, and adds an 
advanced CRT controller to the established and expanding line 
of R6500, R6500/* апа R65C00 microprocessor, microcom- 
puter and peripheral device products. 


The R6545-1 provides refresh memory addresses and char- 
acter generator row addresses which allow up to 16K characters 
with 32 scan lines per character to be addressed. A major 
advantage of the R6545-1 is that the refresh memory may be 
addressed in either straight binary or by row/column. 


Other functions in the R6545-1 inciude an internal cursor reg- 
ister which generates a cursor output when its contents are 
equal to the current refresh address. Programmable cursor start 
and end registers allow a cursor of up to the full character scan 
in height to be placed on any scan lines of the character. Vari- 
able cursor display blink rates are provided. A light pen strobe 
input allows capture of the current refresh address in an internal 
light pen register. The refresh address lines are configured to 
provide direct dynamic memory refresh. 


All timing for the video refresh memory signals is derived from 
the character clock input. Shift register, latch, and multiplex con- 
trol signals (when needed) are provided by external high-speed 
timing. The mode control register allows noninterlaced video 
display modes at 50 or 60 Hz refresh rate. The internal status 
register may be used to monitor the R6545-1 operation. The 
RES input allows the CRTC-generated field rate to be dynam- 
ically-synchronized with line frequency jitter. 


ORDERING INFORMATION 


Part Number: А6545-1_ _ _ 
L Operating Temperature (T, to Ty) 
No letter = 0°С to 70°С 
Е = -40°C to 85°C 


- Package 
- Plastic 
C - Ceramic 


Operating Frequency 
No Letter - 1 MHz 
А = 2 MHz 


“мм 


Document Мо. 29000067 


CRT CONTROLLER (CRTC) 


R6545-1 


R6545-1 


FEATURES 


Compatible with 8-bit microprocessors 

е Up to 2.5 MHz character clock operatio? 

Refresh RAM may be configured in row/column or straight 
binary addressing 

Alphanumeric and limited graphics capability 

Up and down scrolling by page, line, or character 
Programmable Vertical Sync Width 

Fully programmable display (rows, columns, character matrix) 


Video Display RAM may be configured as part of micropro- 
cessor memory field or independently slaved ю R6545-1 
(Transparent Addressing) 

Non-interlaced scan 

50/60 Hz operation 

Fully programmable cursor 

Light pen register 

Addresses refresh RAM to 16K characters 

No external DMA required 

Internal status register 

40-Pin ceramic or plastic DIP 

Pin-compatible with MC6845 

Single +5 +5% Volt Power Supply 


vss 

RES 

LPEN 
CCO/MAO 
CC1/MA1 
CC2/MA2 
CC3/MA3 
CC4/MA4 
СС5/МА5 
СС6/МА6 
CC7/MA7 
CRO/MAB 
CR1/MA9 
CR2/MA10 
CR3'MA11 
CR4/MA12 
CR5/MA13 
DISPLAY ENABLE 
CURSOR 
vcc 


1 
2 
3 
4 
5 
6 
7 
8 


R6545-1 Pin Configuration 


Data Sheet Order No. D67 
Rev. 1, June 1983 
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INTERFACE SIGNAL DESCRIPTION 


Figure 1 illustrates the interface between the CPU, the R6545-1, 
and the video circuitry. Figure 2 shows typical timing waveforms 
at the video interface. 


CPU I/F VIDEO I/F 
—— HSYNC 
00-07 VSYNC 
DISPLAY ENABLE 
02 CURSOR 
RW LPEN 
cs CCLK 
RS RES 


ШЕ 


MAO-MA13 НА0-НА4 
REFRESH RAM AND CHARACTER ROM 


Figure 1. R6545-1 Interface Diagram 


CPU INTERFACE 


02 (Phase 2 Clock) 


The Phase 2 (02) input clock triggers all data transfers between 
the system processor (CPU) and the R6545-1. Since there is 
no maximum limit to the allowable £2 clock time, it is not nec- 
essary for it to be a continuous clock. This capability permits 
the R6545-1 to be easily interfaced to non-6500 compatible 
microprocessors. 


R/W (Read/Write) 


The R/W input signal generated by the processor controls the 
direction of data transfers. A high on the R/W pin allows the 
processor to read the data supplied by the R6545-1, a low on 
the ВАМ pin allows data on data lines 00-07 to be written into 
the R6545-1. 


CS (Chip Select) 


The Chip Select input is normally connected to the processor 
address bus either directly or through a decoder. The R6545-1 
is selected when CS is low. 


RS (Register Select) 


The Register Select input accesses internal registers. A low on 
this pin permits writes (R/W — low) into the Address Register 
and reads (ВАМ = high) from the Status Register. The contents 
of the Address Register is the identity of the register accessed 
when RS is high. 


00-07 (Data Bus) 


The eight data lines (00-07) transfer data between the pro- 
cessor and the R6545-1. These lines are bidirectional and are 
normally high-impedence except during read cycles when the 
chip is selected (CS = low). 
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VIDEO INTERFACE 


HSYNC (Horizontal Sync) 


The HSYNC active-high output signal determines the horizontal 
position of displayed text. It may drive a CRT monitor directly 
or may be used for composite video generation. HSYNC time 
position and width are fully programmable. 


VSYNC (Vertical Sync) 


The VSYNC active-high output signal determines the vertical 
Position of displayed text. Like HSYNC, VSYNC may drive a 
CRT monitor or composite video generation circuits. VSYNC 
time position and width are both programmable. 


DISPLAY ENABLE (Display Enable) 


The DISPLAY ENABLE active-high output signal indicates when 
the R6545-1 is generating active display information. The number 
of horizontal display characters per row and the number of ver- 
tical display rows are both fully programmable and together gen- 
erate the DISPLAY ENABLE signal. DISPLAY ENABLE delays 
one character time by setting bit 4 of RB to a 1. 


CURSOR (Cursor Coincidence) 


The CURSOR active-high output signal indicates when the scan 
coincides with the programmed cursor position. The cursor 
position is programmable to any character in the address field. 
Furthermore, within the character, the cursor may be pro- 
grammed to be any block of scan lines, since the start scan line 
and the end scan line are both programmable. The cursor 
position may be delayed by one character time by setting Bit 5 
of R8 to a 1. 


LPEN (Light Pen Strobe) 


The LPEN edge-sensitive input signal loads the internal Light 
Pen Register with the contents of the Refresh Scan Counter at 
the time the active edge occurs. The low-to-high transition 
activates LPEN. 


CCLK (Clock) 


The CCLK character timing clock input signal is the time base 
for all internal count/control functions. 


RES 


The RES active-low input signal initializes all internal scan 
counter circuits. When RES is low, all internal counters stop and 
clear all scan and video outputs go low with no affect on control 
registers. RES must stay low for at least one CCLK period. All 
scan timing initiates when RES goes high. In this way, RES can 
synchronize display frame timing with line frequency. RES may 
also synchronize multiple CRTC's in horizontal and/or vertical 
split screen operation. 


R6545-1 


REFRESH RAM AND CHARACTER ROM 
INTERFACE 


MAO-MA13 (Refresh RAM Address Lines) 


These 14 active-high output signals address the Refresh RAM 
for character storage and display operations. The fully program- 
mable starting scan address and ending scan address deter- 
mines the total number of characters displayed, in terms of 
characters/line and lines/frame. 


There are two selectable address modes for MAO-MA13: 


In the straight binary mode (R8, Mode Control, bit 2 = 0), char- 
acters are stored in successive memory locations. Thus, the 
software design must translate row and column character 
coordinates into sequentially-numbered addresses. In the row/ 
column mode (R8, Mode Control, bit 2 = 1), МАО-МА7 become 
column addresses ССО-СС7 and MA8-MA13 become row 
addresses CRO-CR5. In this case, the software manipulates 
characters in terms of row and column locations, but additional 
address compression circuits are needed to convert the CCO- 
СС? and CRO-CR5 addresses into a memory-efficient binary 
address scheme. 
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RAO-RA4 (Raster Address Lines) 


These five active-high output signals select each raster scan 
within an individual character row. The number of raster scan 
lines is programmable and determines the character height, 
including spaces between character rows. 


The high-order line, RA4, is unique in that it can also function 
as a strobe output pin when the R6545-1 is programmed to 
operate in the "Transparent Address Mode." In this case the 
Strobe is an active-high output and is true atthe time the Refresh 
RAM update acidress gates on to the address lines, MAO-MA13. 
In this way, updates and readouts of the Video Display RAM 
can be made under control of the R6545-1 with only a small 
amount of external circuitry. 


1 COMPLETE FIELD (VERTICAL TOTAL) 


VERTICAL DISPLAYED 


DISPLAY 
ENABLE 


vsync | 
ee Un елей 


— 


ПІГІЛІГІГІГІНІГІГІГІЛІГІ c : 
eed |e | fts Tes ЕЕЕ ШЕЕШЕШ! 


АЦ” 


pes а COMPLETE SCAN LINE (HORIZONTAL TOTAL) | 


— 


.. HORIZONTAL DISPLAYED 


DISPLAY 


= ЛЛЛАЛЛАЛАЛЛАЛАЛЛАЛАЛАЛАЛЛ. 


ENABLE 


HSYNC 


мания О ОРОООООООООВОООВОООООООО О 


Figure 2. Vertical and Horizontal Timing 
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А6545-1 
INTERNAL REGISTER DESCRIPTION 


Table 1 summarizes the internal registers and indicates their 
address selection and read/write capabilities. 


ADDRESS REGISTER 


oe ea ЖЕ 


CRT Controller (CRTC) 


STATUS REGISTER (SR) 


—— mE — 


LRF | мат 


This 8-bit register contains the status of the CRTC. Only three 


bits are assigned, as follows: 


SR 
: "A Р ; RET ; 7 UR —Update Ready 

This 5-bit write-only register is used as a "pointer" to direct E e A . 
CRTC/CPU data transfers within the CRTC. It contains the M РО ыы пала езтанег 
number о the desired register (0-31). With CS and RS low, this Tu Bt Med ae Т date strob 
register may be loaded; with CS low and RS high, the selected 1 О ee Ru eode dne а 
register is the one whose identity is stored in this address SR 
гейзер. 6 LRF —LPEN Register Full 

© Register R16 or R17 has been read by the CPU. 

1 LPEN strobe has been réceived. 

SR 

5 УВЕ — Vertical Re-Trace 

o Scan is not currently in the vertical re-trace time. 

1 Scan currently in its vertical re-trace time. Note that 
this bit actually goes to a 1 when vertical re-trace 
starts, but goes to a 0 five character clock times 
before vertical re-trace ends to ensure that critical tim- 
ings for refresh RAM operations are avoided. 

SR 
40 —Not used. 


Tabie 1. internal Register Summary 


ES 


Stored Info. 


Horiz. Total —1 # Charac. 
Horiz. Displayed # Charac. 
Horiz. Sync Position * Charac. 


VSYNC, HSYNC Widths | # Scan Lines and 
# Char. Times 


Vert. Total —1 # Charac. Row 


~ 


# Спагас. Rows 
# Charac. Rows 
# Scan Lines 


Scan Line No. 
17 | Light Pen Reg (L) 


я 


т 


BEBE 
Ен 


ә 


9000000000 OODDERUUU 


Notes: [9] Designates used bit in register 


= Designates unused bit in register. Reading this bit is always 0, except for R31, which does 
not drive the data bus at all, and for CS = 1 which operates likewise. 
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RO—HORIZONTAL TOTAL CHARACTERS 


Test ete 


NUMBER OF CHARACTERS —1 


This 8-bit write-only register contains the total of displayed and 
non-dispiayed characters, minus one, per horizontal line. This 
register determines the frequency of HSYNC. 


R1—HORIZONTAL DISPLAYED CHARACTERS 


= Ге [ е Та Те 


NUMBER OF CHARACTERS 
This 8-bit write-only register contains the number of displayed 
characters per horizontal line. 


R2—HORIZONTAL SYNC POSITION 


шакикикикикиник 


HORIZONTAL SYNC POSITION 
This 8-bit write-only register contains the position of HSYNC on 
the horizontal! line, in terms of the character location number on 
the line. The position of the HSYNC determines the left to right 
location of the displayed text on the video screen. In this way, 
the side margins are adjusted. 


R3—HORIZONTAL AND VERTICAL SYNC WIDTHS 


7 | 6 | 5 4 з 2 |: 0 
Уз Ve У; Vo Нз Ha H; Ho 


This 8-bit write-only register contains the widths of both HSYNC 
and VSYNC, as follows: 


HVSW 
7-4  VSYNC Pulse Width 

The width of the vertical sync pulse (VSYNC) in the 

number of scan lines. When bits 4-7 are all 0, VSYNC 


is 16 scan lines wide. 


HVSW 
3-0 | HSYNC Pulse Width 
The width of the horizontal sync pulse (HSYNC) in 


the number of character clock times (CCLK). 


Control of these parameters allows the R6545-1 to interface with 
a variety of CRT monitors, since the HSYNC and VSYNC timing 
signals may be accommodated without the use of external one 
Shot timing. 


R4—VERTICAL TOTAL ROWS 


He e 


NO. OF CHAR. ROWS --1 


The 7-bit Vertical Total Register contains the total number of 
character rows in a frame, minus one. This register, along with 
R5, determines the overall frame rate, which shouid be close 
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to the line frequency to ensure flicker-free appearance. 1f the 

frame time is adjusted to be longer than the period of the line 

frequency, then RES may provide absolute synchronism. 

R5— VERTICAL TOTAL LINE ADJUST 

ШЕЛІ. «а [Е [о 
— — — SCAN LINES 

The 5-bit write-only Vertical Тога! Line Adjust Register (R5) con- 

tains the number of additional scan lines леедед to complete 


an entire frame scan and is intended as г fine adjustment for 
the video frame time. 


R6—VERTICAL DISPLAYED ROWS 


[ep Poel: 


DISPLAYED CHAR. ROWS 
This 7-bit write-only register contains the number of displayed 
character rows in each frame. This determines the vertical size 
of the displayed text. 


R7—VERTICAL SYNC POSITION 


LLL ааа [ [о 


VERTICAL POSITION 
This 7-bit write-only register selects the character row time at 
which the vertical SYNC pulse is desired to occur and, thus, 
positions the displayed text in the vertical direction. 


R8—MODE CONTROL (MC) 


7 6 5 а | s 2 1 0 
umm [usm? сөк | bs | ава | вао | — | o 


This 8-bit write-only register selects the operating modes of the 
R6545-1, as follows: 


UM(T) —Update/Read Mode (Transparent Mode) 
Update occurs during horizontal and vertical blanking 
times with update strobe. 

Update interleaves during #2 portion of cycle. 


MC 
ка 
0 


= 


US(T) —Update Strobe (Transparent Mode) 
Pin 34 functions as memory address. 
Pin 34 functions as update strobe. 


-oja § 


CSK —Cursor Skew 
No delay 
Delays Cursor one character tirne. 


- ој“ 5 


DES —Display Enable Skew 
No deiay 
Display Enable delays one character time. 


~ola8 
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MC 
3 RRA —Refresh RAM Access 
0 Shared memory access 
1 Transparent memory access 
MC 
2 RAD --Refresh RAM Addressing Mode 
0 Straight binary addressing 
1 Row/column addressing 
MC 
1 — Not Used—don’t care 
MC 
o —Not Used—must be a 0. 


R9—ROW SCAN LINES 
5 
This 5-bit write-only register contains the number of scan lines, 
minus one, per character row, including spacing. 


5 4 


[|| 


SCAN LINES -1 


R10—CURSOR START LINE 


е [= + [2+ о | 
= 


Bo START SCAN LINE 


R11—CURSOR END LINE 


7 6 5 4 


зао 


END SCAN LINE 


These 5-bit write-only registers select the starting and ending 
scan lines for the cursor. In addition, bits 5 and 6 of R10 are 
used to select the cursor blink mode, as follows: 


Display Cursor Continuously 
Blank Cursor 

Blink Cursor at 1/16 Field Rate 
Blink Cursor at 1/32 Field Rate 


A one character wide cursor can be controlled by storing values 
into the Cursor Start Line (R10) and Cursor End Line (R11) reg- 
isters and into the Cursor Position Address High (R14) and 
Cursor Position Low (R15) registers. 


R12—DISPLAY START ADDRESS HIGH 


ев 4] з|[2| [о | 
| – | - | DISPLAY START ADDRESS HIGH 


R13—DISPLAY START ADDRESS LOW 


ера [ар ро | 
DISPLAY START ADDRESS LOW 
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These registers form a 14-bit register whose contents is the 
memory address of the first character of the displayed scan (the 
character on the top left of the video display, as in Figure 1). 
Subsequent memory addresses are generated by the R6545-1 
as a result of CCLK input pulses. Scrolling of the display is 
accomplished by changing R12 and R13 to the memory address 
associated with the first character of the desired line of text to 
be displayed first. Entire pages of text may be scrolled or 
changed as well via R12 and R13. 


R14—CURSOR POSITION HIGH 


[Егер Ге | 
[- |-] газот position ich” — | 


R15—CURSOR POSITION LOW 


ГГ ІЗІЗІЗІЗІЗТ? 


These registers form а 14-bit register whose contents is the 
memory address of the current cursor position. When the video 
display scan counter (MA lines) matches the contents of this reg- 
ister, and when the scan line counter (RA lines) falls within the 
bounds set by R10 and R11, then the CURSOR output becomes 
active. Bit 5 of the Mode Control Register (R8) may be used to 
delay the CURSOR output by a full CCLK time to accommodate 
slow access memories. 


A cursor of up to 32 characters in height can be displayed on 
and between the scan lines as loaded into the Cursor Start Line 
(R10) and Cursor End Line (R11) Registers. 


The cursor is positioned on the screen by loading the Cursor 
Position Address High (R14) and Cursor Position Address Low 
(R15) registers with the desired refresh RAM address. The 
cursor can be positioned in any of the 16K character positions. 
Hardware paging and даа scrolling is thus allowed without loss 
of cursor position. Figure 3 is an example of the display cursor 
scan line. 


UNDERLINE 
CURSOR 


OVERLINE 
CURSOR 


BOX 
CURSOR 


ETT ETT ENTE 
OOVOTaAWN=0 


"P 


CURSOR START CURSOR START CURSOR START 


LINE = 9 LINE = 1 LINE = 1 
CURSOR END CURSOR END CURSOR END 
LINE = 9 LINE = 1 LINE = 9 


Figure 3. Cursor Display Scan Line Controi Examples 
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R16—LIGHT PEN HIGH 


LPEN HIGH 
R17—LIGHT PEN LOW 


MAERERERERES 


LPEN LOW 
These registers form a 14-bit register whose contents is the light 
pen strobe position, in terms of the video display address at 
which the strobe occurred. When the LPEN input changes from 
low to high, then, on the next negative-going edge of CCLK, the 
contents of the internal scan counter is stored in registers R16 
and R17. 


1 0 


R18—UPDATE ADDRESS HIGH 


7 6 5 4 3 | 2 | 1 | 0 
-- -- UPDATE ADDRESS HIGH 


R19—UPDATE ADDRESS LOW 


Por 


UPDATE ADDRESS LOW 


These registers together comprise a 14-bit register whose con- 
tents is the memory address at which the next read or update 
will occur (for transparent address mode. only). Whenever a 
read/update occurs, the update location automatically incre- 
ments to allow for fast updates or readouts of consecutive char- 
acter locations. This is described elsewhere in this document. 
The section on REFRESH RAM ADDRESSING describes this 
more fully. 


R31—DUMMY LOCATION 


ер SH EE 


This register does not store any data, but s required to detect 
when transparent addressing updates occur. This is necessary 
to increment the Update Address Register and to set the Update 
Ready bit in the status register. 


REGISTER FORMATS 


Register pairs R12/R13, R14/R15, R16/R17, and R18/R19 are 
formatted in one of two ways: 


(1) Straight binary, if register R8, bit 2 = 0 

(2) Row/Column, if register R8, bit 2 — 1. In this case the low 
byte is the Character Column and the high byte is the Char- 
acter Row. 


errr” 


тттпт- 


NUMBER ОҒ HORIZONTAL TOTAL CHARACTERS (А0) 


== 
\ 


NUMBER OF HORIZONTAL OISPLAYEO CHARACTERS (R1) 


OISPLAY START AOORESS HIGH (R12)* 
xO OISPLAY START AOORESS LOW (R13)* 


NUMBER OF 


| SCAN LINES (R9) 


CURSOR; START LINE (R10) 
CURSOF: ENO LINE (R11) 


N 
CURSOR POSITION AOORESS HIGH (R14) 


NUMBER OF 
VERTICAL CURSOR POSITION AOORESS LOW (R15) | ORIZONTAL 
NUMBER OF Rows НЕТНАСЕ 
VERTICAL (яв) N-OISPLA 
TOTAL (NON-OISPLAY) 
ROWS 
OISPLAY PERIO 
(na) ERIOO 
VERTICAL RETRACE PERIOO 
(NON-OISPLAY) 
VERTICAL 
TOTAL | 
AOJUST (R5) 


Figure 4. Video Display Format 
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DESCRIPTION OF OPERATION 


VIDEO DISPLAY 


Figure 4 indicates the relationship of the various program reg- 
isters in the R6545-1 and the resultant video display. 


Non-displayed areas of the Video Display are for horizontal and 
vertical retrace functions of the CRT monitor. The horizontal and 
vertical syne signals, HSYNC and VSYNC, are programmed to 
occur during these intervals and trigger the retrace in the CRT 
monitor. The pulse widths are constrained by the monitor 
requirements. The time position of the pulses may be adjusted 
to vary the display margins (left, right, top, and bottom). 


REFRESH RAM ADDRESSING 


There are two modes of addressing for the video display memory: 


Shared Memory Mode (R8, BIT 3 = 0) 


In this mode, the Refresh RAM address lines (МА0-МА13) 
directly reflect the contents of the internal refresh scan character 
counter. Multiplex control, to permit addressing and selection of 
the RAM by both the CPU and the CRTC, must be provided 
external to the CRTC. In the Row/Column address mode, lines 
МАО-МА7 become character column addresses (CCO-CC7) and 
MA8-MA13 become character row addresses (CRO-CR5). Figure 
5 illustrates the system configuration. 


Transparent Memory Addressing 


For this mode, the display RAM is not directly accessible by the 
CPU, but is controlled entirely by the R6545-1. All CPU accesses 
are made via the R6545-1 and a small amount of external cir- 
cuits. Figure 6 shows the system configuration for this approach. 


SYSTEM 
Bus 


R6545-1 


MAO-MA13 


ADDRESS 


—“усонтентю 
о 


CONTROL 


7 
CHARACTER 
DATA 


CRT CONTROLLER 


- 


VSYNC 


DISPLAY ENABLE 


то 
VIDEO 
ciRCUITS 


RAO-RA4 


SHIFT 
REGISTER 


SCAN LINE 
DOT PATTERN 


CHARACTER 
DATA DATÁ 


R6545-1 
CRT CONTROLLER 


МА0-МА13 RAO-RA3 


CHARACTER 


Figure 6. Transparent Memory Addressing System Configuration 
(Data Ноја Latch Needed for Horizontai/Vertical Bianking Updates, Oniy). 
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ADDRESSING MODES 


Figure 7 illustrates the address sequence for both modes of the 
Refresh RAM address. 


Row/Column 


In this mode, the CRTC address lines (МА0-МА13) generate as 
8 column (МАО-МА7) and 6 row (МАВ-МА13) addresses. Extra 
hardware is needed to compress this addressing into a straight 
binary sequence in order to conserve memory in the refresh 
RAM (register R8, bit 2 is a 1). 


Binary 


in this mode, the CRTC address lines are straight binary and 
no compression circuits are needed. However, software com- 
plexity increases since the CRT characters cannot be stored in 
terms of their row and column locations, but must be sequential 
(register R8, bit 2 is a 0). 


USE OF DYNAMIC RAM FOR REFRESH MEMORY 


The R6545-1 permits use of dynamic RAMS as storage devices 
for the Refresh RAM by continuing to increment memory 
addresses in the non-display intervals of the scan. This is а 
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viable technique, since the Display Enable signal controls the 
actual video display blanking. Figure 7 illustrates Refresh RAM 
addressing for both row/column and binary addressing for 80 
columns and 24 rows with 10 non-displayed columns and 10 
non-displayed rows. 


Note that the straight-binary mode has the advantage that all 
display memory addresses are stored in à continuous memory 
block, starting with address 0 and ending at 1919. The disad- 
vantage with this method is that, if it is desired to change a dis- 
played character location, the row and column identity of the 
location must be converted to its binary address before the 
memory may be written. The row/column mode, on the other 
hand, does not need to undergo this conversion. However, 
memory is not used as efficiently, since the memory addresses 
are not continuous, gaps exist. This requires that the system be 
equipped with more memory than actually used and this extra 
memory is wasted. Alternatively, address compression logic 
may be employed to translate the row/column format into a con- 
tinuous address block. 


The user selects whichever mode is best for the given appli- 
cation. The trade-offs between the modes are software versus 
hardware. Straight-binary mode minimizes hardware require- 
ments and row/column minimizes software requirements. 


= 34 


TOTAL 


STRAIGHT BINARY ADDRESSING SEQUENCE 


| TOTAL. = 90 


DISPLAY = 80 — 


COLUMN ADDRESS {МАО-МА?, — — —3]3 
0 1 2 77 78 79 | 80 81 


= 


5633 


TDTAL = 34 — ———3. 


= DISPLAY = 24 XE 


ROW ADDRESS (МАВ-МА13) 


| | Т 
5210|5711|67721|5713|-- 


596615967 [5968 


6222 |6223 |6224 
- - [6477 сата 6479 |6460 


6225|--- 
liz 
6481 f- - - 


6145 
6401 


-|---18525[8526|8527 [852818529 |- - -i 


ROW/COLUMN ADDRESSING SEQUENCE 


Figure 7. Display Адсігевв Sequences (with Start Address = 0) for 80 x 24 Example 
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MEMORY CONTENTION SCHEMES FOR 
SHARED MEMORY ADDRESSING 


From the diagram of Figure 5, it is clear that both the R6545-1 
and the system CPU must address the video display memory. 
The R6545-1 repetitively fetches character information to gen- 
erate the video signals in order to keep the screen display 
active. The CPU occasionally accesses the memory to change 
the displayed information or to read out current data characters. 
Three ways of resolving this dual-contention requirement аге 
apparent: 


e CPU Priority 


In this technique, the address lines to the video display 
memory are normally driven by the R6545-1 unless the CPU 
needs access, in which case the CPU addresses immediately 
override those from the R6545-1 giving the CPU immediate 
access. 


e 91/Ф2 Memory interleaving 


This method permits both the R6545-1 and the CPU access 
to the video display memory by time-sharing via the system 
$1 апа 92 clocks. During the #1 portion of each cycle (the 
time when $2 is low), the R6545-1 address outputs are gated 
to the video display memory. In the $2 time, the CPU address 
lines are switched in. In this way, both the R6545-1 and the 
CPU have unimpeded access to the memory. Figure 8 illus- 
trates the timings. 


CPU CYCLE CPU CYCLE 


$2 
CLOCK 


VIDEO 


DISPLAY R65a5-1 CPU R6545-1 
MEMDRY MAO-MA13 ADDRESS MAG-MA13 
ADDRESSES 


Figure 8. ¢1/¢2 interleaving 


e Vertical Blanking 


With this approach, the address circuitry is identical to the 
case for CPU Priority updates. The only difference is that the 
Vertical Retrace status bit (bit 5 of the Status Register) is 
used by the CPU so that access to the video display memory 
is only made during vertical blanking time (when bit 5 is a 1). 
In this way, no visible screen perturbations result. See Figure 
10 for details. 
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TRANSPARENT MEMORY ADDRESSING 


In this mode of operation, the video display memory address 
lines are not switched by contention circuits, but are generated 
by the R6545-1. in effect, the contention is handled by the 
R6545-1. As a result, the schemes for accomplishing CPU 
memory access are different: 


e 91/92 interleaving 


This mode is similar to the Interleave mode used with shared 
memory. In this case, however, the $2 address is generated 
from the Update Address Register (R18 and R19) in the 
R6545-1. Thus, the CPU must first load the address to be 
accessed into R18/R19 and then this address is always gated 
onto the MA lines during 42. Figure 9 shows the timing. 


ы----- CPU CYCLE CPU CYCLE 


$2 
CLOCK 


DISPLAY UPDATE DISPLAY UPDATE 
MAC-MA13 ADDR ADDR ADDR ADDR 


Figure 9. 91/92 Transparent Interleaving 


e Horizontal/Vertical Blanking 


In this mode, the CPU loads the Update Address, but is only 
gated onto the MA lines during horizontal or vertical blank 
times, so memory accesses do not interfere with the display 
appearance. To signai when the update address is on the MA 
lines, an update strobe (STB) is provided as an alternate 
function of pin 34. Data hold latches are necessary to tem- 
porarily retain the character to be stored until the retrace time 
occurs. In this way, the system CPU is not halted waiting for 
the blanking time to arrive. Figure 11 illustrates the address 
and strobe timing for this mode. 


CURSOR AND DISPLAY ENABLE SKEW CONTROL 


Bits 4 and 5 of the Mode Control register (R8) are used to delay 
the Display Enable and Cursor outputs, respectively. Figure 12 
illustrates the effect of the delays. 
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FRAME 


VERTICAL DISPLAYED FRAME 


VERTICAL. 
| 
BLANKING 


DISPLAY | i 
ENABLE | ) 


І 1 І 

| 1 i | 

І 1 1 і 

VERTICAL р | | І 
. і t ! 

1 І t 1 


BLANKING 
STATUS 
BIT 
(STATUS | "0" = DISPLAY АСТМЕ | | 
REGISTER \ — 
BIT 5) | "4" = VERTICAL 
SWITCHES STATE AT BLANKING 
END OF LAST DISPLAYED ACTIVE 


SCAN LINE. 


Figure 10. Operation of Vertical Blanking Status Big 
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771 


DISPLAY р HORIZONTAL/VERTICAL BLANKING 


| 
DISPLAY \ 
ENABLE | NON-DISPLAY 
CRT DISPLAY 
ADDRESSES | CRT DISPLAY ADDRESSES 
aL ST 
pee 
MAO- y UPDATE 
5 ООСС XR XC C 
i 
| 


| 


УРЗТВ | | | 


Figure 11. Вегасе Update Timing 


CURSOR ~ р | 


(WITH DELAY) | | 


[um i 
[ 
D 


DISPLAY (NO DELAY) | 


ENABLE | 
POSITIVE 
EDGE 
(WITH DELAY) 
L 
(NO DELAY) 
DISPLAY 
ENABLE | 
NEGATIVE 
EDGE (WITH DELAY) | 
L 


Figure 12. Cursor and Display Enable Skew 


2-111 


А6545-1 


CRT Controller (CRTC) 


WRITE TIMING CHARACTERISTICS (Vec = 5.0V + 5%, T4 = T, to Ty, unless otherwise noted) 


R6545-1 R6545A-1 

Symbol Characteristic Min. Max. Min. | Мах. Unit 
tove Cycle Time | 10 - 05 — us 
te $2 Pulse Width 440 — 200 | - ns 
tacw Address Set-Up Time 180 — 90 7 — ns 
САН Address Hold Time 0 — 0 | -- | ns 
twcw R/W Set-Up Time 180 — 90 — ns 
town R/W Hold Time 0 - o [| — ns 
tocw Data Bus Set-Up Time 265 — 100 | — | ns 
{ни Data Виз Hold Time 10 — 10 т^ п5 


(tg and te = 10 to 30 ns) 


READ TIMING CHARACTERISTICS (Vec = 5.0V = 5%, ТА = T, to Ty, unless otherwise noted) 


R6545A-1 


R6545-1 1 
Зутро! Characteristic Min. Max. Min [ Мах Unit 
{сүс Сусіе Тіте | 1.0 -- 0.5 — us 
te 92 Pulse Width 440 - 200 | — ns 
tacr Address Set-Up Time 180 — 90 | - ns | 
tcar Address Hold Time 0 — 0 | — ns 
twer R/W Set-Up Time 180 — 90 | — ns | 
tcn Read Access Time (Valid Data) - 340 - Г 150 ns 
tur Read Hold Time | 10 — 10 Г -- ns | 
Тера Data Bus Active Time (invalid Data) 40 — 40 | - ns 


(в and tr = 10 to 30 ns) 


WRITE TIMING WAVEFORMS 


- {сүс - 
~ te — 


$2 
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VEFORMS 
і-- (үс - 
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MEMORY AND VIDEO INTERFACE CHARACTERISTICS 


(Усс = 5.0V + 5%, T4 = T, to Ty, unless otherwise noted) 
R6545-1 is i R6545A-1 
Characteristic Min. Г Мах. " 
Character Clock Cycle Time 0.40 — 
Character Clock Pulse Width 200 
МАО-МА13 Propagation Delay — 
RAO-RA4 Propagation Delay - Ш 
DISPLAY ENABLE Propagation Delay - 


HSYNC Propagation Delay — 
VSYNC Propagation Delay — 


CURSOR Propagation Delay — 
MAO-MA13 Switching Delay = 


= 20 ns (max). 


(ХИ мар 
(ХА ВАО 


tg te 


TRANSPARENT ADDRESSING 
WAVEFORMS ($1/ф2 INTERLEAVING) 


CCLK 


OUTPUTS 
(SEE TABLE) 


LIGHT PEN STROBE TIMING CHARACTERISTICS 


R6545-1 R6545A-1 
Characteristic Min. Max. Min. Unit 
LPEN Hoid Time 150 — 150 ns 
LPEN Setup Time 20 — 20 ns 
CCLK to LPEN Delay 0 — 0 ns 
Note: 


tg te = 20 ns (max) 


LIGHT PEN STROBE TIMING WAVEFORMS 


МАО-МА1З 


NOTE: “Sate” time position for LPEN positive edge to cause 
address n+2 to load into Light Pen Register. 
{ра and t, p, are time positions causing uncertain results. 


2-113 


R6545-1 


ABSOLUTE MAXIMUM RATINGS* 


Rating Symbol Value Unit 
Supply Voltage Vec —0.3 to +7.0 | Мас 
Input Voltage Vin —0.3 to +7.0 | Мас 
Operating Temperature Range Ta °С 
Commercial 0 to +70 
Industrial 1 —40 to +85 
Storage Temperature Тете —55 to +150 | °С 


ОС CHARACTERISTICS 


CRT Controller (CRTC) 


“NOTE: Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


(Voc = 5.0У + 5%, Ta = T, to Ty, unless otherwise noted) 


= Characteristic Symbol Min _| Мах Unit 
Input High Voltage Т Мин 2.4 Voc Мас 
N Input Low Voltage | Vir -0.3 0.4 Мас 
Input Leakage (02, R/W, RES, CS, RS, LPEN, CCLK) lin | — 2.5 иАдс 
Three-State Input Leakage (00-07) 
| (Vin = 9.410 2.4У) а = +10.0 p Adc 
Output High Voltage СА 
одр = 205 иАас (00-07) Vou 2.4 - Мас 
lipap = 100 “Аас (all others) 
| у 4 | -- 5 4 
Output Low Voltage 
| одр = 1.6 тАдс | | Мо. m — [ 0.4 | Мас 
|-- Power Dissipation Pp — | 900 mw 
. 4 a 
Input Capacitance | 10.0 рЕ 
йо, ВАМ, RES, CS, RS, LPEN, CCLK Cin — 12.5 pF 
00-07 = 
f Output Capacitance | Cour — 10.0 pF 


Усс 
2.4КО 
А 
R = 11КО FOR 00-07 


= 24КО FOR ALL OTHER OUTPUTS 
С = 130 pF TOTAL FOR 00-07 
=: 30 pF ALL OTHER OUTPUTS 


TEST LOAD 


Н6545-1 PIN ] 
И! 
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PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP 


MILLIMETERS | INCHES 
ом | MIN | MAX | MIN | MAX 
A |5029 |s156 | 1980 | 2030 | 
B |1473 | 15.49 | 0.580 | 0.610 
с | v78 | 305 | 0.070 | 0.120 
D | 038 | 058 | 0.015 | 0.023 
Е | 1.02 a 0.065 
с | 229 | 280 | 0.090 [0110 
J | 020 | 0:38 | 0.008 | 0015 
Гк | зла | 381 | 0.125 | 0150 
L |1499 [16.51 | 0.590 | 0.650 
м | о ЕСЕ | o | 10 
Гм | ose | 178 | 0.020 | 0.070 


40-PIN PLASTIC DIP 


MILLIMETERS INCHES 
DIM| MIN | MAX | MIN | мах | 
5128 | 232 2040 [2060 
0.540 | 0.560 
3.55 508 | 0140 0.200 
0.36 | 0.51 | 0.014 | 0.020 
1.02 | 1 se 9.040 | 0.060 
2.54 8SC 0100 BSC 
165 | 2.16 | 0.065 | 0.085 
0.30 | 0.008 | 0.012 
305 | 356 | 0.120 [0.140 
15.24 BSC 0.600 BSC 
T vlr 10° 
0.51 | 1.02 | 0020 | 0040 


o[o|» 
| — 
5 

ч 

N 

Tas 

Н 

ы 

S 


Еле то мо 
о 
Юю 
З 
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R6551 
ASYNCHRONOUS COMMUNICATIONS 
INTERFACE ADAPTER (ACIA) 


DESCRIPTION FEATURES 


The Rockwell R6551 Asynchronous Communications Interface 


• Compatible with 8-bit microprocessors 

Adapter (ACIA) provides an easily implemented, program con- ® Full duplex operation with buffered receiver and transmitter 
tote пене beeen St meroproressor based деле аа ааупојит control functions 

| : e Internal baud rate generator with 15 programmable baud 
The ACIA has an internal baud rate generator. This feature elim- rates (50 to 19,200) | 
inates the need for multiple component support circuits, а crystal e Program-selectable internally or externally controlled receiver 
being the only other part required. The Transmitter baud rate rate 
can be selected under program control to be either 1 of 15 dif- e Programmable word lengths, number of stop bits, and parity 


ferent rates from 50 to 19,200 baud, or at 1/16 times an external bit generation and detection 
clock rate. The Receiver baud rate may be selected under pro- 


e Programmable interrupt control 
1 соло с 2% oe 15 5” rate, ог at | us e Program reset 
e external clock rate. The as programmable wor тері ial 
lengths of 5, 6, 7, or 8 bits; even, odd, or no рату; 1, 17, or : Рон ақа алды 
2 stop bits. • Two chip selects 
e 2 or 1 MHz operation 
The ACIA is designed for maximum programmed contro! from ® 5.0 Мас + 5% supply requirernents 
the microprocessor (MPU), to simplify hardware implementa- e 28-pin plastic or ceramic DIP 
eee epee oe PRU Ше о easily е e Full TTL compatibility 
о : | | Р 
и ее ge е Не ata checking Palame}ers e Compatible with R6500, R6500/ and R65CO0 micro- 
3 processors 
The Command Register controls parity, receiver echo mode, 
transmitter interrupt control, the state of the RTS line, receiver " 
interrupt control, and the state of the DTR line. 
The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. 
——— L—— E 
The Status Register indicates the states of the IRQ, DSR, and ke 1 
DCD lines, Transmitter and Receiver Data Registers, and cso 2 
Overrun, Framing, and Parity Error conditions. С51 3 
RES 4 
The Transmitter and Receiver Data Registers are used for tem- Вхс 5 
porary data storage by the АСТА Transmit and Receiver circuits. XTLI 6 
XTLO 7 
RTS 8 
ORDERING INFORMATION ers 9 
- TxD 
Part No.: R6551 DTR 
L Temperature Range (T, to Ty): 
Blank = 0°C to +70°С RxD 
E = —40°C to +85°C RSO 
RS1 
Frequency Range: 
1-1 MHz 
2 = 2 MHz 
Package: 5 
С = Ceramic Figure 1. R6551 АСТА Pin Configuration 
P = Plastic 


Document No. 29651N90 Product Description Order No. 284 
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LOGIC 
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TIMING 
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RES 


осш Papo с»гот-2>- 


TRANSMIT 
DATA 
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REGISTER 


CONTROL 
REGISTER 
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REGISTER 


RECEIVE 
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REGISTER 
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CONTROL 
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SHIFT 
REGISTER 


BAUD 
RATE 
GENERATOR 


TxD 


RECEIVE 
SHIFT 
REGISTER 


RECEIVE 
CONTROL 


Figure 2. ACIA Interna! Organization 


FUNCTIONAL DESCRIPTION 


A block diagram of the ACIA is presented in Figure 2 followed 
by a description of each functional element of the device. 


DATA BUS BUFFERS 


The Data Bus Buffer interfaces the system data lines to the 
internal data bus, The Data Bus Buffer is bi-directional. When 
the R/W line is high and the chip is selected, the Data Bus Buffer 
passes the data from the system data lines to the ACIA internal 
data bus. When the R/W line is low and the chip is selected, the 
Data Bus Buffer writes the data from the internal data bus to the 
system data bus. 


INTERRUPT LOGIC 


The Interrupt Logic will cause the IRQ line to the microprocessor 
to go low when conditions are met that require the attention of 
the microprocessor. The conditions which can cause an inter- 
rupt will set bit 7 and the appropriate bit of bits 3 through 6 in 
the Status Register, if enabled. Bits 5 and 6 correspond to the 
Data Carrier Detect (DCD) logic and the Data Set Ready (DSR) 
logic. Bits 3 and 4 correspond to the Receiver Data Register full 
and the Transmitter Data Register empty conditions. These con- 
ditions can cause an interrupt request if enabled by the Com- 
mand Register. 


ЏО CONTROL 


The /О Control Logic controls the selection of internal registers 
in preparation for a data transfer on the internal data bus and 
the direction of the transfer to or from the register. 


The registers are selected by the Receiver Select (А51, В$0) 
and Read/Write (R/W) lines as described later in Table 1. 
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TIMING AND CONTROL 


The Timing and Control lagic controls the timing of data trans- 
fers on the internal data bus and the registers, the Data Bus 
Buffer, and the microprocessor data bus, and the hardware 
reset features. 


Timing is controlled by the system #2 clock input. The chip will 
perform data transfers to or from the microcomputer data bus 
during the 22 high period when selected. 


All registers will be initialized by the Timing and Control Logic 
when the Reset (RES) line goes low. See the individual register 
description for the state of the registers following a hardware 
reset. 


TRANSMITTER AND RECEIVER DATA REGISTERS 


These registers are used as temporary data storage for the 
ACIA Transmit and Receive Circuits. Both the Transmitter and 
Receiver are selected by a Register Select 0 (RSO) and Register 
Select 1 (RS1) low condition. The Read/Write (R/W) line deter- 
mines which actually uses the internal data bus; the Transmitter 
Data Register is write only and the Receiver Data Register is 
read only. 


Bit 0 is the first bit to be transmitted from the Transmitter Data 
Register (least significant bit first). The higher order bits follow 
in order. Unused bits in this register are "don't care". 


The Receiver Data Register holds the first received data bit in 
bit O (least significant bit first). Unused high-order bits are “0”. 
Parity bits are not contained in the Receiver Data Register. They 
are stripped off after being used for parity checking. 


R6551 


STATUS REGISTER 


The Status Register indicates the state of interrupt conditions 
and other non-interrupt status lines. The interrupt conditions are 
the Data Set Ready, Data Carrier Detect, Transmitter Data Reg- 
ister Empty and Receiver Data Register Full as reported in bits 
6 through 3, respectively. If any of these bits are set, the Inter- 
rupt (IRQ) indicator (bit 7) is also set. Overrun, Framing Error, 
and Parity Error are also reported (bits 2 through 0 respectively). 


7 6 5 4 3 2 1 0 
| о |288 |565 [rone [none ovan = [и] 
Bit 7 Interrupt (IRQ) 
0 No interrupt 
1 interrupt has occurred 


Bit 6 Data Set Ready (DSR) 


0 DSR low (ready) 
1 DSR high (not ready) 
Bit 5 Data Carrier Detect (DCD) 
0 DCD iow (detected) 
1 DCD high (not detected) 
Bit 4 Transmitter Data Register Empty 
0 Not empty 
1 Empty 
Bit 3 Receiver Data Register Full 
Not fuil 
1 Full 


Bit 2 Overrun* 


No overrun 
1 Overrun has occurred 
Bit 1 Framing Error* 
0 No framing error 
1 Framing error detected 


Bit 0 Parity Error* 
No parity error 
1 Parity error detected 
“Мо interrupt occurs for these conditions 


Reset Initialization 


0 


7654321 
0 |-|-| 1|0 а 0 | Hardware reset 
‚ЕЕ Program reset 
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Parity Error (Bit 0), Framing Error (Bit 1), and 
Overrun (2) 


None of these bits causes а processor interrupt to occur, but 
they are normally checked at the time the Receiver Data Reg- 
ister is read so that the validity of the data can be verified. These 
bits are self clearing (i.e., they are automatically cleared after 
a read of the Receiver Data Register). 


Receiver Data Register Full (Bit 3) 


This bit goes to a 1 when the ACIA transfers data from the 
Receiver Shift Register to the Receiver Data Register, and goes 
to а 0 (is cleared) when the processor reads the Receiver Data 
Register. 


Transmitter Data Register Empty (Eit 4) 


This bit goes to a 1 when the ACIA transfers data from the 
Transmitter Data Register to the Transmitter Shift Register, and 
goes to a 0 (is cleared) when the processor writes new data 
onto the Transmitter Data Register. 


Data Carrier Detect (Bit 5) and Data Set Ready 
(Bit 6) 


These bits reflect the levels of the DCD and DSR inputs to the 
ACIA. AO indicates a low level (true condition) and a 1 indicates 
a high level (false). Whenever either of these inputs change 
state, an immediate processor interrupt (ІНО) occurs, unless bit 
1 of the Command Register (ІН) is set to a 1 to disable IRQ. 
When the interrupt occurs, the status bits indicate the levels of 
the inputs immediately after the change of state occurred. Sub- 
sequent level changes will not affect the status bits until the 
Status Register is interrogated by the ргссеззог. At that time, 
another interrupt will immediately occur and the status bits 
reflect the new input levels. These bits are not automatically 
cleared (or reset) by an internal operation. 


Interrupt (Bit 7) 


This bit goes to a 1 whenever an Interrupt condition occurs and 
goes to a 0 (is cleared) when the Status Flegister is read. 
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CONTROL REGISTER 


The Control Register selects the desired baud rate, frequency 
source, word length, and the number of stop bits. 


7 


6 5 4 3 2 1 0 


м | 
a | aa ag 


Bit 7 Stop Bit Number (SBN) 
0 1 Stop bit 
1 2 Stop bits 
1 1% Stop bits 


For WL = 5 and no parity 
1 1 Stop bit 
For WL = 8 and parity 


Bits 6-5 Мога Length (WL) 
6 5 Мо. Bits 

оо 8 

0 1 7 

1 0 6 

1 1 5 

Bit 4 Receiver Clock Source (RCS) 

0 External receiver clock 
1 Baud rate 

Bits 3-0 Selected Baud Rate (SBR) 
3 2 1 0 Baud 

0 0 0 0 16x External Clock 
0 0 0 1 50 

0 0 1 0 75 

0 0 1 1 109.92 

0 1 0 0 134.58 

0 1 0 1 150 

0 1 1 0 300 

0 1 1 1 600 

1 0 0 0 1200 

1 0 0 1 1800 

1 0 1 0 2400 

1 0 1 1 3600 

1 1 0 0 4800 

1 1 0 1 7200 

1 1 1 0 9600 

1 1 1 1 19,200 


Reset Initialization 
76543210 


Го [о [ото [о [о [0 [0) Hardware reset (RES) 
|- | - - - | - | - | - [| -] Program reset 
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Selected Baud Rate (Bits 0, 1, 2, 3) 


These bits select the Transmitter baud rate, which can be at 
1/16 an external clock rate or one of 15 other rates controlled by 
the internal baud rate generator. 


If the Receiver clock uses the same baud rate as the transmitter, 
then RxC becomes an output and can be used to slave other 
circuits to the ACIA. Figure 3 shows the Transmitter and Receiver 
layout. 


--1 
RECEIVER 
SHIFT REGISTER RxD 
LOCK И 
SYNC 
Dig) DER LOGIC 
RxC 
CONTROL 
REGISTER 
BIT 4 
XTLI BAUD RATE DER 
РА GENERATOR (16 
BITS 0-3 IN TRANSMITTER 
CONTROL TaD 
REGISTER SHIFT REGISTER 


Figure 3. Transmitter/Receiver Clock Circuits 


Receiver Clock Source (Bit 4) 


This bit controls the clock source to the Receiver. A 0 causes 
the Receiver to operate at a baud rate of '/16 an external clock. 
A 1 causes the Receiver to operate at the same baud rate as 
is selected for the transmitter. 


Word Length (Bits 5, 6) 


These bits determine the word length to be used (5, 6, 7 or 8 
bits). 


Stop Bit Number (Bit 7) 


This bit determines the number of stop bits used. A 0 always 
indicates one stop bit. A 1 indicates 1% stop bits if the word 
length is 5 with no parity selected, 1 stop bit if the word length 
is 8 with parity selected, or 2 stop bits in all other configurations. 
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COMMAND REGISTER 


The Command Register controls specific modes and functions. 


TIC 
Lm PEE 


Bits 7-6 Parity Mode Control (PMC) 
Odd parity transmitted/received 
Even parity transmitted/received 
Mark parity bit transmitted 
Parity check disabled 

Space parity bit transmitted 
Parity check disabled 


6 
0 
1 
0 


Parity Mode Enabled (PME) 
0 Parity mode disabled 

No parity bit generated 
Parity check disabled 


1 Parity mode enabled 
Bit 4 Receiver Echo Mode (REM) 
0 Receiver normal mode 
1 Receiver echo mode bits 2 and 3 
Must be zero for receiver echo mode, RTS will 
be low. 
Bits 3-2 Transmitter Interrupt Control (TIC) 
3 2 
0 о RTS = High, transmit interrupt disabled 
0 1 RTS - Low, transmit interrupt enabled 
1 0 RTS - Low, transmit interrupt disabled 
1 1 RTS - Low, transmit interrupt disabled 
transmit break on TxD 
Bit 1 Interrupt Request Disabled (IFD) 
IRQ enabled 
1 IRQ disabled 
Bit 0 Data Terminal Ready (DTR) 
0 Data terminal not ready (DTR high) 
1 Data terminal ready (DTR low) 


Reset Initialization 
76543210 


010 01010101010 Hardware reset (RES) 
ті-І-10|0|910|0) Program reset 
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Data Termina! Ready (Bit 0) 


This bit enables all selected interrupts and controls the state of 
the Data Terminal Ready (DTR) line. A 0 indicates the micro- 
computer systern is not ready by setting the DTR line high. A 
1 indicates the microcomputer system is ready by setting the 
DTR line low. 


Receiver Interrupt Control (Bit 1) 


This bit disables the Receiver from generating an interrupt when 
set to a 1. The Receiver interrupt is enabled when this bit is set 
to a 0 and Bit О is set to a 1, 


Transmitter Interrupt Control (Bits 2, 3) 


These bits control the state of the Ready to Send (RTS) line and 
the Transmitter interrupt. 


Receiver Echo Mode (Bit 4) 


А 1 enables the Receiver Echo Mode and a 0 enables the 
Receiver Echo Mode. When bit 4 is a 1, bts 2 and 3 must be 
0. In the Receiver Echo Mode, the Transmitter returns each 
transmission received by the Receiver delayed by one-half bit 
time. 


Parity Mode Enable (Bit 5) 


This bit enables parity bit generation and chacking. A 0 disables 
parity bit generation by the Transmitter ancl parity bit checking 
by the Receiver. A 1 bit enables generation and checking of 
parity bits. 


Parity Mode Control (Bits 6, 7) 


These bits determine the type of parity generated by the Trans- 
mitter, (even, odd, mark or space) and the type of parity check 
done by the Receiver (even, odd, or no check). 


А6551 
INTERFACE SIGNALS 


Figure 4 shows the ACIA interface signals associated with the 
microprocessor and the modem. 
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Figure 4. ACIA Interface Diagram 


MICROPROCESSOR INTERFACE 
Reset (RES) 


During system initialization a low on the RES input causes a 
hardware reset to occur. Upon reset, the Command Register 
and the Control Register are cleared (all bits set to 0). The 
Status Register is cleared with the exception of the indications 
of Data Set Ready and Data Carrier Detect, which are externally 
controlled by the DSR and DCD lines, and the transmitter Empty 
bit, which is set. RES must be held low for one £2 clock cycle 
for a reset to occur. 


Input Clock (£2) 


The input clock is the system £2 clock and clocks all data trans- 
fers between the system microprocessor and the ACIA. 


Read/Write (R/W) 


The R/W input, generated by the microprocessor controls the 
direction of data transfers. A high on the R/W pin allows the 
processor to read the data supplied by the ACIA, a low allows 
a write to the ACIA. 
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Interrupt Request (АО) 


The ГАО pin is an interrupt output from the interrupt control logic. 
К is an open drain output, permitting several devices to be con- 
nected to the common а microprocessor input. Normally a 
high level, IRQ goes low when an interrupt occurs. 


Data Bus (00-07) 


The eight data line (DO-D7) pins transfer data between the pro- 
cessor and the ACIA. These lines are bi-directional and are nor- 
mally high-impedance except during Read cycles when the 
ACIA is selected. 


Chip Selects (CS0, 651) 


The two chip select inputs are normally connected to the pro- 
cessor address lines either directly or through decoders. The 
АСА is selected when CS0 is high and CS1 is low. When the 
ACIA is selected, the internal registers are addressed in accor- 
dance with the register select lines (RSO, RS1). 


Register Selects (RSO, А51) 


The two register select lines are normally connected to the pro- 
cessor address lines to allow the processor to select the various 
ACIA internal registers. Table 1 shows the internal register 
select coding. 


Table 1. АСТА Register Selection 
LP Register Operation 
| _ 951 250 ВМ = Low RW = High 
L L Write Transmit Data Read Receiver 
Register Data Register 


Programmed Reset Read Status 


(Data is "Don't Register 
Care") 
H Write Command Read Command 
Register Register 
L- 
H Write Control Read Contro! 
Register Register 


Only the Command and Control registers can both be read and 
written. The programmed Reset operation does not cause any 
data transfer, but is used to clear bits 4 through 0 in the Com- 
mand register and bit 2 in the Status Register. The Control Reg- 
ister is unchanged by a programmed Reset. It should be noted 
that the programmed Reset is slightly different from the hard- 
ware Reset (RES); refer to the register description. 
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ACIA/MODEM INTERFACE 


Crystal Pins (XTLI, XTLO) 


These pins are normally directly connected to the external 
crystal (1.8432 MHz) to derive the various baud rates. Alter- 
natively, an externally generated clock can drive the XTLI pin, 
in which case the XTLO pin must float. XTL! is the input pin for 
the transmit clock. 


Transmit Data (TxD) 


The TxD output line transfers serial nonreturn-to-zero (NRZ) 
data to the modem. The least significant bit (LSB) of the Transmit 
Data Register is the first data bit transmitted and the rate of data 
transmission is determined by the baud rate selected or under 
control of an external clock. This selection is made by program- 
ming the Control Register. 


Receive Data (RxD) 


The RxD input line transfers serial NRZ data into the ACIA from 
the modem, LSB first. The receiver data rate is either the pro- 
grammed baud rate or under the control of an externally gen- 
erated receiver clock. The selection is made by programming 
the Control Register. 


Receive Clock (RxC) 


The RxC is a bi-directional pin which is either the receiver 16x 
clock input or the receiver 16x clock output. The latter mode 
results if the internal baud rate generator is selected for receiver 
data clocking. 


Request to Send (RTS) 


The RTS output pin controls the modem from the processor. 
The state of the RTS pin is determined by the contents of the 
Command Register. 


Clear to Send (CTS) 


The CTS input pin controls the transmitter operation. The enable 
state is with CTS low. The transmitter is automatically disabled 
if CTS is high. 


Data Terminal Ready (DTR) 


This output pin indicates the status of the ACIA to the modem. 
A low on DTR indicates the ACIA is enabled, a high indicates 
it is disabled. The processor controls this pin via bit O of the 
Command Register. 


Data Set Ready (DSR) 


The DSR input pin indicates to the ACIA the status of the 
modem. А low indicates the "ready" state and a high, "not- 
ready." 


Data Carrier Detect (DCD) 


The DCD input pin indicates to the ACIA the status of the carrier- 
detect output of the modem. A low indicates that the modem 
carrier signal is present and a high, that it is not. 


TRANSMITTER AND RECEIVIER 
OPERATION 


Continuous Data Transmit 


In the normal operating mode, the interrupt request output (IRQ) 
signais when the ACIA is ready to accept the next data word to 
be transmitted. This interrupt occurs at the beginning of the Start 
Bit. When the processor reads the Status Register of the ACIA, 
the interrupt is cleared. 


The processor must then identify that the Transmit Data Reg- 
ister is ready to be loaded and must then load it with the next 
data word. This must occur before the end of the Stop Bit, other- 
wise a continuous "MARK" will be transrritted. Figure 5 shows 
the continuous Data Transmit timing relationship. 
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Figure 5. Continuous Data Transmit. 
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Continuous Data Receive 


Similar to the Continuous Data Transmit case, the normal 
operation of this mode is to assert IRQ when the ACIA has 
received a full data word. This occurs at about 9/16 point through 
the Stop Bit. The processor must read the Status Register and 


read the data word before the next interrupt, otherwise the 
Overrun condition occurs, Figure 6 shows the continuous Data 
Receive Timing Relationship. 
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Figure 6. Continuous Data Receive 


Transmit Data Register Not Loaded by Processor 


If the processor is unable to load the Transmit Data Register in 
the allocated time, then the TxD line goes to the “MARK” con- 
dition until the data is loaded. IRQ interrupts continue to occur 
at the same rate as previously, except no data is transmitted. 


When the processor finally loads new data, a Start Bit imme- 
diately occurs, the data word transmission is started, and another 
interrupt is initiated, signaling for the next data word. Figure 7 
shows the timing relationship for this mode of operation. 
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Figure 7. 
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Effect of CTS on Transmitter 


CTS is the Clear-to-Send signal generated by the modem. It is 
normaily low (true state) but may go high in the event of some 
modem problems. When this occurs, the TxD line goes to the 
"MARK" condition after the entire last character (including parity 


indicates that the Transmitter Data Register is not empty and 
ТАС is not asserted. CTS is a transmit control line only, and has 
no effect on the ACIA Receiver Operation. Figure 8 shows the 
timing relationship for this mode of operation. 
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Figure 8. Effect of CTS on Transmitter 


Effect of Overrun on Receiver 


lf the processor does not read the Receiver data Register in the 
allocated time, then, when the following interrupt occurs, the 
new data word is not transferred to the Receiver Data Register, 


but the Overrun status bit is set. Thus, the Data Register will 
contain the last valid data word received and all following data 
is lost. Figure 9 shows the timing relationship for this mode. 
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Figure 9. Effect of Overrun on Receiver 


2-124 


R6551 Asynchronous Communications Interface Adapter (ACIA) 


Echo Mode Timing 


In Echo Mode, the TxD line re-transmits the data on the RxD 
line, delayed by 72 of the bit time, as shown in Figure 10. 
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Figure 10. Echo Mode Timing 


Effect of CTS on Echo Mode Operation 


In Echo Mode, the Receiver operation is unaffected by CTS, the Receiver Data Register is full in response to an IRQ, so the 
however, the Transmitter is affected when CTS goes high, i.e., processor has no way of knowing that the Transmitter has 
the TxD line immediately goes to a continuous "MARK" con- ceased to echo. See Figure 11 for the timing relationship of this 
dition. In this case, however, the Status Request indicates that mode. 
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Figure 11. Effect of CTS on Echo Mode 
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Overrun in Echo Mode 


lf Overrun occurs in Echo Mode, the Receiver is affected the 
same way as a normal overrun in Receive Mode. For the re- 
transmitted data, when overrun occurs, the TxD line goes to the 
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"MARK" condition until the first Start Bit alter the Receiver Data 
Register is read by the processor. Figure 12 shows the timing 
relationship for this mode. 
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Figure 12. Overrun in Echo Mode 


Framing Error 


Framing Error is caused by the absence of Stop Bit(s) on 
received data. A Framing Error is indicated by the setting of bit 
4 in the Status Register at the same time the Receiver Data 
Register Full bit is set, also in the Status Register. In response 
to IRQ, generated by RDRF, the Status Register can also. be 


checked for the Framing Error. Subsequent data words are 
tested for Framing Error separately, so the status bit will always 
reflect the last data word received. See Figure 13 for Framing 
Error timing relationship. 
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Effect of DCD on Receiver 


DCD is a modem output indicating the status of the carrier-fre- 
quency-detection circuit of the modem. This line goes high for 
a loss of carrier. Normally, when this occurs, the modem will 
stop transmitting data some time later. The ACIA asserts IRQ 
whenever DCD changes state and indicates this condition via 
bit 5 in the Status Register. 
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Once such a change of state occurs, subsequent transitions will 
not cause interrupts or changes in the Status Register until the 
first interrupt is serviced. When the Status Register is read by 
the processor, the ACIA automatically checks the level of the 
DCD line, and if it has changed, another IRQ occurs (see Figure 
14). 
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Figure 14. Effect of DCD on Receiver 


Timing with 172 Stop Bits 


It is possible to select 17 Stop Bits, but this occurs only for 
5-bit data words with no parity bit. In this case, the IRQ asserted 
for Receiver Data Register Full occurs halfway through the 


trailing half-Stop Bit. Figure 15 shows the timing relationship for 
this mode. 
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Figure 15. Timing with 172 Stop Bits 
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Transmit Continuous “BREAK” 


This mode is selected via the ACIA Command Register and Note 
causes the Transmitter to send continuous “BREAK” charac- 
ters, beginning with the next character transmitted. At least one 
full "BREAK" character will be transmitted, even if the processor 
quickly re-programs the Command Register transmit mode. 
Later, when the Command Register is programmed back to 
normal transmit mode, an immediate Stop Bit will be generated 
and transmission will resume. Figure 16 shows the timing rela- 
tionship for this mode. 


If, while operating in the Transmit Continuous "BREAK" 
mode, the CTS should go to a high, the TxD will be 
overridden by the CTS and will go to continuous "MARK" 
atthe beginning of the next character transmitted after the 
CTS goes high. 
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Figure 16. Transmit Continuous "BREAK" 


Receive Continuous “BREAK” 


In the event the modem transmits continuous “BREAK” char- shows the timing relationship for continuous “BREAK” 
acters, the ACIA will terminate receiving. Reception will resume characters. 
only after a Stop Bit is encountered by the ACIA. Figure 17 
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Figure 17. Receive Continuous "BREAK" 
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STATUS REGISTER OPERATION 


Because of the special functions of the various status bits, there 
is a suggested sequence for checking them. When an interrupt 
occurs, the ACIA should be interrogated, as follows: 


1. Read Status Register 


This operation automatically clears Bit 7 (IRQ). Subsequent 
transitions оп DSR and DCD wilt cause another interrupt. 


2. Check ІНО (Bit 7) in the data read from the Status Register 
If not set, the interrupt source is not the ACIA. 

3. Check DCD and DSR 
These must be compared to their previous levels, which must 
have been saved by the processor. If they are both 0 (modem 
"on-line") and they are unchanged then the remaining bits 
must be checked. 

4. Check ВОВЕ (Bit 3) 


Check for Receiver Data Register Full. 


5. Check Parity, Overrun, and Framing Error (Bits 0-2) if the 
Receiver Data Register is full. 


6. Check TDRE (Bit 4) 
Check for Transmitter Data Register Empty. 


7. If none of the above conditions exist, then CTS must have 
gone to the false (high) state. 


PROGRAM RESET OPERATION 


A program reset occurs when the processor performs a write 
operation to the ACIA with RSO low and 851 high. The program 
reset operates somewhat different from the hardware reset 
(RES pin) and is described as follows: 


1. Internal registers are not completely cleared. Check register 
formats for the effect of a program reset on internal registers. 


2. The DTR line goes high immediately. 


3. Receiver and transmitter interrupts are disabled immediately. 
If IRQ is low when the reset occurs, it stays low until ser- 
viced, unless interrupt was caused by DCD or DSR transition. 


4. DCD and DSR interrupts are disabled immediately. If [RQ is 
low and was caused by DCD or DSR, then it goes high, also 
DCD and DSR status bits subsequently will follow the input 
lines, although no interrupt will occur. 


5. Overrun cleared, if set. 
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MISCELLANEOUS 


1. If Echo Mode is selected, RTS goes low. 


2. If Bit 0 of Command Register is 0 (disabled), then: 


а) All interrupts are disabled, including those caused by 
DCD and DSR transitions. 

b) Transmitter is disabled immediately. 

c) Receiver is disabled, but a character currently being 
received will be completed first. 


3. Odd parity occurs when the sum of all the 1 bits in the data 
word (including the parity bit) is odd. 


4. In the receive mode, the received parity bit does not go into 
the Receiver Data Register, but generates parity error or no 
parity error for the Status Register. 


5. Transmitter and Receiver may be in full operation simulta- 
neously. This is “full-duplex” mode. 


6. If the RxD line inadvertently goes low and then high right 
after a Stop Bit, the ACIA does not interpret this as a Start 
Bit, but samples the line again halfway into the bit to deter- 
mine if it is a true Start Bit or a false one. For false Start Bit 
detection, the ACIA does not begin to receive data, instead, 
only a true Start Bit initiates receiver operation. 


7. Precautions to consider with the crystal oscillator circuit: 


a) The external crystal should be a "series" mode crystal. 

b) The XTALI input may be used as an external clock input. 
The unused pin (EXTALO) must be floating and may not 
be used for any other function. 


8. DCD and DSR transitions, although causing immediate pro- 
cessor interrupts, have no affect on transmitter operation. 
Data will continue to be sent, unless the processor forces 
transmitter to turn off. Since these are high-impedance inputs, 
they must not be permitted to float (un-connected). If unused, 
they must be terminated either to GND or Vcc. 


GENERATION OF NON-STANDARD 
BAUD RATES 


Divisors 


The internal counter/divider circuit selects the appropriate divi- 
sor for the crystal frequency by means of bits 0-3 of the ACIA 
Control Register, as shown in Table 2. 


Generating Other Baud Rates 


By using a different crystal, other baud rates may be generated. 
These can be determined by: 
eulos Crystal Frequency 
Divisor 

Furthermore, it is possible to drive the ACIA with an off-chip 
oscillator to achieve other baud rates. In this case, XTALI (pin 
6) must be the clock input and XTALO (pin 7) must be a no- 
connect. 
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Table 2. Divisor Selection 
Control Divisor Selected Baud Rate Generated Baud Rate Generated | 
Register For The With 1.8432 MHz With a Crystal 
Bits Internal Counter Crtstal of Frequency (F) 
3 2 1 | | 
s . 16 х External Clock 16 x Ехета! Clock 
0 0 0 No Divisor Selected at Pin PxC at Pin RxC 
Е 1.8432 х 106 Е 
ооо 36,864 —— = 50 — 
MM 36,864 36,864 — 
1.8432 х 106 F 
0 0 1 24,576 —— = 75 — 
24,576 24,576 | 
1.8432 x 106 F 
0 0 1 16,769 ----------- 109.92 —- 
16,769 15,769 
Г [^ 1.8432 x 108 
0 1 0 13,704 —— [= 134.51 
13,704 
1 1.8432 х 10% 
0 1 [0] 12,288 ----------- 150 —- 
| 12,288 12,288 
Г 1.8432 х 106 Е 
[0] 1 1 6,144 —— -= 300 — 
6,144 6.144 
71 1.8432 х 106 Е 
0 1 1 3,072 —_——— = 600 — 
J 3,072 3,072 
| 1.8432 x 106 Е 
1 оо 1,536 ----------- 1,200 ------- 
1,536 1,536 
| 1.8432 х 108 Е 
1 0 0 1,024 ---“--------- 1,800 —_ 
1,024 1,024 
[ 1.8432 х 106 Е 
1 0 1 768 —— = 2,400 ——— 
768 768 
1.8432 x 108 F 
1 0 1 512 ----------- 3,600 —- 
512 512 
1.8432 x 106 F 
1 1 0 384 ---------- 4,800 — 
| 384 384 
| 1.8432 x 106 F - 
1 1 9 256 ------------ 7,200 -- 
256 256 
| 1.8432 x 108 Е 
1 1 1 192 ———— — ——— = 9,600 ——— 
192 192 
1.8432 x 108 Е 
1 1 1 96 ——_——— = 19,200 — 
96 96 
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DIAGNOSTIC LOOP-BACK 
OPERATING MODES 


A simplified block diagram for a system incorporating an ACIA 
is shown in Figure 18. 


It may be desirable to include in the system a facility for "loop- 
back" testing, of which there are two kinds: 


1. Loca! Loop-Back 


Loop-back from the point of view of the processor. |п this 
case, the Modem and Data Link must be effectively discon- 
nected and the ACIA transmitter connected back to its own 
receiver, so that the processor can perform diagnostic checks 
on the system, excluding the actual data channel. 


2. Remote Loop-Back 


Loop-back from the point of view of the Data Link and 
Modem. In this case, the processor, itself, is disconnected 
and all received data is immediately retransmitted, so the 
system on the other end of the Data Link may operate inde- 
pendent of the local system. 


The AC!A does not contain automatic loop-back operating 
modes, but they may be implemented with the addition of a 
small amount of external circuitry. Figure 19 indicates the nec- 
essary logic to be used with the ACIA. The LLB line is the pos- 
itive-true signal to enable local loop-back operation. Essentially, 
LLB - high does the following: 


1. Disables outputs TxD, DTR, and RTS (to Modem). 
2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 


3. Connects transmitter outputs to respective receiver inputs 
(.e., TxD to RxD, DTR to DCD, RTS to CTS). 


LLB may be tied to a peripheral control pin (from an R6520 or 
R6522, for example) to provide processor contro! of local loop- 
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back operation. In this way, the processor can easily perform 
local loop-back diagnostic testing. 


Remote loop-back does not require this circuitry, so LLB must 
be set low. However, the processor must select the following: 


1. Control Register bit 4 must be 1, so that the transmitter clock 
equals the receiver clock. 


2. Command Register bit 4 must be 1 to select Ecko Mode. 


3. Command Register bits 3 and 2 must be 1 and 0, respec- 
tively to disable IRQ interrupt to transmitter. 


4. Command Register bit 1 must be 0 to disable ІНО interrupt 
for receiver. 


In this way, the system re-transmits received data without any 
effect on the local system. 
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Figure 18. Simplified System Diagram 
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Figure 19. Loop-Back Circuit Schematic 
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READ TIMING DIAGRAM 


су — 
Timing diagrams for transmit with external clock, receive with е teH И 


external clock, and IRQ generation are shown in Figures 20, 21 Е 5 
and 22, respectively. The corresponding timing characteristics CLOCK INPUT} 


are listed in Table 3. 


а teL — 
| CL 
Table 3. ТгапзтИ/Весеме Characteristics Фр ——— 
1 MHz 2 MHz тхр X 
Characteristic _| Symbol Min Min мех ут. NOTE: TxD rate is 1/16 TxC rate 
Transmit/Receive ссу 400* | — S 45% - ns L = - 
lock А А 4 > 
Clock Rale = - Figure 20. Transmit Timing with External Clock 
Transmit/Receive tou 175 - 175 | — ns зі, 
Сюск Ніюһ Тіте i 
i | or. ~feey 7 | 
Transmit/Receive teL | 175 Tics 175 | — ns 
Clock Low Time de. _| 
XTLI to TxD Hl top — 500 - 500 | ns RxC , = 
Propagation Delay | (INPUTI 
== рр У TET 
RTS Propagation toy - 500 -- | 500 | ns | te 
Delay NE: 
22 —+ ы ate 
TAQ Propagation tra | E 500 = 500 | ns NOTE: RxD A is 1/16 RxC rate 
А T Fi 21. Receive Ext 1 Clock Timi 
: ure 21. Receive External Cloci іп 
Load Capacitance 1 С, abr 9 2 ; 9 
DTR, RTS — 130 - 130 | pF 
TxD _| — | 30 um 30 | pF E $2 / \ 
Notes: = 4 - 
(ta, ЈЕ = 10 to 30 ns) у | 
à арку" 
* The baud rate with external clocking is: Baud Rate = --- | 
16 x tecy ————— PEE 
атада 


ва 
(CLEAR) 


Figure 22. Interrupt and Output Timing 
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AC CHARACTERISTICS 


(Мес = 5.0V + 5%, Vss = 0, Ta = T, to Ty, unless otherwise noted) 


1 MHz 2 MHz 
Parameter Min Max Min Max Unit 

Cycle Time Го tw | 10 | 40 0.5 40 AS 

02 Pulse Width tc 400 — 200 — jo ns 

Address Set-Up Time tac 120 — 70 — ns 
im о Е Г 

R/W Set-Up Time ~ two 120 — — 

R/W Hold Time town — — 

Data Bus Set-Up Time — - 

Data Bus Hold Time — — 

Read Access Time (Valid Data) 

Read Hold Time 


Bus Active Time (Invalid Data) 


Notes: 1. Усс = 5.0V +5%. 
2. Ta = T, to Ty. 


3. tg and tg = 10 to 30 ns. 
4. 09-07 load capacitance = 130 pF. 1 


- 


ә. o D 


WRITE TIMING DIAGRAM 


DATA 805 


READ TIMING CHARACTERISTICS 
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ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol | Value Unit “NOTE: Stresses above those listed may cause permanent 
Supply Voltage Voc | —0.3 to +7.0 Мас damage to the device. This is a stress rating only and functional 
| operation of the device at these ог any other conditions above 


Input Voltage Vin | —0.3 to Vec Vdc oar . ; . ; uo" 

- those indicated in other sections of this document is not implied. 
Output Voltage Vout ~0.3 to Vec Мас Exposure to absolute maximum rating coriditions for extended 
Operating Temperature ТА 0 to +70 °С periods may affect device reliability. 
Storage Temperature Тзте —55 to +150 "C 


OPERATING CONDITIONS 


| Parameter Symbol Value 
| Supply Voltage Vec 5V +5% 
Temperature Range Ta 
Commercial 0° to 70°C 
industrial —40?C to +85°С 


DC CHARACTERISTICS 
(Усс = 5.0V = 5%, Vss = 0, ТА = T, to Ty, unless otherwise noted) 
Parameter i Test Conditions 


Input High Voltage 
Except XTLI and XTLO 
XTLI and XTLO 


Input Low Voltage 
Except XTLI and XTLO 
XTLI and XTLO 


Input Leakage Current __ EN 
$2, R/W, RES, CSO, CS1, RSO, RS1, CTS, RxD, DCD, DSR 


Vin = Су to 5.25V 
Voc = 0V 


Input Leakage Current for High Impedance (Three State Off) 
00-07 


Output High Voltage 
00-07, TxD, RxC, RTS, DTR 


Vin = C.4V to 2.4V 
Vee = 5.25\ 


ILoan = ~100 нА 
Voc = 475V 


Output Low Voltage — __ 
00-07, TxD, RxC, RTS, ОТВ, IRQ 


Voc = 4.75V 
одр = 1.6 mA 


Output High Current (Sourcing) 
00-07, TxD, RxC, RTS, ОТВ 


Мон = 2.4V 


Output Low Current (Sinking) _  — 
00-07, TxD, RxC, RTS, DTR, IRQ 


Vor = 0.4V 


Output Leakage Current (off state) 
IRQ 


Vout = 5V 


Clock Capacitance 
(82) 


Input Capacitance 
except 02 


Output Capacitance 


Power Dissipation 
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PACKAGE DIMENSIONS 


28-PIN CERAMIC DIP 28-PIN PLASTIC DIP 


{1.470} 


— Pie 


‚590, 


(700) А 
(045) (о 
(023) 032 REF. (110) — (180) |060) 
(015) (090) — (125) (020) 
(126) (015) 
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DOUBLE-DENSITY FLOPPY DISK 
CONTROLLER (DDFDC) 


R6565 


R6565 


PRELIMINARY 


DESCRIPTION 


The R6565 Double-Density Floppy Disk Controller (DDFDC) 
interfaces up to four floppy disk drives to a 6500/6800 micro- 
processor-based system. The DDFDC simplifies the system 
design by minimizing both the number of external hardware com- 
ponents and software steps needed to implement the floppy disk 
drive (FDD) interface. Control signals supplied by the DDFDC 
reduce the number of components required in external phase 
locked loop and write precompensation circuitry. Memory-mapped 
registers containing commands, status and data simplify the soft- 
ware interface. Built-in functions reduce the software overhead 
needed to control the FDD interface. The DDFDC supports both 
the IBM 3740 Single-Density (FM) and IBM System 34 Double- 
Density (MFM) formats. 


The DDFDC interfaces directly to the 6500/6800 synchronous 
microprocessor bus and operates with 8-bit byte length data trans- 
ferred on the bus. The DDFDC will operate in either ОМА or non- 
DMA mode. In DMA mode, the CPU need only load the command 
into the DDFDC and all data transfers occur under DMA control. 
The R6565 is directly compatible with the MC6844 Direct Memory 
Access Controller (DMAC). In non-DMA mode, the DDFDC gen- 
erates an interrupt to the CPU indicating that a byte of data is 
available. 


Controller commands, command or device status, and data are 
transferred between the DDFDC and the CPU via six internal 
registers. The Main Status Register (MSR) stores the DDFDC 
status information while four additional status registers provide 
result information to the CPU following each controller command. 
The Data Register (DR) stores actual disk data, parameters, con- 
troller commands and FDD status information for use by the CPU. 


The R6565 executes 15 separate multi-byte commands: 


Read Data Specify 

Write Data Format a Track 

Read Deleted Data Scan Equal 

Write Deleted Data Scan High or Equal 
Read a Track Scan Low or Equal 
Read ID Sense Interrupt Status 
Seek Sense Drive Status 
Recalibrate (Restore to Track 0) 


Document No. 29651N42 


FEATURES 


• Address mark detection circuitry 

• Software control of 
—Track stepping rate 
—Head load time 
—Head unload time 

* ІВМ compatible in both single- and double-density recording 
formats 

* Programmable data record lengths: 128, 256, 512, 1024, 2048, 
4096 or 8192 bytes/sector 

е Multi-sector and multi-track transfer capability 

• Controls up to four floppy disk drives 

• Data scan capability—will scan a single sector or an entire 
track of data fields, comparing on a byte-by-byte basis data 
in the processor’s memory with data read from the disk 

• Data transfers in DMA ог non-DMA mode 

• Parallel seek operations on up to four drives 

• Directly compatible with 6500 and 6800 synchronous 
microprocessor bus 

• Single phase 8 MHz Clock 

• Single +5 Voit Power Supply 


ORDERING INFORMATION 


Part Number CLK Frequency Temperature Range 
R6565 8 MHz 0°C to 70°C 
Package: 
С = Ceramic 
P = Plastic 


Product Description Order No. 2139 
Rev. 2, March 1984 
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Double-Density Floppy Disk Controller (DDFDC) 


RDW 
20-07 RDD 
ema vco 
мск FDD 
SERIAL 
ASYNCHRONOUS WDA DATA 
BUS RES WE INTERFACE 
INTERFACE 
= Pso-P: 
cs S0-PS1 
RS 
а АБУ 
AW IDX 
92 DDFDC wens 
FLT/TRKO 
prs "LCT/DIR 
DACK FR/STP 
ОМАС DONE RW/SEEK FDD 
INTERFACE TXRO HDL STATUS 
INTERFACE 
HDSEL 
CLK uso 
Vec 061 
GND MFM 
Figure 1. DDFDC Input and Output Signals 


PIN DESCRIPTION 


Throughout this document signals are presented using the terms 
active and inactive, or asserted and negated, independent of 
whether the signal is active in the high-voltage state or low-voltage 
state. (The active state of each logic pin is described below.) Active 
low signals are denoted by a superscript bar. 


BUS INTERFACE 


DO0-D7—Data Lines. The bidirectional data lines transfer data 
between the DDFDC and the 8-bit data bus. 


CLK—CLOCK. The clock is a TTL compatible 8 MHz square wave 
signal. 


RES—RESET. This active low input places the DDFDC in the 
јаје state and resets the output lines to the floppy disk drive (FDD) 
to the low state. 


CS—Chlp Select. The DDFDC is selected when the CS input 
is low. 


RS—Data/Status Register Select. This input selects the Data 
or Status Register for reading from or writing to. When RS = high, 
the Data Register is selected and the state of R/W determines 
determines whether it is a read (R/W = high) or a write (R/W = low) 
operation. When RS = low, the Status Register is selected. This 
register may only be read (R/W = high); the state R/W = low is 
invalid when the Status Register is selected. 
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IRQ—Interrupt Request. This active low output is the interrupt 
request generated by the DDFDC to the CPU. 


R/W—Read/Write. This input defines the data bus transfer as а 
read or write cycle. When high (read), the data transfer is from the 
DDFDC to the data bus. When low (write), the data transfer is from 
the data bus to the DDFDC. 


@2—Enable. This input is the synchronous handshake line for the 
information transfer on the R6500 processor bus. This input signal 
is the standard enable signal commonly called 02 in R6500 
peripheral devices or Enable in 6800 peripheral devices. 


DIRECT MEMORY ACCESS CONTROLLER 
(DMAC) INTERFACE 


DACK—DMA Acknowledge. The DMA transfer acknowledge 
signal is a TTL compatible input generated by the DMA controller 
(DMAC) controlling the DDFDC. The DMA cycle is active when 
DACK is low and the DDFDC is performing a DMA transfer. 


TXRQ—DMA Request. The transfer request signal is a TTL com- 
patible output generated by the DDFDC to request a data transfer 
operation under control of the DMAC (in the DMA mode). The 
request is active when TXRQ = high. The signal is reset inactive 
when DMA Acknowledge (DACK) is asserted (low). 


DONE—DMA Transfer Complete. This input signal is issued to 
the DDFDC when the DMA transfer for a channel is complete. The 
signal is active low concurrent with ће РАСК input when the DMA 
operation is complete as a result of that transfer. 
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FDD SERIAL DATA INTERFACE 


RDD—Read Data. Read Data input from the floppy disk drive 
(FDD) containing clock and data bits. 


RDW—Read Data Window. Data Window input generated by the 
Phase Locked Loop (PLL) and used to sample data from the FDD. 


VCO—Variable Frequency Oscillator Sync. This output signal 
inhibits the VCO in the PLL circuit when low and enables the VCO 
in the PLL circuit when high. This inhibits RDD and RDW from 
being generated until valid data is detected from the FDD. 


WCK—Write Clock. This input clock determines the Write Data 
rate to the FDD. The data rate is 500 KHz in the FM mode (MFM 
= low) and 1 MHz in the MFM mode (MFM = high). The pulse 
width is 250 ns (typical) in both modes. 


WDA—Write Data. Serial write data output to the FDD contain- 
ing both clock and data bits. 


WE—Write Enable. This output signal enables the Write Data into 
the FDD when high. 


PS0-PS1—Preshift. These outputs are encoded to convey write 
compensation status during the MFM mode to determine early, 
late or normal times as follows: 


Preshift Outputs 


Write Precompensation Status Р50 PS1 
Normal 0 | 0 
Late 0 1 
Еапу 1 0 
Invalid 1 1 


0 = Low, 1 = High 


FDD STATUS INTERFACE 


RDY—Ready. An active high input signal indicates the FDD is 
ready to send data to, or receive data from, the DDFDC. 


IDX—Index. An active high input signal from the FDD indicates 
the index hole is under the index sensor. Index is used to syn- 
chronize DDFDC timing. 


RW/SEEK—Read Write/Seek. Mode selection signal to the FDD 
which controls the multiplexer from the multiplexed signals. 
When RW/SEEK is low, the Read/Write mode is commanded; 
when RW/SEEK is high, the Seek mode is commanded. 


RW/SEEK | Моде | Active РОО interface Signais 
Low Read/Write WP, FLT, LCT, ЕН 
| High Seek TS, TRKO, DIR, STP 


WP/TS—Write Protect/Two Side. An active high multiplexed input 
signal from the РОО. In the Read/Write mode, WP/TS high indi- 
cates the media is write-protected. In the Seek mode, WP/TS high 
indicates the media is two-sided. 
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FLT/TRKO—Fault/Track Zero. An active high multiplexed input 
from the FDD. In the Read/Write mode (RW/SEEK = low), 
FLT/TRKO high indicates ап РОО fault. In the Seek mode, 
FLI/TRKO high indicates that the read/write head is positioned over 
track zero. 


LCT/DIR—Low Current/Direction. A multiplexed output to the 
FDD. In the Read/Write mode, LCT/DIR is low when the read/write 
head is to be positioned over the inner tracks and the LCT/DIR 
is high when the head is to be positioned over the outer tracks. 
In the Seek mode, LCT/DIR controls the head direction. When 
LCT/DIR is high, the head steps to the outside of the disk; when 
LCT/DIR is low, the head steps to the inside of the disk. 


FR/STP—Fault Reset/Step. A multiplexed cutput to the FDD. In 
the Read/Write mode, FR/STP high resets the fault indicator in 
the FDD. An FR pulse is issued at the beg nning of each read 
or write command prior to issuing HDL. in the Seek mode, FR/STP 
provides the step pulses to move the read/write head to another 
track in the direction indicated by the LCT/DIR signal. 


HDL—Head Load. An active high output to notify the РОБ that 
the read/write head should be loaded (placed in contact with the 
media). A low level indicates the head should be unloaded. 


HD—Head Select. An output to the FDD to select the proper 
read/write head. Head One is selected when HD = high and Head 
Zero is selected when HD - low. 


RES 1 vec 
92 2 RW/SEEK 
RW 3 LCT/DIR 
cs 4 FFI/STP 
RS 5 HDL 
DO 6 RDY 
D1 7 WP/TS 
D2 8 FLT/TRKO 
D3 9 PSO 
04 10 PS1 
D5 11 WDA . 
06 12 USO 
D7 13 USI 
TXRQ 14 HOSEL 
DACK 15 MEM 
DONE Wiz 


vco 
RDD 
ROW 
WCK 


CLK 
GND 


R6565 DDFDC Pin Diagrarn 
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Double-Density Floppy Disk Controller (DDFDC) 


US0-US1—Unit Select. Output signals for floppy disk drive selec- 
tion as follows: 


Unit Select 


Floppy Disk 
Drive Select 


о 
1 
2 
3 


0 = Low, 1 = High 


МЕМ—МЕМ Mode. Output signal to the FDD to indicate MFM 
or FM mode. Selects the MFM mode when MFM = high and the 
FM mode when MFM = low. 

VCC—Power. +5V dc. 


GND—Ground (Vss). 


Ше] ^ 


CT 
BUFFERS 


00-07 


CONTROL 


DMA 
CONTROL 


| 


vec 
GND 


DDFDC REGISTERS 


The DDFDC contains six registers which may be accessed by 
the processor ог DMA controller via the system (i.e., micro- 
processor) bus: a Main Status Register, a Data Register, and four 
Result Status Registers. The 8-bit Main Status Register (MSR) 
contains the status information of the DDFDC, and may be 
accessed at any time. The 8-bit Data Register, consisting of 
several registers in a stack with only one register presented to 
the data bus at a time, stores data, commands, parameters and 
FDD status information. Bytes of data are read out of, or written 
into, the Data Register in order to initiate a command or to obtain 
the results of a command execution. 


The read-only Main Status Register facilitates the transfer of data 
between the system and the DDFDC. The other Status Registers 
(STO, ST1, ST2 and ST3) are only available during the result 
phase, and may be read only after completing a command. The 
particular command which has been executed determines how 
many of the Status Registers will be read. 


INTERNAL BUS 


SERIAL RDW 
READ RDD 
CONTROL усо 
WCK 
SERIAL WDA 
єс > WRITE 
WE 
PSO, PS1 
RDY 
4 INPUT IDX 
PORT WP/TS 
DRIVE FLT/TRKO 
к=— INTERFACE 
CONTROL LCT/DIR 
ЕД OUTPUT FR/STP 
PORT RW/SEEK 
HDL 
HD 
USO 
US1 
MFM 


Figure 2. DDFDC Block Diagram 
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The relationship between the status/data registers and the R/W 
and RS signals is shown below. 


RS Function 
0 Read Main Status Register 
0 Illegal 


Read from Data Register 


АЛУ 
1 
0 
1 
0 Write into Data Register 


1 
[© = Low, 1 = High 


Table 1 shows each of the status registers used Бу ће DDFDC 
and each bit assignment within the individual registers. Table 2 
defines the symbols used throughout the command definitions. 
Each register bit symbol is defined in the register descriptions 
that follow Table 2. 


REGISTER DEFINITIONS 


Main Status Register. (MSR) 


7 6 5 4 a [2 [а о | 
вом | оо | EM | св | D3B | pes | Ов оов | 


The Мат Status Register (MSR) contains the status information 
of the DDFDC, and must be read by the processor before each 
byte is written to, or read from, the Data Register during ће сот- 
mand or result phase. MSR reads are not required during the 
execution phase. Тһе Data Input/Output (DIO) and Request for 
Master (ROM) bits in the MSR indicate when data is ready and 
in which direction data will be transferred on the data bus. The 
maximum time between the last R/W during command or result 
phases and the DIO and ROM getting set or reset is 12 из. For 
this reason, every time the MSR is read the processor should wait 
12 us. The maximum time from the end of the last read in the 
result phase to when bit 4 (DDFDC Busy) goes low is also 12 us. 


The DIO and RQM timing chart is shown in Figure 3. 


MSR 
7 НОМ  —Request for Master. 
0 Data Register is not ready. 
1 Data Register is ready. 
MSR 
6 DIO —Data Input/Output. 
0 Data transfer is from system to the Data Register. 
1 Data transfer is from Data Register io the system. 
MSR 
5 ЕХМ --Ехесшіоп Mode. (Non-DMA mode oniy). 
о Execution phase ended, result phase begun. 
1 Execution phase started. 
MSR 
4 CB —Controiier (DDFDC) Визу. 
0 DDFDC is not busy, will accept a command. 
1 DDFDC is busy, will not accept a command. 
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MSR 
3 938  -—Floppy Disk Drive (FDD) 3 Busy. 
0 FDD 3 is not busy, DDFDC will accept read or write 
command. 
1 FDD 3 is busy, DDFDC will not accept read or write 
command. 
MSR 
2 D2B —FDD 2 Busy. 
0 FDD 2 is not busy, DDFDC will accept read or write 
command. 
1 FDD 2 is busy, DDFDC will not accept read or write 
command. 
MSR 
1 DIB  -FDD 1 Busy. 
0 FDD 1 is not busy, DDFDC will accept read or write 
command. 
1 FDD 1 is busy, DDFDC will not accept read or write 
command. 
MSR 
0 DOB  .—FDD 0 Busy. 
0 FDD 0 is not busy, DDFDC will accept read or write 
command. 
1 FDD 0 is busy, DDFDC will not accept read or write 
command. 


Status Register 0 (STO) 


7 | 6 5 ШЕ 3 


IC SE | EC NR HD 


2 |1 [о 
! US 
us: | uso 


The Status Register 0 (STO) as well as the other status registers 
(ST1-ST3), are available only during the result phase, and may 
be read only after completing à command. The particular com- 
mand executed determines which status registers are used and 
may be read. 


STO 

7 6 IC —Interrupt Code. 

оо Normal Termination (NT). Соттапа was properly exe- 
cuted and completed. 

0 1 Abnormal Termination (AT). Command execution was 
started, but was not successfully completed. 

1 0 Invalid Command (IC). Received command was invalid. 

1 1 Abnormal Termination (AT). The Ready (RDY) signal 
from the РОО chariged state during command 
execution. 

STO 

5 SE — Seek End. 


0 Seek command is not completed. 
1 Seek command completed by DDIFDC. 


STO 
4 EC —Equipment Check. 
0 No error. 
1 Either a fault signal is received from the FDD or the track 
0 signal failed to occur after 256 step pulses (Recalibrate 
Command). 
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— 
L— 7 6 

Main Status Register (MSR) RQM DIO | ЕХМ |_ св 

Status Register 0 (STO) 


Status Register 1 (ST1) 
Status Register 2 (ST2) 
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Tabie 1. DDFDC Status Register Bit Assignments 


Bit Number 


5 4 


ЗЕ 


Status Register З (573) 


Table 2. Command Symbol Description 


Description 


D 


Symboi Name 


Data 


The data pattern which is going to be written into a sector. 


FM or MFM Mode 
-L 


20-07 Data Bus 8-bit data bus, where DO is the least significant data line and D7 is the most significant data line. 

DTL Data Length When N is defined as 00, DTL is the number of data bytes to read from or write into the sector. 

EOT End of Track The final sector number on a track. During read or write operation, the DDFDC stops data transfer 
after reading from or writing to the sector equal to EOT. 

GPL Gap Length The length of Gap 3. During read/write commands this value determines the number of bytes that the 
VCO will stay low after two CRC bytes. During the Format a Track command it determines the size of 
Gap 3. 

H Head Address Head number 0 or 1, as specified in ID field. 

[HD (H) Head A selected head number 0 or 1 which controls the polarity of pin 27. (H = HD in all command words). 

HLT Head Load Time The head load time in the FDD (2 to 254 ms in 2 ms increments). 

HUT mI Head Unload Time The head unload time after a read or write operation has occurred (16 to 240 ms in 16 ms increments). 

MF | | When МЕ = 0, FM mode із selected; and when МЕ = 1, MFM mode is selected. 


MT Multi-Track When МТ = 1, a multi-track operation is to be performed. After finishing a read/write operation on side 
E 0, the DDFDC will automatically start searching for sector 1 on side 1. 
N Bytes/Sector The number of data bytes written in a sector. 4 
мр Non-DMA Mode When ND = 1, operation is in the Non-DMA mode; when ND = 0, operation is in the DMA mode. 
NTN New Track Number A new track number, which will be reached as a result of the Seek command. Desired head position. 21 
РТМ Present Track Number The track number at the completion of Sense Interrupt Status command. Present head position. 
R Record (Sector) The sector number to be read or written. 
Г RS Register Select Controls selection of Main Status Register (RS = low) or Data Register (RS = high). 
RAN Read/Write Either read (R) or write (W) signal. 
ST Sectors/Track The number of sectors per track. 
| SK Skip Skip Deleted Data Address Mark. EN 
SRT Step Rate Time The stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate applies to all drives 
| (Е = 1 ms, Е = 2 ms, еіс.) 
STO Status 0 Four registers which store the status information after a command has been executed. This information 
өті Status 1 is available during the result phase after command execution. These registers should not be confused 
572 Status 2 with the Main Status Register (selected by RS = low). STO-ST3 may be read only after a command has 
ST3 Status 3 been executed and contain information relevant to that particular command. 
STP T Sector Test Process During a Scan command, if STP = 01, the data in contiguous sectors is compared byte by byte with data 
sent from the processor (or DMA controller); and if STP = 02, then alternate sectors are read and 
L compared. 
T Track Number The current/selected track number of the medium (0-255). 


| 950,051 | Unit Select 


А selected drive number (0-3). 


L 
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STO 

3 NR —Not Ready. 

0 FDD is ready. 

1 FDD is not ready at issue of read or write command. If 
a read or write command is issued to side 1 of a single- 
sided drive, this bit is also set. 

STO 

2 HD — Head Address. (At interrupt). 

0 Head Select 0. 

1 Head Select 1. 

STO 

1 0 US —Unit Seiect. (At interrupt). 
0 0 РОО 0 selected. 

0 1 FDD 1 selected. 

10 FDD 2 selected. 

11 FDD 3 selected. 


Status Register 1 (ST1) 


Pace oe Paro e 


ST1 
7 ЕМ —End of Track. 
0 No error. 


1 DDFDC attempted to access a sector beyond the last 
sector of a track. 


ST1 
6 —Not Used. Aiways Zero. 
ST1 М 
5 ПЕ —Data Error. 
0 No error. 
1 DDFDC detected a CRC error in 10 field or the Data field. 
ST1 
4 OR —Over Run. 
0 No error. 
1 DDFDC was not serviced by the system during data 
transfers, within a predetermined time interval. 
ST1 
3 —Not Used. Always Zero. 
ST1 
2 ND —No Data. 
0 No error. 
1 3 possible errors. 


1. DDFDC cannot find sector specified in ID Register 
during execution of Read Data, Write Deleted Data or 
Scan commands. 


2. DDFDC cannot read ID field without an error during 
Read ID command. 


3. DDFDC cannot find starting sector during execution 
of Read a Track command. 
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ST1 
1 NW —Not Writable. 
0 No error. 
1 DDFDC detected a write protect signal from FDD during 
execution of Write Data, Write Deleted Data or Format 
a Track commands. 
ST1 
0 MA —Missing Address Магк. 
0 No error. 


1 2 possible errors. 


1. DDFDC cannot detect the ID Address Mark after 
encountering the index hole twice. 


2. DDFDC cannot detect the Data Address Mark or 
Deleted Data Address Mark. The MD (Missing Address 
Mark in Data field) of Status Register 2 is also set. 


Status Register 2 (ST2) 


Cp pepe 


E 


3 2 1 
эн | SN | BT 


vw] 


ST2 
7 —Not Used. Always Zero. 
ST2 
6 CM —Controi Mark. 
0 No error. 
- 1. DDFDC encountered а sector which contained a Deleted 
Data Address Mark during execution of a Read Data, 
Read a Track, or Scan command, or which contained a 
Data Address Mark during execution of a Read Deleted 
Data command. 
ST2 
5 DD —Data Error in Data Fleid. 
0 No error. 
1 DDFDC detected a CRC error in the Data field. 
ST2 
4 WT — Wrong Track. 
0 No error. 
1 Contents of T on the disk is different from that stored in 
IDR. Bit is related to ND (Bit 2) of Status Register 1. 
ST2 
3 SH —Scan Equai Hit. 
0 No “equal” condition during a scar! command. 
1 "Equal" condition satisfied during & scan command. 
ST2 
2 SN —Scan Not Satisfied. 
0 No error. 
1 DDFDC cannot find a sector on the track which meets 


the scan command condition. 
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1 BT —Bad Track. 

0 No error. 

1 Contents of T on the disk is different from that stored in 
the IDR and T = FF. Bit is related to ND (Bit 2) of Status 
Register 1. 


ST2 
0 MD Missing Address Mark in Data Field. 
0 No error. 
1 DDFDC cannot find a Data Address Mark or Deleted Data 
Address Mark during a data read from the disk. 


Status Register 3 (ST3) 


5 4 3 2 1 0 


| RT | we | RDY | тако | TS 


Status Register 3 (573) holds the results of the Sense Drive Status 
Command. 


ST3 
7 РТ —Fauit. 
0 Fault (FLT) signal from the РОО is low. 
1 Fault (FLT) signal from the FDD is high. 


6 WP —Write Protect. 
0 Write Protect (WP) signal from the FDD is low. 


1 Write Protect (WP) signal from the FDD is high. 


ST3 
5 РОУ —Ready. 
0 Ready (RDY) signal from the RDD is low. 
1 Ready (RDY) signal from the FDD is high. 


4 ТАКО --Тгаск 0. 
0 Track 0 (ТАКО) signal from the РОО is low. 
1 Track 0 (TRKO) signal is from the FDD is high. 


ST3 

3 TS —Two Side. 

0 Two Side (TS) signal Кот the FDD is low. 

1 Two Side (TS) signal from the FDD is high. 
ST3 

2 HD —Head Select. 

0 Head Select (HD) signal to the FDD is low. 

1 Head Select (HD) signal to the FDD is high. 
ST3 

1 US1 —Ипн Select 1. 


0 Unit Select 1 (051) signal to the FDD is iow. 
1 Unit Select 1 (US1) signal to the FDD is high. 


ST3 
0 USO —Unit Select 0. 
0 Unit Select 0 (USO) signal to the РОО is low. 
1 Unit Select 0 (051) signal to the FDD is high. 
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COMMAND SEQUENCE 


The DDFDC is capable of performing 15 different commands. 
Each command is initiated by a multi-byte transfer of data from 
the system. After command execution, the result of the command 
may be а multi-byte transfer of data back to the system. Because 
of this multi-byte transfer of information between the DDFDC and 
the system, each command consists of three phases: 


Command Phase—The DDFDC receives all information 


' required to perform a particular operation from the system. 


Execution Phase—The DDFDC performs the instructed 
operation. 


Result Phase—-After completion of the operation, status and 
other housekeeping information are made available to the system. 


The bytes of data sent to the DDFDC to form a command, and 
read out of the DDFDC in the result phase, must occur in the 
order shown for each command sequence. That is, the command 
code byte must be sent first followed by the other bytes in the 
specified sequence. Ali command bytes must be written and all 
result bytes must be read in each phase. After the last byte of 
data in the command phase is received by the DDFDC, the execu- 
tion phase starts. Similarly, when the last byte of data is read out 
in the result phase, the command is ended and the DDFDC is 
ready to accept a new command. A command can be terminated 
by asserting the DONE signal to the DDFDC. This ensures that 
the processor can always get the DDFDC's attention even if the 
command in process hangs up in an abnormal manner. 


COMMAND DESCRIPTION 


READ DATA 


A command set of nine bytes places the DDFDC into the Read 
Data mode. After the Read Data command has been received 
the DDFDC loads the head (if it is unioaded), waits the specified 
Head Settling Time (defined in the Specity command), then begins 
reading ID Address Marks and ID fields from the disk. When the 
current sector number (R) stored in the ID Register (IDR) matches 
the sector number read from the disk, the DDFDC transfers data 
from the disk Data field to the data bus. 


After completion of the read operation from the current sector, 
the DDFDC increments the Sector Number (R) by one, and the 
data from the next sector is read and output to the data bus. This 
continuous read function is called a “Multi-Sector Read Opera- 
tion.” The Read command terminates after reading the last data 
byte from sector А when R = EOT. STO bits 7 and 6 are set to 
0 and 1, respectively, and ST! bit 7 (EN) is set to a 1. 


The Read Data command can also be terminated by a low DONE 
signal. DONE should be issued at the same time that the DACK 
for the last byte of data is sent. Upon receipt of DONE, the DDFDC 
Stops outputting data to the data bus, but continues to read data 
from the current sector, checks CRC (Cyclic Redundancy Count) 
bytes, and then at the end of that sector terminates the Read Data 
command and sets bits 7 and 6 in STO to 0. The amount of data 
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which сап be handled with a single command to the DDFDC 
depends upon MT (Multi-Track), MF (MFM/FM), and N (Number 
of Bytes/Sector) values. Table 3 shows the transfer capacity. 


The multi-track function (MT) allows the DDFDC to read data from 
both sides of the disk. For a particular track, data is transferred 
starting at sector 1, side 0 and completed at sector L, side 1 
(sector L = last sector on the side). This function pertains to only 
one track (the same track) on each side of the disk. 


When М = 0 in command byte 6 (FM mode), the Data Length 
(DTL) in command byte 9 defines the data length that the DDFDC 
must treat as a sector. If DTL is smaller than the actual data 
length in a sector, the data beyond the DTL is not sent to the 
data bus. The DDFDC reads (internally) the complete sector, per- 
forms the CRC check, and depending upon the manner of com- 
mand termination, may perform a multi-sector Read operation. 
When М is non-zero (MFM mode), DTL has no meaning and 
should be set to FF. 


At the completion of the Read Data command, the head is not 
unloaded until the Head Unload Time (HUT) interval defined in 
the Specify command has elapsed. The head settling time may 
be avoided between subsequent reads if the processor issues 
another command before the head unloads. This time savings 
is considerable when disk contents are copied from one drive to 
another. 


If the DDFDC detects the Index Hole twice in succession without 
finding the right sector (indicated in R), then the DDFDC sets the 
No Data (ND) flag in Status Register 1 (ST1) to a 1, sets Status 
Register 0 (STO) bits 7 and 6 to 0 and 1, respectively, and ter- 
minates the Read Data command. 


After reading the ID and Data fields in each sector, the DDFDC 
checks the CRC bytes. If a read error is detected (incorrect CRC 
in ID field), the DDFDC sets the Data Error (DE) flag in ST1 to 
а 1, sets the Data Error in Data Field (DD) flag in ST2 to a 1 if 
a CRC error occurs in the Data field, sets bits 7 and 6 in STO 
to 0 and 1, respectively, and terminates the command. 
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If the DDFDC reads a Deleted Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit in the first command 
byte is not set (SK = 0), then the DDFDC reads all the data in 
the sector, sets the Control Mark (CM) flag in ST2 to a 1, and 
terminates the command. If SK = 1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark and reads the next sec- 
tor. The CRC bits in the deleted data field аге not checked when 
SK = 1. 


During disk data transfers from the DDFDC to the system, the 
DDFDC must be serviced by the system within 27 us in the FM 
mode, and within 13 из in the MFM mode, otherwise the DDFDC 
sets the Over Run (OR) flag in ST1 to a 1, sets bits 7 and 6 in 
STO to 0 and 1, respectively, and terminates the command. 


If the processor terminates a read (or write) operation in the 
DDFDC, then the ID information in the result phase is dependent 
upon the state of the MT bit in the first command byte and the 
End of Track (EOT) byte. Table 4 shows the values for Track 
Number (T), Head Number (H), Sector Number (R), and Number 
of Data Bytes/Sector (N), when the processor terminates the 
command. 


Command Phase: 


rw [вие | 7 [в | 5 |4]8 21 [о 
М 1 | МТ | МЕ ЖК | O | 0 1 1 0 | 
X X X |X {X | HD } 51 | USO 
= a 
Track Number (T) 
Head Number (H) 
S = 


Sector Number (R) 


Number of Data Bytes par Sector (N) 
End of Track (EOT) 

Gap Length (GPL) 

Data Length (рту 


оош nN (| Dj ya!) a] о] 


Table 3. DDFDC Transfer Capacity 


Multi-Track MFM/FM Bytes/Sector Maximum Transfer Capacity 4 Final Sector Read 
(MT) (MF) (N) _| (Bytes/Sector) (Number of Sectors) from Disk 
| - zal У m 
0 0 00 (128) (26) = 3,328 26 at Side 0 
0 1 01 (256) (26) = 6,656 or 26 at Side 1 
1 0 00 (128) (52) = 6,656 h 26 at Side 1 
1 |. 1 01 | (256) (52) = 13,312 
0 0 01 (256) (15) = 3,840 | 15 at Side 0 
0 1 02 (512) (15) = 7,680 ог 15 at Side 1 
—- и, —{ У, 
4 0 01 (256) (30) = 7,680 РР 
1 1 02 (512) (30) = 15,360 
--- T- = 
0 0 02 (512) (8) = 4.096 T 8 at Side 0 
0 1 03 (1024) (8) = 8,192 or 8 at Side 1 
+ ч - 
1 0 02 (512) (16) = 8,192 ny 
1 1 03 (1024) (16) = 16,384 Bat sided 
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Table 4. DDFDC Command Termination Values 


L2 LSB (Least Significant Bit): The least significant bit of H is complemented. 


Command Phase ID Resuit Phase iD 
Multl- Head Final Sector Transferred Track Head Sector No. of 
Track Number to/from Data Bus Number Number Number Data Bytes 
(мт) (HD) m | W о | м 
al 
0 Less than EOT NC NC А + 1 NC 
0 Equal to EOT Т+1 МС 01 МС 
= 4- le ЕН | 
0 1 Less than ЕОТ NC NC А +1 NC 
| 1 Equal to EOT ER Т+1 E NC | 01 NC 
B 0 Less than ЕОТ NC NC R+1 NC 
0 Equal to EOT NC LSB 01 NC 
— 
1 1 Less than EOT NC NC R+1 NC 
1 Equal to EOT T+1 LSB 01 NC 
Notes: | 
1. МС (Мо Change): The same value аз the one at the beginning of command execution. 


Result Phase: 


Status Register 0 (STO) 
Status Register 1 (ST1) 
Status Register 2 (ST2) 


Track Number (Г) 

Head Number (H) 

Sector Number (R) 

Number of Data Bytes per Sector (N) 


WRITE DATA 


A command set of nine bytes places the DDFDC in the Write Data 
mode. After the Write Data command has been received the 
DDFDC loads the head (if it is unloaded), waits the specified Head 
Settling Time (defined'in the Specify command), then begins 
reading ID fields from the disk. When the four bytes (T, H, R, N) 
loaded during the command match the four bytes of the ID field 
from the disk, the DDFDC transfers data from the data bus to 
the disk Data field. 


After writing data into the current sector, the DDFDC increments 
the sector number (R) by one, and writes into the Data field in 
the next sector. The DDFDC continues this multi-sector write 
operation until the last byte is written to sector R when В = EOT. 
STO bits 7 and 6 are set to 0 and 1, respectively, and ST1 bit 
7 (EN) is set to a 1. 


The command can also be terminated by a low on DONE. If 
DONE is sent to the DDFDC while writing into the current sector, 
then the remainder of the Data field is filled with OO (zeros). In 
this case, STO bits 7 and 6 are set to 0 and the command is 
terminated. 


The DDFDC reads the ID field of each sector and checks the CRC 
bytes. If the DDFDC detects a read error (incorrect CRC) in one 
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of the ID fields, it terminates the Write Data command, sets the 
DE flag in ST1 to a 1, and sets bits 7 and 6 in STO to O and 1, 
respectively. 


The Write Data command operates in much the same manner 
as the Read Data command. Refer to the Read Data command 
for the handling of the following items: 


* Transfer Capacity 

• End of Track (EN) flag 

* No Data (ND) flag 

* Head Unload Time (HUT) interval 

• 10 information when the processor terminates command 
(see Table 4) 

* Definition of Data Length (DTL) when N = 0 and when N = 0 


In the Write Data mode, data transfers from the data bus to the 
DDFDC must occur within 27 us in the FM mode, and within 13 д5 
in the MFM mode. If the time interval between data transfers is 
longer than this, then the DDFDC terminates the Write Data com- 
mand, sets the Over Run (OR) flag in ST1 to a 1, and sets bits 
7 and 6 in STO to 0 and 1, respectively. 


Command Phase: 


| вм [вт т [е [5 1 [о | 
уу 1 МТ | МЕ | 0 о 1 
2 X X X |X|X| HD | 931 | USO 
3 Track Number (T) 
| 4 d Head Number (H) | 

5 Sector Number (R) 
6 Number of Data Bytes per Sector (N) = 
7 | End of Track (ЕОТ) _ 


[в | бар Length (GPL) 


9 Data Length (DTL) 
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Command Phase: 


R Status Register 0 (STO) 


A 


Status Register 1 (ST1) 
Status Register 2 (ST2) 
|. 
Track Number (Т) 
Head Number (H) 
Sector Number (R) 


= Ola] oy ~ 
L 


Number of Data Bytes per Sector (N) 


WRITE DELETED DATA 


The Write Deleted Data command is the same as the Write Data 
command except a Deleted Data Address Mark is written at the 
beginning of the Data field instead of the normal Data Address 
Mark. 


Command Phase: 


R/W BYTE | 7 
Ww 1 MT 
| 2 хх fro Ust | uso 
+— 
3 Track Number (7 
MN —1 


4 | Head Number (H) 


5 Sector Number (R) 

6 Number of Data Bytes per Sector (N) 
7 End of Track k (EOT) 

8 | Gap Length (GPL) 

9 Data Length (DTL) 


Result Phase: 
R 1 Status Register 0 (STO) 
2 Status Register 1 (ST) 
з | Status Register 2 (ST2) 


READ DELETED DATA 


The Read Deleted Data command is the same as the Read Data 
command except that if SK = 0 when the DDFDC detects a Data 
Address Mark at the beginning of a Data field, it reads all the 
data in the sector and sets the CM flag in ST2 to a 1, and then 
terminates the command. if SK = 1, then the DDFDC skips the 
sector with the Data Address Mark and reads the next sector. 
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L R/W | BYTE 7 6 514312 1 0 4 Track Number (Т) 
м + |мт|МЕ| о Јо [зо | о | : 5 | Head Number (H) 
2 x | x [ххх | но | us: | uso 6 | Sector Number (R) 
——- " | —} —- 1 
3 | Track Number (Т) 7 Number of Data Bytes per Sector (N) 
4 Head Number (H) 
+ .. —i 
5 Sector Number (R) 
6 1 Number of Data Bytes per Sector (М) | 
7 Е f Track (ЕО 
| End of Track (EOT) ВЕАО А ТВАСК 
8 Gap Length (GPL) | | 
+ The Read a Track command is similar to the Read Data com- 
19 Data Length (DTL) mand except that this is a continuous read operation where all 
Data fields from each of the sectors on a track are read and 
transferred to the data bus. Immediately after encountering the 
Result Phase: Index Hole, the DDFDC starts reading the Data fields as con- 
- 7 tinuous blocks of data. This command termiriates when the num- 
R 1 St Regist T . . 
atus 905 его (570) ber of sectors read is equal to ЕОТ. Multi-track operations are 
2 { Status Register 1 (571) | not allowed with this command. 
3 Status Register 2 (ST2) 
4 | Track Numbe If the DDFDC finds an error in the ID or Data CRC check bytes, 
rack Number (T) — it continues to read data from the track. The DDFDC compares 
5 Head Number (H) the ID information read from each sector with the value stored 
6 Sector Number (R) in the IDR, and sets the ND flag in ST1 to a 1 if there is no match. 
J` . 
L 7 | Number of Data Bytes per Sector(N) If the DDFDC does not find an ID Address Mark on the disk after 


it encounters the index Hole for the second time it terminates the 
command, sets the Missing Address Mark (МА) flag in ST1 to 
a 1, and sets bits 7 and 6 of STO to 0 and 1, respectively. 
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Command Phase: 


Track Number (Т) 
Head Number (H) 
Sector Number (R) 

Number of Data Bytes per Sector (N) 
End of Track (EOT) 

Gap Length (GPL) 

Data Length (DTL) 


Result Phase: 
R 


1 | Status Register 0 (STO) 
2 | Status Register 1 (571) 
3 Status Register 2 (ST2) 
4 Track Number (Т) 
5 
6 
7 


| Head Number (H) 

Sector Number (R) 
| Number of Data Bytes per Sector (М) 
READ ID 


The two-byte Read ID command returns the present position of 
the read/write head. The DDFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to 0 and ter- 
minates the command. 


If no proper ID Address Mark is found on the disk before the Index 
Hole is encountered for the second time then the Missing Address 
Mark (MA) flag in ST1 is set to a 1, and if no data is found then 
the ND flag in ST1 is also set to a 1. Bits 7 and 6 in STO are 
set to 0 and 1, respectively and the command is terminated. 


During this command there is no data transfer between DDFDC 
and the data bus except during the result phase. 


Command Phase: 


= —r 
YTE 
1 


| АМ 
w 


Result Phase: 
R 1 


Status Register 0 (STO) 
2 Status Register 1 (ST1) 


Status Register 2 (ST2) 
4 Track Number (Т) 
5 Head Number (H) 
6 Sector Number (R) 


7 Number of Data Bytes per Sector (N) 
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FORMAT A TRACK 


The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded in either 
the double-density IBM System 34 format (MF = 1) or the single- 
density IBM 3740 format (MF = 0). The particular format written 
is also controlled by the values of Number of Bytes/Sector (N), 
Sectors/Track (ST), Gap Length (GPL) and Data Pattern (D) which 
are supplied by the processor during the command phase. The 
Data field is filled with the data pattern stored in D. 


The ID field for each sector is supplied by the processor in 
response to four data requests per sector issued by the DDFDC. 
The type of data request depends upon the Non-DMA flag (ND) 
in the Specify command. In the DMA mode (ND = 0), the DDFDC 
asserts the DMA Request (TXRQ) output four times per sector. 
In the Non-DMA mode (МО = 1), the DDFDC asserts Interrupt 
Request (IRQ) output four times per sector. 


The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number (T), 
Head Number (H), Sector Number (R) and Number of Bytes/ 
Sector (N). This allows the disk to be formatted with non- 
sequential sector numbers, if desired. 


The processor must send new values for T, H, R, and N to the 
DDFDC for each sector on the track. For sequential formatting 
R is incremented by one after each sector is formatted, thus, R 
contains the total numbers of sectors formatted when it is read 
during the result phase. This incrementing and formatting con- 
tinues for the whole track until the DDFDC, upon encountering 
the Index Hole for the second time, terminates the command and 
sets bits 7 and 6 in STO to 0. 


If the Fault (FLT) signal is high from the FDD at the end of a write 
operation, the DDFDC sets the Equipment Check (EC) flag in STO 
to a 1, sets bits 7 and 6 of STO to 0 and 1, respectively, and ter- 
minates the command. Also, a low (RDY) signal at the beginning 
of a command execution phase causes bits 7 and 6 of STO to 
be set to 0 and 1, respectively. 


Table 5 shows the relationship between N, ST, and GPL for 
various disk and sector sizes. 


Command Phase: 


Г mw | BYTE о | 
w 1 | 
uso 


Number of Bytes per Sector (N) 


Sectors per Track (ST) 
Gap Length (GPL) 
Data Pattern (D) 


"rrr 


p 
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=> ": — 
No. of Data No. of Gap Length (СР) 
Disk Sector Size Bytes/Sector Sectors/Tracks Read/Write Format 
| Size | Mode Bytes/Sector | (N) (ST) Command! | Command Remarks 
128 00 1A 07 1B ІВМ Disk 1 
256 01 OF ОЕ 2А ІВМ Disk 2 
ЕМ 512 02 08 1B 3A 
1024 03 04 47 BA 
2048 04 02 св FF. 
4096 05 | 01 св ЕЕ 
8" 256 =) 01 1A T ОЕ 36 IBM Disk 2D 
512 02 ОР 1B 54 
MFM? 1024 03 08 35 74 IBM Disk 2D 
2048 04 04 99 FF 
4096 05 02 св ЕЕ 
| E 8192 J 06 ШЕН 01 св и ЕЕ 2 
128 00 12 07 o | 
128 00 10 10 19 
ЕМ 256 01 08 18 30 
512 02 04 46 87 
1024 03 02 св FF 
2048 04 01 св FF 
H 5 LES ER 
5%" | в | 01 12 (рТ | ос 
256 о 10 20 32 
512 02 08 2А 50 
MEMS. 1024 03 04 80 FO 
2048 04 02 св FF 
4096 05 01 св FF 
— =- -——- 
Notes: 
1. Suggested values of GPL in Read or Write Commands to avoid overlapping between Data field and ID field of contiguous sections. 
2. Suggested values of GPL in Format a Track command. 
3. In MFM mode the DDFDC cannot perform a read/write/format operation with 128 bytes/sector (М = 00). 
4. Values of ST and GPL are in hexadecimal. 


Result Phase: 
R 1 


Status Register 0 (STO) 
2 Status Register 1 (ST1) 
3 Status Register 2 (ST2) | | 
4 Track Number (Т)* | 
a 
6 


Head Number (Н)* 
i Sector Number (R)* 


— 


7 Number of Data Bytes per Sector (N)* 


„кї 
* The ID information has no meaning in this command. 


SCAN COMMANDS 


The scan commands compare data read from the disk to data 
supplied from the data bus. The DDFDC compares the data, and 
looks for a sector of data which meets the conditions of Depp = 
Deus: Перо = Deus, ОГ Depp = Days (D = the data pattern in 
hexadecimal). A magnitude comparison is performed (FF = 
largest number, 00 = smailest number). The hexadecimal byte 
of FF either from the bus or from FDD can be used as a mask 
byte because it always meets the condition of the compare. After 
& whole sector of data is compared, if the conditions are not met, 


the sector number is incremented (А + STP — В), and the scan 
operation is continued. The scan operation continues until one 
of the following events occur: the conditions for scan are met 
(equal, low or equal, or high or equal), the last sector on the track 
is reached (EOT), or DONE is received. 


If conditions for scan are met, the DDFDC sets the Scan Hit (SH) 
flag in ST2 to a 1, and terminates the command. If the condi- 
tions for scan are not met between the starting sector (as specified 
by R) and the last sector on the track (EOT), then the DDFDC 
sets the Scan Not Satisfied (SN) flag in ST2 to a 1, and terminates 
the command. The receipt of DONE from the processor or DMA 
controller during the scan operation will cause the DDFDC to com- 
plete the comparison of the particular byte which is in process, 
and then to terminate the command. Table 6 shows the status 
of bits SH and SN under various conditions of scan. 


If SK = 0 and the DDFDC encounters a Deleted Data Address 
Mark on one of the sectors, it regards that sector as the last sec- 
tor of the track, sets the Control Mark (CM) bit in ST2 to a 1 and 
terminates the command. If SK = 1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark, sets the CM flag to a 
1 in order to show that a Deleted Sector has been encountered, 
and reads the next sector. 
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Table 6. Scan Status Codes 


S 7 
Command Status Register 2 19 Comments 
Bit 2 = SN | Bit 3 = SH 
т 0 1 |^ Drop = Deus 
Scan Equal 1 0 Depp * Days 
zu 
0 1 Drop = Deus 
Scan Low or Equal 0 0 Drop < Deus 
| 1 | 0 a Depp > Degus 
0 1 Овор = Deus 
Scan High or Equal 0 0 Drop > Deus 
uu 1 0 Drop « Deus 


When either the STP sectors are read (contiguous sectors = 01, 
or alternate sectors = 02) or MT (Multi-Track) is set, the last sec- 
tor on the track must be read. For example, if STP = 02, MT 
= 0, the sectors are numbered sequentially 1 through 26, and 
the scan command starts reading at sector 21. Sectors 21, 23, 
and 25 are read, then the next sector (26) is skipped and the Index 
Hole is encountered before the EOT value of 26 can be read. 
This results in an abnormal termination of the command. If the 
EOT had been set at 25 or the scanning started at sector 20, then 
the scan command would be completed in a normal manner. 


During a scan command data is supplied from the data bus for 
comparison against the data read from the disk. In order to avoid 
having the Over Run (OR) flag set in ST1, data must be available 
from the data bus in less than 27 us (FM mode) ог 13 из (MFM 
mode). If an OR occurs, the DDFDC terminates the command 
and sets bits 7 and 6 of STO to 0 and 1, respectively. 


The following tables specify the command bytes and describe 
the result bytes for the three scan commands. 


SCAN EQUAL 


Command Phase: 
Ds 


4 [3 
JOE х|х| но HE 


2 
3 Track Number (T) 
— 
4 Head Number (Н) 
әжет 
Sector Number (А) 


6 Number of Data Bytes per Sector (N) 
7 nie End of Track (EOT) 
8 
9 


Сар Length (GPL) 
Sector Test Process (STP) 


Result Phase: 


R 


= 


| Status Register 0 (STO) 


Status Register 1 (ST1) 


Status Register 2 (ST2) 


Head Number (H) 


2 
3 
4 Track Number (T) 
5 
6 
7 


Number of Data Bytes per Sector (N) 


| Sector Number (А) 


SCAN LOW OR EQUAL 


Command Phase: 


о | 


R/W BYTE | 7 6 5 3 1 

w | 1 | MT | MF = 1 
2 x x | x | x | x | ШЕЛ! 081 050 | 
3 Track Number (Т) | 
4 Head Number (H) 


Sector Number (R) 


Number of Data Bytes per Sector (N) 


4 


End of Track (ЕОТ) 


| Gap Length (GPL) 
Sector Test Process (STP) 


Result Phase: 


R “Т 


= 


| Status Register 0 (STO) 


Status Register 1 (ST1) 


Status Register 2 (ST2) 


it Track Number (Т) 


| Head Number (Н) 
Sector Number (R) 


NEO] Oa) ap] wo] 


Number of Data Bytes per Sector (N) 
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SCAN HIGH OR EQUAL 


Command Phase: 
R/W BYTE 
w 1 


5 [4]з[2 Е 


0 
1 


AE 
Е ens 


Track Number (T) 


| uso 


| 


Head Number (H) 
| Sector Number (А) 
Number of Data Bytes per “Sector (N) 


TA 


r 


End of Track (ЕОТ) 
Gap Length (GPL) 


OJJ nl mal al] A № 


Sector Test Process (STP) 


Result Phase: 


T- 
R 1 


7 

Status Register 0 (STO) 
Status Register 1 (ST1) 
Status Register 2 (ST2) 


mc 


Head Number (H) 
1 Sector Number (В) 


2 
3 
4 | Track Number (Т) 
5 
6 
7 


| Number of Data Bytes per Sector (М) 


SEEK 


The three-byte Seek command steps the FDD read/write head 
from track to track. The DDFDC has two independent Present 
Track Registers for each drive. They are cleared only by the 
Recalibrate command. The DDFDC compares the Present Track 
Number (PTN) which is the current head position with the New 
Track Number (NTN), and if there is a difference, performs the 
following operation: 


Е РТМ < NTN: Sets the direction output (LCT/DIR) high 
and issues step pulses (FR/STP) to the FDD 
to cause the read/write head to step in. 

Е РТМ > МТМ: Sets the direction output (LCT/DIR) low and 
issues step pulses to the FDD to cause the 
read/write head to step out. 


The rate at which step pulses are issued is controlled by the Step 
Rate Time (SRT) in the Specify command. After each step pulse 
is issued, МТМ is compared against РТМ. When МТМ = РТМ, 
then the Seek End (SE) flag in STO is set to a 1, bits 7 and 6 
in STO are set to 0, and the command is terminated. At this point 
DDFDC asserts IRQ. 


The FDD Busy flag (bit 0-3) in the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set 
to a 1. 


After command termination, all FDD Busy bits set are cleared by 
the Sense Interrupt Status command. 
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During the command phase of the Seek operation the DDFDC 
sets the Controller Busy (CB) flag in the MSR to 1; but during 
the execution phase the CB flag is set to 0 to indicate DDFDC 
non-busy. While the DDFDC is in the nor-busy state, another 
Seek command may be issued, and in this manner parallel seek 
operations may be performed on all drives at once. 


No command other than Seek will be accepted while the DDFDC 
is sending step pulses to any FDD. If a different command type 
is attempted, the DDFDC will set bits 7 and 6 in STO to a 1 and 
0, respectively, to indicate an invalid command. 


If the FDD is in a not ready state at the beginning of the com- 
mand execution phase or during the seek operation, then the 
DDFDC sets the Not Ready (NR) flag in STO to a 1, sets STO 
bits 7 and 6 to 0 and 1, respectively, and terminates the command. 


If the time to write the three bytes of the Seek command exceeds 


150 us, the time between the first two step pulses may be shorter 
than the Step Rate Time (SRT) defined by the Specify command 


by as much as 1 ms. 
0 
1 


| us1 | uso | 


Command Phase: 


Е, 


New Track Number (NTN) 


Result Phase: None. 


RECALIBRATE 


This two-byte command retracts the РОО read/write head to the 
Track 0 position. The DDFDC clears the contents of the PTN 
counters, and checks the status of the Track 0 signal from the 
FDD. As long as the Track 0 signal (TRKO) is low, the direction 
signal (LCT/DIR) output remains low and step pulses are issued 
on FR/STP. When TRKO goes high the DDFDC sets the Seek 
End (SE) flag in STO to a 1 and terminates the command. If the 
TRKO is still low after 256 step pulses have been issued, the 
DDFDC sets Seek End (SE) and Equipment Check (EC) flags in 
STO to 1s, sets bits 7 and 6 of STO to 0 and 1, respectively, and 
terminates the command. 


The ability to do overlap Recalibrate соттага$ to multiple FDDs 


and the loss of the RDY signal, as described in the Seek com- 
mand, also applies to the Recalibrate command. 


Command Phase: 


Е 
| ay ar x 5 


Result Phase: None. 
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SENSE INTERRUPT STATUS 


Interrupt Request (IRQ) is asserted by the DDFDC when any of 
the following conditions occur: 


1. Upon entering the result phase of: 
. Read Data command 
. Read a Track command 
. Read ID command 
. Read Deleted Data command 
. Write Data command 
Format a Track command 
. Write Deleted Data command 
‚ Scan commands 
Ready (RDY) line from the FDD changes state 
3. Seek or Recalibrate command termination 


4. During execution phase in the Non-DMA mode 


re nro ao op 


N 


ТАО caused by reasons 1 and 4 above occur during normal 
command operations and are easily discernible by the processor. 
During an execution phase in Non-DMA mode, bit 5 in the MSR 
is set to 1. Upon entering result phase this bit is set to 0. Reasons 
1 and 4 do not require the Sense Interrupt Status command. The 
interrupt is cleared by reading or writing data to DDFDC. inter- 
rupts caused by reasons 2 and 3 are identified with the aid of 
the Sense Interrupt Status command. This command resets IRQ 
and sets/resets bits 5, 6, and 7 of STO to identify the cause of 
the interrupt. Table 7 defines the seek and interrupt codes. 


Neither the Seek or Recalibrate command has a result phase. 
Therefore, it is mandatory to use the Sense Interrupt Status com- 
mand after these commands to effectively terminate them and 
to verify where the head is positioned by checking the Present 
Track Number (PTN). 


Issuing a Sense Interrupt Status command without an interrupt 
pending is treated as an invalid command. 


Command Phase: 
| mw [ете [т [е | 5 |ајзј2г | 1 | v | 
| ~ | " [о [о [о о. [о[о [о | 


Result Phase: 


R 1 Status Register 0 (STO) 
2 Present Track Number (PTN) 


SPECIFY 


The three-byte Specify command sets the initial values for each 
of the three internal timers. The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the 
read/write commands to the head unload state. This timer is pro- 
grammable from 16 to 240 ms in increments of 16 ms (t = 16 ms, 
2 = 32 ms,...F = 240 ms). 


The Step Rate Time (SRT) defines the time interval between adja- 
cent step pulses. This timer is programmable from 1 to 16 ms in 
increments of 1 ms (Е = 1 ms, E = 2 ms, D = 3ms,.. .0 = 16 ms. 


The Head Load Time (HLT) defines the time between the Head 
Load (HDL) signal going high and the start of the read/write oper- 
ation. This timer is programmable from 2 to 254 ms in increments 
of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms,.. .7F = 254 ms). 


The time intervals are a direct function of the clock (CLK on pin 19). 
Times indicated above are for an 8 MHz clock. If the clock is 
reduced to 4 MHz (mini-floppy application) then all time intervals 
are increased by a factor of two. 


The choice of DMA or Non-DMA operation is made by the Non- 
DMA mode (ND) bit. When this bit = 1 the Non-DMA mode is 
selected, and when ND = 0 the DMA mode is selected. 


Command Phase: 


SRT — Step Rate Time 
HUT — Head Unload Time 
HLT — Head Load Time 
ND — Non DMA mode 


Result Phase: None. 


Table 7. STO Seek and Interrupt Code Definition for Sense Interrupt Status 


Status Register 0 (STO) Bits 


Seek End (SE) 


Cause 


RDY line changed state, either polarity 


2-151 


Normal termination of Seek or Recalibrate command 


— 


Abnormal termination of Seek ог Recalibrate command 
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SENSE DRIVE STATUS 


This two-byte command obtains and reports the status of the FDDs. 
Status Register 3 (573) is returned in the result phase and соп- 
tains the drive status. 


Command Phase: 


вм }|вүтЕ| 7 | е | 5 |4|3[2|[ 1 | o 
m 1 о [0 [0 ГЕ о | о 
2 | x x | x [x] x] HD | ust | uso 


Result Phase: 
R 1 


Status Register 3 (ST3) 


INVALID COMMAND 


If an invalid command (i.e., a command not previously defined) 
is received by the DDFDC, then the DDFDC terminates the com- 
mand after setting bits 7 and 6 of STO to 1 and 0, respectively. The 
DDFDC does not generate an interrupt during this condition. Bits 
6 and 7 (DIO and RQM) in the MSR are both set to a 1 indicating 
10 the processor that the DDFDC is in the result phase and that 
STO must be read. A hex 80 in STO indicates that an invalid com- 
mand was received. 


A Sense Interrupt Status command must be sent after a Seek or 
Recalibrate interrupt, otherwise the DDFDC considers the next 
command to be an invalid command. 


In sorne applications the user may wish to use this command as 
а No-Op command, to place the DDFDC in a standby or по opera- 
tion state. 


Command Phase: 


rw [вите | 7 |e[s]a[s]2| 1] o 
Ww 1 Invalid Codes 

Result Phase: | 

| В | 1 | Status Register С (STO) = B0 


PROCESSOR INTERFACE 


During the cornmand or result phases, the Main Status Register 
(MSR) must be read by the processor before each byte of infor- 
rnation is transferred to, or from, the DDFDC Data Register. After 
each byte of data is written to, or read from, the Data Register, 
the processor should wait 12 из before reading the MSR. Bits 6 
and 7 in the MSR must be a 0 and 1, respectively, before each 
command byte can be written to the DDFDC. During the result 
phase, bits 6 and 7 of the MSR must both be 1s prior to reading 
each byte from the Data Register onto the data bus. Note that 
this status reading of bits 6 and 7 of the MSR before each byte 
transfer to and from the DDFDC is required in only the command 
and result phases and not during the execution ^hase. 
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During the result phase all bytes shown in “he result phase must 
be read by the processor. The Read Data command, for example, 
has seven bytes of data in the result phase All seven bytes must 
be read to successfully complete the Read Data command. The 
DDFDC will not accept a new command until all seven bytes have 
been read. Other commands may require fewer bytes to be read 
during the result phase. 


INTERRUPT REQUEST MODE 


During the execution phase, the MSR need not be read. The 
receipt of each data byte from the FDD is indicated by IRQ low 
on pin 18. When the DDFDC is in Non-DMA mode, IRQ is 
asserted during the execution phase. When the DDFDC is in the 
DMA mode, the IRQ is asserted at the result phase. The IRQ 
signal is reset by a read (R/W high) or write (R/W low) of data 
to the DDFDC. A further explanation of the IRQ signal is described 
in the Sense Interrupt Status command on page 16. If the system 
cannot handle interrupts fast enough (within 13 «s for MFM mode 
or 27 ys for FM mode), it should poll bit 7 (RQM) in the MSR. 
In this case, НОМ in the MSR functions as an Interrupt Request 
(IRQ). If the НОМ bit is not set, the Over Run (OR) flag in ST1 
will be set to a 1 and bits 7 and 6 of STO will be set to а 0 and 
1, respectively. 


DMA MODE 


When the DDFDC is in the DMA mode (ND = 0 in the third com- 
mand byte of the Specify command), TXFiQ (ОМА Request) is 
asserted during the execution phase (rather than IRQ) to request 
the transfer of a data byte between the data bus and the DDFDC. 


During a read command, the DDFDC asserts TXRQ as each byte 
of data is available to be read. The DMA controller responds to 
this request with DACK low (DMA Acknowledge) and R/W high 
(read). When DACK goes low the DMA Request is reset 
(TXRQ low). After the execution phase has been completed 
(DONE low or the EOT sector is read), IRQ is asserted to indicate 
the start of the result phase. When the first byte of data is read 
during the result phase, IRQ is reset high. 


During a write command, the DDFDC asserts TXRQ as each byte 
of data is required. The DMA controller responds to this request 
with DACK low (DMA Acknowledge) arid RW low (write). 
When DACK goes low the DMA Request is reset (TXRQ low). 
After the execution phase has been completed (DONE low or 
the EOT sector is written), IRQ is asserted. This signals the begin- 
ning of the result phase. When the first byte of data is read dur- 
ing the result phase, the ІНО is reset high. 


FDD POLLING 


After the Specify command has been received by the DDFDC, 
the Unit Select lines (USO and US1) begin the polling mode. 
Between commands (and between step pulses in the Seek Com- 
rnand) the DDFDC polls all the FDD's looking for a change in 
the RDY line from any of the drives. If the RDY line changes state 
(usually due to the door opening or closirig) then the DDFDC 
asserts IRQ. When Status Register 0 (STO) is read (after Sense 
Interrupt Status command is issued), Not Ready (МВ = 1) will 
be indicated. The polling of the RIDY line by the DDFDC occurs 
continuously between cornmands, thus notifying the processor 
which drives are оп- or off-line. Each drive is polled every 1.024 ms 
except during read/write cammands. 
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DATA IN/OUT 

(DIO) | 

(MSR ВТ 5) FROM DATA BUS ТО DDFDC 
REQUEST | || 
FOR MASTER _ „2520 | || 
(КОМ) | нот | | 

(MSR BIT 7) | [READY | Га | op ! [ope 4 


ENABLE (92) Ba Seed 
| | | | | | 


| 
READ/ _ 1 H рр |! 
МАТЕ (АЛ) | | | ЖЖ a | 


[А] DATA REGISTER READY TO BE WRITTEN INTO [€] DATA REGISTER READY FOR NEXT DATA BYTE ТО BE READ 
DATA REGISTER NOT READY TO BE WRITTEN INTO [D] DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ 


FROM DDFDC TO DATA BUS 


NOTES 


1 


Figure 3. DDFDC and System Data Transfer Timing 
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TXRQ 


DACK 


DONE 


Figure 8. DMA Operation Timing 


WRITE CLOCK 


(WCK) 6 
23) 
WRITE ENABLE 
(WE) 


PRESHIFT 0 OR 1 
(PSO, PS1) 


WRITE DATA 
(WDA) 


Figure 9. FDD Write Operation Timing 


READ DATA 
(RDD) 


READ DATA WINDOW 
(RDW) 


NOTE: 
EITHER POLARITY DATA WINDOW IS VALID 


Figure 10. РОО Read Operation Timing 
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__ SEEK 
(RW/SEEK) 
DIRECTION 
(LCT/DIR) 
STEP 
(ЕН/5ТР) 
Figure 11. Seek Operation Timing 
FAULT RESET INDEX 
(FR) (IDX) 


Figure 12. Fault Reset Timing Figure 13. Index Timing 


DONE RESET 


Figure 14. DONE Timing Figure 15. RESET Timing 


TEST POINT 


INPUT/OUT TEST POINT 


2.0V ^/ 2.0V 24V 7/ 2.4N 


0.8V 


0.8V 


0.65У 0.65У 


INPUTS ARE DRIVEN АТ 2.4V FOR А LOGIC “1” AND 0.45 V FOR CLOCKS ARE DRIVEN АТ 3.0V FOR А LOGIC “1” AND 0.3V FOR А 
A LOGIC “0? TIMING MEASUREMENTS ARE MADE АТ 2.0V FOR LOGIC "0: TIMING MEASUREMENTS ARE MADE AT 2.4V FOR А 
A LOGIC “1” AND 0.8V FOR A LOGIC “0? LOGIC “1” AND 0.65V FOR A LOGIC "0? 


Figure 16. AC Timing Measurement Conditions 
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AC CHARACTERISTICS 
(Veo = 50 Міс +5%, Vss = 0 Мас, ТА = 0°C to 70°C) 


Ref. | Test 
Fig. | No. Characteristic Symboi | Ait. Sym. Min. Typ. Max. Unit | Conditions 
1 lem Period icy n 120 125 7500 | ns CLK = 8 MHz 
5 2 | Clock High, Low Width toa Фо 80 125 = ns 
3 | Clock Rise Time ісісн $r — — = {ns | 
| 4 | Clock Fall Time toner Ф - - = ШІ: 
5 | 02 Clock Cycle Time ссу tocy 500 — = As 
6 | 92 Clock Low m toc. 20 | — = [з 
7 | 92 Clock High сн сн 220 - — ns 
М , se Setup Time | __| twon tas 70 | -- р — __| пз C, = 100 pF 
7 9 | Address Hold Time | АХ tan 10 — = ns 
10 | Data Access Time ___ {дуру (Асс — — _ 250 ns 
| 11 | Data Setup Time | (рус. tos 60 — шш Г ns 
12 12 | Data Hold ЗАХОХ ton 10 — — ns 
” — - — 
ae Setup to 92 High | тусн бен 120 | == | ns | 
14 | ТХРО Setup to 02 Low түсі. trei 210 - = ns 
15 | тхва Hold from 92 High tox | trun о | Z = [ns 
8 | 16 | TXRQ Hold from 02 Low tourx mI 10 - _— па | CLK = 8 MHz 
17 | РАСК Delay Time ам | Мо — - __150 “ns 
(718 | БАСК Hold Time лан | tan ЕНІ 30 m d. - [us 
19 | DONE Delay Time ісір top -- - _ 210 uS 
21 | МСК Cycle Time (су [= note 1 = из —] 
WCK High Width m | % 80 | 250 | 350 | as | 
WCK Rise Time tr — - 20 ns 
WCK Ға! Time l D - — [| æ [ns 
9 WCK High to Р50, PS1 Valid (Delay) top 20 - ІШ 100 ns 
26 | PSO, PS1 Valid їо WDA High (Delay) top 20 — | 100 hs 
27 | WDA High Width | оно | (мор мсн —50 = = "ns 
L 28 | WE High to WCK High ог WE Low to WCK Low єнкн МЕ 20 - _ 100 ns | 
30 | RDW Cycle Time twey twey - поје 2 - ГЕ) 
wo | ари Valid to RDD High (Setup) уян | twp 15 | Z = "ns 
32 | RDD Low to RDW Invalid (Hold) "T" teow 15 _| - = ms | 
33 | RDD High Width | tRHAL trop 40 = = ns 
35 | USO, US1 Valid to SEEK High (Setup) tuvsH tus 2 | - = m 
36 | SEEK Low to USO, 051 Invalid (Hold) EE" tsu 5 | — = us 
37 | SEEK High to DIR Valid (Setup) isupv m 7 = | = jas 
"EE [ов Invalid to SEEK Low (Hold) toxsi ips 30 — —— L5 | ак-вмњ 
39 | DIR Valid to STP High (Setup) Ірутн tost 1 1 - = uS 
40 | STP Low to DIR invalid (Hold) trix m 24 — - us 


L 
Га STP Low to 050, 051 Invalid (Hold) _ 


42 | STP High Width 


43 | STP Cycle Time 


12 44 | FR High Width 


13 | 45 | IDX High Width 


trey “с 333 - ‘note 3 
НЕ. ter 8 = 10 


14 46 | DONE Low Width 


15 47 | RES Low Width 


Notes: | 

1. | МЕМ Mini Standard | 
[о 4 us 2us | 
| 1 248 1 5 | 


2. For МЕМ = 0: Тур. 
Рог МЕМ = 1: Тур. 


3. tsc = 33 us min. is for different drive units. In the case of the same unit, 
tsc can range from 1 ms to 16 ms with 8 MHz clock period, and 2 ms 
to 32 ms with 4 MHz clock, under software control. 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter 


Supply Voltage 


Input Voltage | Vin 


Vout 


| -0.3 to +7.0 | v 


v | 


– 0.310 +7.0 


Output Voltage 


Operating Temperature Range 
Storage Temperature Range —55to +150 


OPERATING CONDITIONS 


Voc Power Supply 


Operating Temperature 


5.0V +5% 
0°C to 70°C 


DC CHARACTERISTICS 


Double-Density Floppy Disk Controller (DDFDC) 


*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in other sec- 
tions of this document is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect device 
reliability. 


(Voc = 50 Мас +5%, Vss = 0 Мас, T4 = 0°C to 70°C, unless otherwise noted) 


Max Unit Test Conditions 
Input Low Voltage V 
Logic 08 
CLK and WCK -05 0.65 
Input High Voltage У 
Logic 20 Усс + 05 
CLK and WCK 24 Усс + 05 
0:45 Voc = 4.750, lg, = 20 mA 
L Output High Voltage Voc M Voc = 475V, lg, = -200 „А 
Voc Supply Current 150 mA Voc = 475V 
Input Load Current 10 ҺА Vin = Усс 
All Inputs -10 pA Vin = ОМ 
High Level Output Leakage Current он 10 ҺА Veco = OV to 5.25V, Vss = OV 
Vout = Мос 
F——————— 
Low Level Output Leakage Current ог -10 ҺА Мос = OV to 5.25V, Veg = OV 
Vout = 4045V 
Internal Power Dissipation Рат 10 уу ТА = 25°С 


CAPACITANCE 

(ТА = 25°C; f, = 1 MHz; Vec = OV) 
Parameter Symbol Max Limit Unit | 
Clock Input Cio) 


Input 


EC MES DE UNE Бе 20] 


Note: All pins except pin under test tied to ground. 
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PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP 


MILLIMETERS] INCHES 
MIN | MAX | MIN | MAX 
50.29 | 51.31 | 1.960 | 2.020 
14.86 | 15.62 | 0.565 | 0.615 | 
2.54| 4.19 | 0.100 | 0.165 
0.38 | -0.53 | 0.075 | 0.021 
1.40 | 0.030 | 0.055 


| 0.20| 0.33 | 0.008 | 0.013 
2.54 | 4.19 | 0.100 | 0.165 
||| | | ІІІ | N 14.60 | 15.37 | 0:575 | 0.605 
БЕГІН 6° [10° | 09 | 10° 
"A не PARES „| к 
а 


Ay M- 0.51 | 1.52 | 0.020 | 0.060 


sr el al al 
о 
~ 
o 


40-PIN PLASTIC DIP 


MILLIMÉTERS[ "INCHES 
i rae 
51.28 | 52.32 | 2.040 | 2.060 
1372 | 14.22 | 0.540 | 0.560 
355] 5.08 [0.140 | 0.200 
Е 51 [0.014 | 0.020 


s 
= 
Е 
= 
= 
> 
х 


ojojoj» 
2o 

8 

e 

2 


Е | 1.02] 31.52 [0.040 | 0.060 

[6 | 254В5С | o-o0BsC 

H | 165] 2.16 [0.065 | 0.065 

J | 020| 0.30 [0.008 | 0.012 

к | 305] 3.56 [0.120 | 0.140 

[HET Ш L | 15.24BSC | 0.600 BSC 

M [| 7* [ 10° | 7° | 109 

74 е Leip ШЕРА м | 051[ 1.02 [0.020 | 0.040 
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R6592 


SINGLE-CHIP PRINTER CONTROLLER 


INTRODUCTION 


The Rockwell R6592 is a single-chip printer controller for 
eight different EPSON* dot-matrix impact printers, models 
210, 220, 240, 5111, 512, 522, 5411, and 542. The R6592 
offers the flexibility to support any of these models with a 
minimum of circuitry. Generation of 96 standard ASCII 
upper and lower case characters and 6 special characters 
is provided. In addition, up to 10 ASCII control commands 
are accepted, depending upon the printer. Logic is included 
in the R6592 to print up to 26 columns on the 210, 220, 
and 240 models, and up to 40 columns on the 511L, 512, 
522, 541L and 542 models. 


Input data may be selected to be in the RS-232 serial for- 
mat with selectable baud rate from 50 to 7200 bits/second 
or the parallel format. External circuitry is required to con- 
vert RS-232 logic levels 10 R6592 interface logic levels. An 
external latch may be required for the R6592 to sample 
parallel data. If both selectable serial and parallel data inter- 
face capability is desired, two external multiplexers are 
required; one to combine four serial baud select lines and 
four parallel data interface lines into four R6592 input lines 
and the other to combine two serial data/control lines and 
two parallel control lines into two other R6592 input lines. 


“EPSON is a trade name of Shinshu Seiki Co., Ltd., а 
member of the Seiko Group. EPSON printers are distributed 
in the United States by C. Ноћ Electronics, Inc. The R6592 
meets the printer specifications listed in this data sheet. 


FEATURES 

* Controls EPSON Dot-Matrix Impact Printers: 
Model 210 Model 512 
Model 220 Model 522 
Model 240 Model 541L 
Model 511L Model 542 


* Minimal Support Circuitry Required 
* On-Chip 5 x 7 Dot-Matrix Character Generation 


* 96 Standard Upper and Lower Case ASCII Characters 
(7 Bit Code) 


• Six Special ASCII Characters (7 Bit Code) 
@ Up to 10 ASCII Commands Accepted (Printer Dependent) 
* Selectable Serial or Parallel Input Data Operation 


* Centronics Standard Parallel Interface 
— Seven Data Lines Plus Data Strobe and Input Drive 
Input 
— Busy and Acknowledge Output 
e RS-232C Serial Interface 
— Baud Rate from 50 to 7200 Bits per Second 
— Received Data and Data Set Ready Input 
— Data Terminal Ready Output 


е Single + 5V + 10% power supply 
€. 40 pin plastic or ceramic DIP 
* 1 MHz operation (2 MHz external crystal) 


VCC (4 5 Vdc) 
RES 
PTR TIM 


PCL1 DS/RSD 

NC SER SEL 
РМ1 РАТ 
ЗЕЯ ОЕТ РМ2 
АСК РМЗ 


ос ч о лљоћ = 


BUSY/DTR 


RR 


XTLI 10 RL/RL 

XTLO 11 vcc 
vss 12 DL1 
MDS 13 DL2 
Р57 14 27 DL3 
Р56 15 26 DL4 
Pss 16 25 DLS 
PS4 17 24 DL6 
PS3 18 23 DL7 
PS2 19 22 INP/DSR 
PS1 20 SER CLK 


R6592 Pin Configuration 


send 


Document No. 29000D58 


Data Sheet Order No. D58 


Rev. 1, August 1983 
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SERIAL 
INTERFACE 
(RS 232) 


SERIAL 
INTERFACE 
LOGIC 


PARALLEL 


PARALLEL 
INTERFACE 


LOGIC INPUT 


2 MHZ ^ 
CRYSTAL 


SERIAL/ 


PARALLEL 


CHARACTER 
PREBUFFER 


CHARACTER 


NON-PRINT 
COMMAND 
CONTROL 


MAGNET 
DRIVERS 


MOTOR 
DRIVE 
CIRCUIT 


PRINTER 
MOTOR 
CONTROL 


CONSTANT 
CURRENT 
SOLENOID 
DRIVER 


PRINT HEAD 
SOLENOID 
CONTROL 


JL 


PARALLEL TIMING & i E 
SELECT DIRECTION 8 
MONITOR 
RESET LINE DATA 

SWITCH BUFFER PRINT 
SWITCH 
3 PRINTER 

MODEL 


R6592 Interface Diagram 


INTERFACE SIGNALS 


PRINTER SOLENOID 1 (PS1) 
PRINTER SOLENOID 2 (PS2) 
PRINTER SOLENOID 3 (PS3) 
PRINTER SOLENOID 4 (PS4) 
PRINTER SOLENOID 5 (Р55) 


PRINTER SOLENOID 6 (PS6 


— 


Active low output signals used to command seven constant 
current print head solenoid drivers. When low, the respec- 
tive solenoid will be energized to print a dot; and when 
high, the solenoid will be de-energized to not print a dot. 
Each solenoid tine corresponds to a dot position on the 
seven row print head. Line PS1 corresponds to the top dot 
and PS7 corresponds to the bottom dot. The output lines 
are activated by the positive edge of the timing signal 
(ТІМ). Тһе ТІМ signal should also be used to gate PS1 
through PS7 to the current drivers and to de-energize the 
current driver inputs within 600+ 20 psec of the start of the 
TIM signa! by means of a one-shot flip-flop. 


PRINTER CONTROL LINE 1 (PCL1) 
PRINTER CONTROL LINE 2 (PCL2) 
PRINTER CONTROL LINE 3 (PCL3) 


Active low output control lines used to issue various non- 
print commands to the printer. These lines are inputs to 
* 24V drivers. When low, these lines cause magnets to be 
energized in the printer; when high, the magnets are to be 
de-energized. These lines are assigned to specific signals 
depending upon printer model: 


R6592 Signal Name 
Printer = - 
Моде! PCL1 PCL2 PCL3 

= 3 | 

210 МА Рарег Рееа Change Color 
220 Paper Feed (А) | Paper Feed (L) 
240 NA Paper Feed Slip Release 
511. | NA Paper Feed NA 
512 NA Paper Feed NA 
522 Paper Feed (В) | Paper Feed (1) | Stamp and Cut Paper 
541L | NA Paper Feed Paper Release 
542 NA Paper Feed Paper Release 
NA = Not Assigned 


TIMING (ТІМ) __ 
RESET LEFT (RL/RL) 
RESET RIGHT (RR) 
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ecc a et dad 


Input signals used to indicate print cycle Timing. The R6592 
initiates a print cycle on the leading edge (positive transi- 
tion) of the TIM signal information to the R6592. The RESET 
signals are active low for the 500 series (RR and RL) and 
are active high for the 200 series (RL). The printer timing 
and reset lines are assigned as follows: 


R6592 Signal 
Printer — 
RL/RL RR 
T Detector R Detector (RL) NA 
220 T Detector R Detector (RL) NA 
240 T Detector R Detector (RL) NA 
511L | Timing Signal | Reset Signal R-L | NA 
(RL) 
512 Timing Signal | Reset Signal R-L | Reset Signal А-А 
(RL) (RR) 
522 Timing Signal | Reset Signal R-L | Reset Signal R-R 
(А0) (РА) 
541. | Timing Signal | Reset Signal R-L | МА 
(RL) 
542 Timing Signal | Reset Signal R-L | Reset Signal R-R 
(AL) (RR) 


See Detail Timing Diagrams in Printer Specifications. 


MOTOR DRIVE SIGNAL (MDS) 


Active low output signal used to control application of power 
from a driver circuit to the printer motor. When high, the 
motor drive is turned off and when low, the motor drive is 
turned on. The driver circuit for the 500 series must supply 
10 to 30 ma at TTL levels. The driver circuit for the 200 
series must additionally provide motor braking. 


PRINTER MODEL 1 (PM1) 
PRINTER MODEL 2 (PM2) 
PRINTER MODEL 3 (PM3) 


Encoded input lines used to determine which printer model 
is connected to the R6592. A connection to GND (low) 
causes “0” to be read. An open input (high) causes logic 
“1” to be read. The encoding for the printer model is: 


Printer Model Line 


Printer 
Model 


v 
= 
о 
v 
= 
= 


РМ2 


n 

5: 

zi 

= 
== оооо 
=-оо--оо 
-0-0-0-0 


PRINT (РАТ) 


Active low input line used to command R6592 to print a 
line. When low (GND) print commands will continue to be 
issued. If the print buffer is partially filled, a line will be 
printed. Line feeds will subsequently be issued while PRT is 
low. When high (open), print commands will not be issued. 
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Active high input line used to indicate the desired data trans- 
mission mode to the R6592. When high (open), input data 
will be received and processed Кот the serial interface 
(RS-232C). When low (GND), input data will be received and 
processed from the parallel interface (Centronics). 


If both transmission modes are to be implemented (but not 
simultaneously), the SER SEL line should be used to select 
either зена! or parallel signals through multiplexer circuits. If 
either serial or parallel data transmission is exclusively 
used, multiplexing of the indicated serial/parallel signals is 
not required. 


DATA LINE 1/BAUD RATE 1 (DL1/BR1) 

DATA LINE 2/BAUD RATE 2 (DL2/BR2) 

DATA LINE 3/BAUD RATE 3 (DL3/BR3) 

DATA LINE 4/BAUD RATE 4 (DL4/BR4) 

Active high input signals used as parallel data lines if paral- 
lel data transfer mode is selected, or used as baud rate 
select lines if serial data transfer mode is selected. 


If parallel data transfer mode is selected (SER SEL = low) 
these lines represent four of the seven total data lines (see 
below). DL1/BR1 represents the least significant bit when 
АЗС! characters are decoded. || serial data transfer mode 
is selected (SER SEL = high), the data transfer baud rate 
in bits per second is: 


Data Line/Baud Rate Line 
Baud DL4/BR4 DL3/BR3 DL2/BR2 DL1/BR1 
50 0 0 0 0 
75 0 0 0 1 
110 0 0 1 0 
135 0 0 1 1 
150 0 1 0 0 
300 0 1 0 1 
600 0 1 1 0 
1200 0 1 1 1 
1800 1 0 0 0 
2400 1 0 0 1 
3600 1 0 1 0 
4800 1 0 1 1 
7200" 1 1 0 0 
Note: 1 = High (open), 0 = Low (GND). 
*Data cannot be sent to the R6592 while the print head is 
moving. 


DATA LINE 5 (DL3) 
DATA LINE 6 (DL4) 
DATA LINE 7 (065) 


Active high input signals used as data lines when parallel 
data transfer mode is selected (SER SEL = low). DL7 гер- 
resents the most significant bit (MSB) when ASCII charac- 
ters are decoded. Not used when serial data transfer mode 
is selected (SER SEL = high). 


#6592 


INPUT PRIME (IP)/DATA SET READY (DSR) 


Input line multiplexed between a parallel communications 
contro! line (INPUT PRIME) and a serial! communications 
control line (DATA SET READY). 


И the parallel data transfer mode is selected (SER SEL = 
low), this line is assigned to INPUT PRIME (ІР). When 
IP/DSR is high, the R6592 issues prints commands to the 
printer in а normal fashion. When IP/DSR is low, the R6592 
will disable printing. This line can, therefore, be used as a 
print disable line to selected printers in a multiprinter sys- 
tem. 


If the serial data transfer mode is selected (SER SEL 
high), the line is assigned to DATA SET READY (DSR). 
When high, DSR indicates that the transmitter is operative 
and the R6592 will accept data. When low, DSR indicates 
that the transmitter is not ready to operate and the R6592 
will not accept serial data. 


DATA STROBE (DS)/RECEIVED SERIAL DATA (RSD) 


input line multiplexed between a parallel communications 
control line (DATA STROBE) and the serial communications 
data line (RECEIVED SERIAL DATA). 


№ the parallel data transfer mode is selected (SER SEL - 
low), this line is assigned to the DATA STROBE (DS). 
When DS goes low, the R6592 detects the negative transi- 
tion, and samples the data on the parallel data lines. The 
data must be present on the data lines for at least 50 psec 
after DS goes low. 


If the serial data transfer mode is selected (SER SEL = 
high), the line is assigned to RECEIVED SERIAL DATA 
(RSD). The data is processed in accordance with the selected 
baud rate. The data must by converted from RS-232 logic 
levels to R6592 logic levels. The R6592 logic state is inverted 
from RS-232 logic state. 


BUSY DATA TERMINAL READY (BUSY/DTR) 


Output line multiplexed between a parallel! communication 


contro! line (BUSY) and a serial communication control line 
(DATA TERMINAL READY). 


Н the parallel data transfer mode is selected (SER SEL = 
low), this line is assigned to BUSY. When high, BUSY indi- 
cates that the R6592 cannot receive data. When low, BUSY 
indicates that the R6592 is ready to receive data. BUSY is 
switched high during character print and while non-print 
commands are being processed. 


If the serial data transfer mode is selected (SER SEL — 
high), this line is assigned to DATA TERMINAL READY 
(DTR). When high, DTR indicates that the R6592 cannot 
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receive data. When low, DTR indicates that the R6592 is 
ready to receive data. ОТН is switched high during character 
print and while non-print commands are beirig processed. 


ACKNOWLEDGE (ACK) 


Active low output signal used to inform the parallel data trans- 
mitter that an input character Наз been received. АСК is 
switched low for 5 џзес to indicate receipt of a character. 


SERIAL CLOCK. (SER CLK) 


A bi-directional line used to detect the start of the received 
serial data and to then clock in the serial data bits. When 
DET ENA is low, this line monitors the input serial data 
stream for the start bit. When the leading (falling) edge of 
the start bit is detected, the DET ENA is switched high and 
this line is switched to an output. Output pulses are gener- 
ated on this line to clock the received serial data into the 
R6592 at the selected baud rate. 


SERIAL DETECT ENABLE (DET ENA) 

Active high output used to enable the received serial data 
onto the SER CLK line. Upon detection of the received 
serial start bit, this line is switched low to disable the 


received serial data from being placed on the ЗЕН CLK 
line. 


PRIMARY РОМЕН (VCC) 


R6592 primary power supply: 45V + 10%. Supplies power 
to CPU, ИО, timer and supporting circuitry. 


RAM POWER (VRR) 

R6592 RAM power supply: +5М = 10%. Supplies power to 
the interna! R6592 RAM. This line should be connected to 
VCC power supply. 

SIGNAL GROUND (VSS) 

R6592 power and signal ground. 

XTLI 

input from 2 MHz crystal. 

XTLO 

Output to 2 MHz crystal. 

RESET (RES) 

Active low signa! used to reset and inilialize the R6592. 
Must be held low for at least 8 usec after VCC reaches 


operating voltage and the clock frequency on XTLO has 
stabilized. 


R6592 Single-Chip Printer Controller 


e 


Standard 96 Character 5x7 Matrix Dot Patterns 


00090000 


gg 
је] 
ов 
ов 
om 
об 
са 


> 
м 


57 


EDOOBSO 
DocaDnos 


оообоои 
ровисос 
ONDODDD 
заварва 


воа 
090 ® 


ававасос 
9000 


kiss 

~ 
оп 
са 
ап 


в0000 


ossee 
ассос 


Бресја! 6 
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R6592 Internal Data Format for 7-Bit ASCII Table 
Character Look-Up 


7 6 5 4 3 2 1 0 
pana eo Goce 
y 8 7 3 2 
AN MSB LSB 
LSD 


Received Parallel Data 
Bit Assignments 


Received Serial Data 
Bit Assignments 


Data Value 


———— 


MSD For ASCII Table Loak-up 


М9 ————— о о 


ASCII 7-Bit Code Character Set Table 


MSD 0 Е 2 3 4 5. 6. 7 
150 | 000 001 | 010 011 100 101 110 111 
0 0000 SP 0 @ Р p 
1 0001 ӘСІ ! 1 A Q a q 
2 0010 DC2 s 2 B R b г 
3 0011 DCS3 # 3 с 5 с 5 
4 0100 DC4 $ 4 D T d t 
5 0101 % 5 Е 9 е u 
6 0110 & 6 F V f v 
7 0111 t 7 G уу 9 w 
8 1000 CAN ( 8 H X h x 
9 1001 ) 9 | Y i y 
A 1010 LF | ¥ i : Ј 2 | 2 
В 1011 УТ t + j K [ k { 
с 1100 БЕ 12 А < L \ | | 
D 1101 св ¢ = = M ] m } 
N 
E 1110 T . > N 1 n - 
F 1111 i / ? о = о DEL 
| LF — Line Feed САМ — Cancel | | 

УТ — Vertical Tabulation X  — Yen 

FF — Form Feed t — Pound 

CR — Carriage Return € — Cent 

DC1 — Device Control 1 12  — One-Half 

DC2 — Device Control 2 м. Мо Тах 

DC3 — Device Control 3 T 

0С4 — Device Control 4 д 4 Тах 

Note: Valid control commands аге dependent upon printer model. 
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PARALLEL DATA INTERFACE BUSY BUSY/DTR 
BUSY RET 
— = IP/DSR 
INPUT PRIME 


INPUT PRIME RET 


DATA STROBE 
DATA STROBE RET 


ACKNOWLEDGE 
ACKNOWLEDGE RET 


ыг 


ОАТА 1 
ОАТА 1 ВЕТ 


ОАТА 2 
DATA 2 RET 


*NOT REQUIRED IF PARALLEL DATA DATA 3 
18 HELD FOR 250 „5 AFTER LEADING DATA 3 RET 
EDGE OF DS OR UNTIL ACK 15 RECEIVED. 
DATA 4 
DATA 4 RET 


DATA 5 
DATA 5 RET 


DATA 6 
DATA 6 RET 


DATA 7 
DATA 7 RET 


DATA 8 
DATA 8 RET 


CENTRONICS PARALLEL INTERFACE 


R6592 INTERFACE 


PARALLEL DATA TIMING 


INPUT PRIME (IP) 


DATA STROBE (DS) 


148 
мін) — је 


50 5 (MIN)* | 
PARALLEL DATA (DL1-DL7) | | 


ae) кшн 


шй кера ag ET TN 


*OR UNTIL ACK IS RECEIVED. 


ACKNOWLEDGE (ACK) 
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SERIAL DATA INTERFACE DET ENA 
SER CLK 
21 
RECEIVED SERIAL | , DS/RSD re 
DATA (RSD) 
R6592 
IP/DSR 
DATA SET READY (DSR) бо 22 
+12V 
DATA TERMINAL READY (DTR) | 20 «I = 9 
| -12V { ; 
RS-232 INTERFACE R6592 INTERFACE 
SERIAL DATA TIMING 
ЫЙм— EA ERE 
DATA SET READY (DSR) 
------------------- 1-4--<---- 


- <m 
SERIAL DETECT ENABLE (DET ENA) | || 


SERIAL CLOCK (SER CLK) | | | | | | | | | | | | ТҮҮ 96 
tt 


7 BIT CODE DATA SAMPLES: | | | t | { 


RECEIVED SERIAL DATA (RSD) E ил ЕЕ a xx 


RECEIVED SERIAL DATA (RSD) | 1 ыы | 


ЗТААТ ВИТ = 
7 BIT CODE PARITY BIT AND 
RECEIVED DATA BITS ке а ЕШ 
DATA TERMINAL READY (ОТА) ў 
———————— —À J ІЯ я- 
————— —— —4 жалмады 
DATA TERMINAL READY (ОТА) 
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PRINTER INTERFACE SPECIFICATIONS 


The R6592 15 designed to meet the interface requirements 
stated in the following printer specification: 


Model-210 Impact Dot Matrix Mini-Printer (Preliminary) 
Rev. 4, AUGUST 30, 1978 


Model-220 Impact Dot Matrix Mini-Printer, 
SEPTEMBER 18, 1978 


Model-240 Impact Dot Matrix Mini-Printer, 
SEPTEMBER 18, 1978 


Model-511L Impact Dot Matrix Printer (Enlarged Character) 
Revision 1 JULY 13, 1978 


Model 512 Dot-Matrix Impact Printer (P512DF), 
APRIL 10, 1978 


Model 522 Dot-Matrix Impact Printer (P522DF), 
MARCH 1, 1978 


Model 541L Impact Dot Matrix Printer (Enlarged Character), 
Revision 1, July 19, 1978 


Model 542 Dot-Matrix Impact Printer (P542DF), 
MARCH 1, 1978 


For further printer information, contact: 


EPSON America, Inc. 
23844 Hawthorne Blvd. Ltd. 
Torrance, CA 90505 
Phone: (213) 378-2220 
TWX: 910-344-7390 


C. Itoh Electronics, Inc. 
5301 Beethoven Street 
Los Angeles, Calif. 90066 
Phone: (213) 390-7778 
Telex: WU 65-2451 


C. Itoh Electronics, Inc. 

280 Park Avenue 

New York, New York, 10017 
Phone: (212) 682-0420 
Telex: WUD-12-5059 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter Symbol Value Unit “NOTE: Stresses above those listed may cause permanent 
Supply Voltage Мес -0.3 t0 +70 Vde damage to the device. This is a stress rating only and functional 
наны Не operation of the device at these or any other conditions above 
input Voltage Мм -0:3 to Мос «0.3 | Vde | those indicated in the other sections of this document is not 
Output Voltage Vour -0.3 to Усс +0.3 | мас implied. Exposure to absolute maximum rating conditions for 
Operating Temperature TA °C extended periods may affect device reliability. 
Commercial 010 +70 
Industrial –40 10 +85 
Storage Temperature Tera – 55 to +150 °C 


STATIC DC CHARACTERISTICS 
{Усс = 5.0V +10%) 


Parameter ; Symbol Min. Typ. Max. Unit 
| i- 
Power Dissipation (Outputs High) Pp — 500 — mw 
| === | bea La z 
Input High Voltage (Normal Operating Levels) Мн +2.0 - Voc Vde 
Input Low Voltage (Normal Operating Levels} Vit -0.3 — | ж0.Е Мас 
Input Threshold Voltage Мт 0.8 - 2.0 Мас 
; Ш Е 
Input Leakage Current hin pAdc 
Ма = 0 to 5.0 Мас - +1.0 +2.5 
ја а RES | ІШ | 
Input High Voltage (ХТЦ) Мнхт +4.0 - Мес pL. Мас 
Input Low Voltage (XTLI) Vixr -0.3 = | +08 Мас 
input Low Current li 
(Му = 0.4 Мас) - -1.0 -1.6 mAdc 
j Lc. - 
Output High Voltage Vou 
(Vec = тіп, hoas = - 100 „Аас) 2.4 = - Мас 
Output Low Voltage Vor 
(Veo = тіп, оза = 1.6 MAdc) — = — 0.4 Мас 
Output High Current (Sourcing) lou 
(Мон = 2.4 Vdc) – 100 НЕЕ uAdc 
eves $ _ Е 
Output Low Current (Sinking) lo. 
(Мо = 0.4 Мас) 1.6 | - — mAdc 
Input Capacitance Cin pF 
(Vin - 0, Ta = 25°C, f = 1.0 MHz) 
Pins 2-9, 13-29 and 31-38 m — 10 
XTLI, XTLO — — 50 
Output Capacitance Cour 
(Vin ~ 0, ТА = 25°C, = 1.0 MHz) = = 10 pF 
Note: Negative sign indicates outward current flow, positive indicates inward flow. 
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DOT OR NOTCH 
TO LOCATE 
PIN NO. 1 


2.020 MAX 
(51.30 MM) 


21 


20 


жа: m 


0.600 MAX 
(15.24 MM) 


--- 


Single-Chip Printer Controller 


0.155 MAX 
(3.93 MM) 


0.310 MAX 
(7.97 MM) 


NM ad 


(1.65) 0.100 MIN 
(1.01) (2.54 MM) 
(0.55) 0.022 0.010 MIN 
(645) 0.016 ТҮР. (0.25 ММ) 


(1.910) (48.51 ММ) 
(1.990) (48.00 ММ) 


19 EQUAL SPACES 
0.100 ф TOL NONCUM. 
(2.54 MM) 


NOTE: PIN NO. 1 IS IN LOWER LEFT CORNER WHEN SYMBOLIZATION IS IN NORMAL ORIENTATION. 
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R65560 


PRELIMINARY 


DESCRIPTION 


The R65560 Muiti-Protocol Communications Controller (MPCC) 
interfaces a single serial communications channel to a 6500/ 
6800 microcomputer-based system using either asynchronous 
or synchronous protocol. High speed bit rate, automatic format- 
ting, low overhead programming, elght character buffering, and 
two channel DMA interface optimize MPCC performance to take 
full advantage of the 6500/6800 processing capabilities. 


In synchronous operation, the MPCC supports bit-oriented 
protocols (BOP), such as SDLC/HDLC, and character-oriented 
protocols (COP), such as IBM Bisync (BSC) in either ASCII or 
EBCDIC coding. Formatting, synchronizing, validation and error 
detection is performed automatically in accordance with protocol 
requirements and selected options. Asynchronous (ASYNC) and 
isochronous (ISOC) modes are also supported. In addition, 
modem interface handshake signals are available for general 
use. 


Control, status and data are transferred between the MPCC and 
the microcomputer bus via 19 directly addressable registers and 
a DMA interface. Two first-in first-out (FIFO) registers, address- 
able through separate receiver and transmitter data registers, 
each buffer up to eight characters at a time to allow more CPU/ 
MPU processing time to service data received or to be 
transmitted and to maximize bus throughput, especially during 
DMA operation. The two-channel Direct Memory Access (DMA) 
interface operates with the MC6844 DMA Controller. 


An on-chip oscillator drives the internal baud rate generator 
(BRG) and an external clock output with an 8 MHz input crystal 
or clock frequency. The BRG, in conjunction with two selectable 
prescalers and 16-bit programmable divisor, provides a data bit 
rate of DC to 4 MHz. 


ORDERING INFORMATION 


Part Number Frequency Temperature Range 
R65560 . 4 MHz 0912 (о 70°C 
Package: С = Ceramic 
P = Plastic 


Document No. 29651N50 


FEATURES 
е Full duplex synchronous/asynchronous receiver and transmitter 


* Fully implements IBM Binary Synchronous Communications 
(BSC) in two coding formats: ASCII and EBCDIC 


• Supports other synchronous character-oriented protocols 
(COP), such as six-bit BSC, 3.28, ISO 151745, ЕСМА-16, 
etc. 


e Supports synchronous bit-oriented protocols (BOP), such as 
SDLC, HDLC, Х.25, etc. 


e Asynchronous and isochronous modes 
• Modem handshake interface 
® High speed serial data rate (DC to 4 MHz) 


* Internal oscillator and Baud Rate Generator (BRG) with pro- 
grammable data rate 


• Crystal ог TTL level clock input and buffered clock output 
(8 MHz) 


* Direct interface to 6500/6800 microprocessor bus 
* Eight-character receiver and transmitter buffer registers 


* 19directly addressable registers for flexible option selection, 
complete status reporting, and data transfer 


* Maskable interrupt conditions for receiver, transmitter and 
serial interface 


* Programmable microprocessor bus dala transfer: polled, 
interrupt and two-channel DMA transfer compatible with 
MC6844 


* Clock control register for receiver clock divisor and receiver 
and transmitter clock routing 


* Selectable full/half duplex, autoecho and local loop-back 
modes 


* Selectable parity (enable, odd, even) and CRC (control field 
enable, CRC-16, CCITT V.41,, VRC/LRC) 
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Figure 1. MPCC Block Diagram 
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PIN DESCRIPTION 


Throughout the document, signals are presented using the terms 
active and inactive or asserted and negated independent of 
whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. RW 
indicates a write is active low and a read active high. 


А0- A4—Address Lines. А0 — A4 are active high inputs used 
in conjunction with the CS input to access the internal registers. 
The address map for these registers is shown in Table 1. 


00 – D7—Data Lines. The bidirectional data lines transfer data 
between the MPCC and the CPU, memory or other peripheral 
device. The data bus is tri-stated when CS is inactive. (See 
exceptions in DMA mode.) 


CS—Chip Select. CS low selects the MPCC for programmed 
transfers with the host. The MPCC is deselected when the CS 
input is inactive in non-DMA mode. 


R/W—Read/Write. R/W controls the direction of data flow 
through the bidirectional data bus by indicating that the current 
bus cycle is a read (high) or write (low) cycle. 


92--Рһаве 2. During a write (R/W low), the 02 negative transition 
latches data on data bus lines DO – D7 into the MPCC. During 
aread (R/W), 02 high enables data from the MPCC to data bus 


iRQ—interrupt Request. The active low IRQ output requests 
interrupt service by the CPU. IRQ is driven high after assertion 
prior to being tri-stated. 


TDSR—Transmitter Data Service Request. When Transmitter 
DMA mode is active, the low TDSR output requests DMA service. 
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SL ME S S 


RDSR-—Receiver Data Service Request. When receiver DMA 
mode is active, the low RDSR output requests DMA service. 


DACK—DMA Acknowledge. The DACK low input indicates that 
that the data bus has been acquired by the DMAC and that the 
requested bus cycle is beginning. 


DTS—DMA Transter Strobe. The DTS low input causes a DMA 
transfer to occur on the next 02 cycle. When AN is high, data is 
transferred into the TxFIFO; when R/W is low. data is transferred 
from the RxFIFO. 


DONE—Done. DONE is a bidirectional active low signal. The 
DONE signal is asserted by the DMAC when the DMA transfer 
count is exhausted and there is no more data to be transferred. 
DONE will also be asserted by the MPCC, if enabled by bit 5 in 
the RCR, when the status byte folloiwng the last character of 
a frame (block) is being transferred in resporise to a RDSR. The 
DONE signal asserted by the DMAC in response to a TDSR will 
be stored to track with the datà byte through the TxFIFO. 


RES—Reset. RES is an active low, high impedance input that 
initializes all MPCC functions. RES must be asserted for at 
least 500 ns to initialize the MPCC. 


DTR—Data Terminai Ready. The ОТВ active low output is 
general purpose in nature, and is controlled by the DTRLVL bit 
in the Serial Interface Control Register (SICR) 


RTS—Request to Send. The RTS active low output is general 


CTS—Clear to Send. The CTS active low input positive transi- 
ition and level are reported in the CTST and CTSLVL bits in the 
Serial Interface Status Register (SISR), respectively. 


DATA 
BUS 
ADDRESS 
BUS 


BUS 
INTERFACE 


DMA 
CONTROL 


INTERRUPT 
CONTROL 


MODEM 
INTERFACE 


TRANSMITTER 
INTERFACE 


RECEIVER 
INTERFACE 


CLOCK 
INTERFACE 


Figure 2. MPCC Input and Output Signais 
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DSR—Data Set Ready. The DSR active low input negative 
transition and level are reported in the DSRT and DSRLVL bits 
in the SISR, respectively. DSR is aiso an output for RSYN. 


DCD—Data Carrler Detect. The DCD active low input positive 
transition and level are reported in the DCDT and DCDLVL bits 
in the the SISR, respectively. 


TxD—Transmitted Data. The MPCC transmits seriai data on 
the TxD output. The TxD output changes on the negative going 
edge of TxC. 


RxD—Recelved Data. The MPCC receives зепа! data on the 
RxD input. The RxD input is shifted into the receiver with the 
negative going edge of RxC. 


TxC--Transmitter Clock. ТхС can be programmed to be an input 
or an output. When TxC is selected to be an input, the transmitter 
ciock must be provided externaily. When TxC is programmed to 
be an output, a clock is generated by the MPCC's internai baud 
rate generator. The low-to-high transition of the clock signal nomi- 
nally indicates the center of a serial data present on the TxD 
output. 


RxC—Receiver Ciock. RxC provides the MPCC receiver with 
received data timing information. The clock transition from 
low-to-high nominaily indicates the center of each seriai data 
bit on the RxD input. 


EXTAL—Crystal/External Clock Input. 

XTAL Crystal Return. EXTAL and XTAL connect an 8 MHz 
external crystal to the MPCC internal oscillator. The ріп EXTAL 
may also be used as а TTL level input to supply a DC to 8 MHz 
reference timing from an external clock source. XTAL must be 
tied to ground when applying an external clock to the EXTAL 
input. 


BCLK—Buffered Clock. BCLK is the internai osciliator buffered 
output available to other MPCC devices eliminating the need 
for additionai crystais. 


Vec—Power. 5V +5%. 


GND—Ground. Ground (Vss). 


MPCC REGISTERS 


Nineteen 8-bit registers define, control and monitor the data com- 
munications process. These registers and their access are listed 
in Tabie 1. 


Tabie 2 summarizes the MPCC register bit assignments and their 
access. A read from an unassigned iocation results in a read 
from a “nuli register.” A nuil register returns ali ones for data 
and resuits in a normai bus cycle. Unused bits of a defined 
register are read as zeros unless otherwise noted. 


A0 

NOT USED 
RxD 

DTR 

DSA 

565 
RDSR 

Al 

GND 

А4 


1 
2 
3 
4 
5 
6 
7 
8 


*Must be connected to Усс. 


mmm 


NOT USED* 
e2 
DTS 
cs 
DACK 
GND 
DO 

D1 

D2 
03 
04 


Pin Configuration 
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Table 1. R65560 Accessible Reglsters 


Register(s) RW (tex) | m К m E А0 
7 0 | 

Receiver Status Register (RSR) ВАМ 00 0 0 с 0 0 
Receiver Contro! Register (RCR) ВАМ 01 9 0 с 9 1 
Receiver Data Register (АОВ)! R 1 92 | 9 0 p | 0 
Receiver Interrupt Enable Register (RIER) | R/W 05 0 0 1 0 1 
Transmitter Statue Register (TSR) | RW 4 08 МЕ Е 0 1 o 9 0 | 
Transmitter Contro! Register (TCR) R/W 09 9 1 0 9 1 
Transmitter Data Register (TDR)? уу ОА ТТ 0 1 0 0 

m Transmitter Interrupt Enable Register (TIER) | R/W 00 0 1 1 0 1 
Serial Interface Status Register (5158) R/W E 10 T 1 0 
Serial Interface Control Register (SICR) R/W | 11 1 1 
Serial Interrupt Enable Register (SIER) [Rw 15 1 1 ШШ 
Protocol Select Register 1 (PSR1) R/W 18 1 1 0 0 

kez Protocol Select Register 2 (PSR2) R/W | 19 [^ 1 1 o 1 
Address Register 1 (AR?) | ам | ТА 1 1 о 14 0 
Address Register 2 (АН2) R/W 1B 1 1 0 1 1 
Baud Rate Divider Register 1 (BRDR1) R/W 1C 1 1 1 9 0 
Baud Rate Divider Register 2 (BRDR2) R/W 1D 1 1 1 0 1 

= Clock Contro! Register (CCR) | R/W 1 1E 1 1 1 1 0 
Error Contro! Register (ECR) | № R/W | ЛЕ EN 1 1 1 1 1 

Notes: o 

1. Accessible register of the eight byte RxFIFO. The data is not initialized, however, RES resets the RxFIFO pointer to the start of the first byte. 
2. Accessible register of the eight byte TxFIFO. The data is not initialized, however, RES resets the TxFIFO pointer to the start of the first byte. 
3. Reserved registers may contain random bit values. 
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Table 2. МРСС Register Bit Assignments 


: Bit Number 


Reset* * 


— 


3 2 1 0 Vaiue 
C/PERR | FRERR | ROVRN RA/B RIDLE 00 
RSYNEN | STRSYN | 2ADCMP | RABTEN RRES 


C/PERR 
IE 


TUNRN | TFERR о 
TSYN TABT TRES 


DATA (TxFIFO) 


| TUNRN | 
0 ЈЕ Е 00 
- J 
DSRT | рсрт | CTSLVL | DSRLVL | DODLVL | о pi 0 20 
RTSLVL | DTRLVL 0 0 ECHO | TEST | NRZI 00 
DSR DCD 
i Е 0 0 0 0 00 
LL 1 


| Pst 


ВОР ADDRESS/BSC & COP PAD 


ВОР ADDRESS/BSC & COP SYN 


BAUD RATE DIVIDER (LSH) 


BAUD RATE DIVIDER (MSH) 


CLK SEL 


CRC SEL 


0 0 0 PSCDIV | TCLKO | RCLKIN 
PAREN | ODDPAR 0 | 0 CTLCRC | CRCPRE 
Notes: 


**RESET = Register contents upon power up or RES. 
Јанина 
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Receiver Status 
Register (RSR) 


Receiver Control 
Register (RCR) 


Receiver Data 
Register (RDR) 


Receiver Interrupt Enable 
Register (RIER) 


Transmitter Status 
Register (TSR) 


Transmitter Control 
Register (TCR) 


Transmitter Data 
Register (TDR) 


Transmitter Interrupt Enable 
Register (TIER) 


Serial Interface Status 
Register (SISR) 


Serial Interface Control 
Register (SICR) 


Serial Interrupt Enable 
Register (SIER) 


Protocol Select 
Register 1 (PSR1) 


Protocol Select 
Register 2 (PSR2) 


Address Register 1 (AR1) 


Address Register 2 (AR2) 


Baud Rate Divider 
Register 1 (BRDR1) 
Baud Rate Divider 
Register 2 (BRDR2) 
Clock Control 
Register (CCR) 


Error Control 
Register (ECR) 
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RECEIVER REGISTERS 
Receiver Status Register (RSR) 


7 6 5 4 3 2 1 0 
RDA | EOF | 0 | C/PERR | FRERR | ROVRN | ВА/В | RIDLE 


Reset value = $00 


The Receiver Status Register (RSR) contains the status of the 
receiver including error conditions. Status bits are cleared by 
writing a 1 into respective positions, by writing a 1 into the RCR 
RRES bit or by RES. If an EOF, C/PERR, or FRERR is set in 
the RSR, the data reflecting the error (the first byte or word in 
the RxFIFO) must be read prior to resetting the corresponding 
status bit in the RSR. The IRQ output is asserted if any of the 
conditions reported by the status bits occur and the correspond- 
ing interrupt enable bit in the RIER is set. 


The RSR format is the same as the frame status format (see 
below) except as noted. 


RSR 
7 RDA —Receiver Data Available. (RSR only). 
0 The RxFIFO is empty (ie., no received data is 
available). 
1 Received data is available in the RxFIFO and can be 
read via the RDR. 
RSR 
6 EOF —End of Frame. 
0 No end of frame or block detected. 
1 End of frame or block detected (BOP and BSC). 
RSR 
5 — Мо! Used. 
RSR 
4 C/PERR  —CRC/Parlty Error. 
0 Мо CRC or рату error detected. 
1 CRC error detected (BOP, BSC), Parity error detected 
(ASYNC, ISOC and COP). 
RSR 
3 . FRERR —Frame Error. 
0 No frame error detected. 
1 Short Frame or a closing FLAG detected off boundary 


(BOP), Frame error (ASYNC, ISOC) or receiver 
overrun. 
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RSR 
. 2 ROVRN —Receiver Overrun. 

0 No receiver overrun detected. 

1 Receiver overrun detected. Indicates that receiver data 
was attempted to be transferred into the RxFIFO when 
it was full, resulting in loss of гест мед data. The data 
that is already in RxFIFO are not affected and may be 
read by the processor. 

RSR 
1 RA/B —Receiver Abort/Break. 

0 Normal Operation. 

1 ABORT detected after an opening flag (BOP), ENQ 
detected in a block of text data (BSC), or BREAK 
detected (ASYNC). 

RSR 
0 RIDLE —Receiver Idle. (RSR only). 
0 Receiver not idle. 
1 15 or more consecutive “175” have been received and 


the receiver is in an inactive idle state. 


Frame Status (RSR) 


7| в | 5 а | 3 з [1 fo 
о | EOF | янм | C/PERR | ЕВЕВВ | FOVRN | пав | 0 


For the BSC and BOP protocols which have defined message 
blocks or frames, а ''frame status” byte will be loaded into the 
RxFIFO following the last data byte of each block (see Figure 
3). The EOF status in the RSR is then set when the byte/word 
containing the frame status is the next byte/word to be read from 
the RxFIFO. 


In the receiver DMA mode, when the EOF status in the RSR 
is set, DONE is asserted to the DMAC. Thus the last byte 
accessed by the DMAC is always a status byte, which the 
processor may read to check the validity of entire frame. 


The frame status contains all the status contained within the RSR 
with the exception of RDA and RIDLE. 
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STATUS 
NEXT FRAME 


— 
Figure 3. BSC/BOP Block/Frame Status Location 
Recelver Contro! Reglster (АСА) RCR 
1 RABTEN --Несеіуег Abort Enable (BOP only). 
| e | 5 | 4 | 3 | 2 [т [0] 0 Do not abort frame upon error detection. 
| о |ВОБВЕМ |ООМЕЕМ RsvNeN|srRsYN| 2АОСМР RABEN [RRES] 1 Abort frame upon RxFIFO overrun (ROVRN bit = 1 in 
Reset value = $01 the RSR) or CFCRC error detection (C/PERR bit = 1 
7 in the RSR). If either error occurs, the MPCC ignores 
The Receiver Control Register (RCR) selects receiver control те beginning M те сне mt frame and searches for 
options. 
RCR 
7 —Not used. RCR 
0 RRES —Receiver Reset Command. 
RCR 0 Enable normal receiver operation. 
6 RDSREN —Receiver Data Service Request Enable. 1 Reset receiver. Resets the receiver section including 
0 Disable receiver DMA mode. the RxFIFO and the RSR (but not the RCR). RRES is 
1 Enable receiver DMA mode. set by RES or by writing a 1 into this bit for one write 
cycle and is cleared by writing a 0 into this bit. RRES 
RCR requires clearing after RES. 
5 ПОМЕЕМ —DONE Output Enable. 
0 Disable DONE output. 
1 Enable DONE output. (When the receiver is in the DMA 
mode, і.ө., RDSREN = 1). Recelver Data Register (RDR) 
RCR 
4 RSYNEN —АЗУМЕМ Output Enable. Selects the | 7 5 | 4 | 2 0 
DSR signal input or the RSYN SYNC ШЕГІ Received Data (RxFIFO) LSB 
signal output on the DSR pin. 
о Input DSR on О$В. _ 
1 Output RSYN on DSR. The receiver has an 8-byte First In First Out (FIFO) register file 
(RxFIFO) where received data are stored before being 
RCR transferred to the bus. The received data is transferred out of 
3 STRSYN --бігір SYN Character (COP only). the RxFIFO via the RDR. When the RxFIFO has a data byte 
0 Do not strip SYN character. ready to be transferred, the RDA status bit in the НӘН is set to 1. 
1 Strip SYN character. 
RCR 
2 2ADCMP —One/Two Address Compare (BOP only). 
0 Compare one address byte with the contents of AR1. 
1 Compare two address bytes with the contents of AR1 
and AR2. 
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Receiver interrupt Enable a T 


7 | 6 [s] 4 
нен] ROVAN RAB 


RDA | EOF | 0 | C/PERR 
IE IE IE 
Reset value = $00 
The Receiver Interrupt Enable Register (RIER) contains inter- 
rupt enable bits for the Receiver Status Register (RSR). When 
enabled, the ТАС output is asserted when the corresponding 
condition is detected and reported in the RSR. 


RIER 
7 RDAIE  -—-Receiver Data Available interrupt 
Enable. 
0 Disable RDA Interrupt. 
1 Enable RDA Interrupt. 
RIER 
6 EOFIE —End of Frame Interrupt Enable. 
0 Disable EOF Interrupt. 
1 Enable EOF Interrupt. 
RIER 
5 —Not used. 
RIER 
4  C/PERR IE —CRC/Parity Error Interrupt Enable. 
0 Disable C/PERR interrupt. 
1 Enable C/PERR Interrupt. 
RIER 
3 FRERRIE —Frame Error Interrupt Enable. 
0 Disable FRERR Interrupt. 
1 Enable FRERR Interrupt. 
RIER 
2 ROVRN IE —Recelver Overrun interrupt Enable. 
0 Disable ROVRN Interrupt. 
1 Enable ROVRN Interrupt. 
RIER 
1 RA/BIE  —Receiver Abort/Break interrupt Enable. 
0 Disable ВА/В Interrupt. 
1 Enable RA/B interrupt. 
RIER 
0 —Not used. 


TRANSMITTER REGISTERS 
Transmitter Status Register (TSR) 


7 6 5 4 3 2 1 0 
TDRA TFC 0 0 0 TUNRN TFERR 0 


Аезе! value = $80 
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The Transmitter Status Register (TSR) contains the transmitter 
status including error conditions. The transmitter status bits are 
cleared by writing a 1 into their respective positions, by writing 
а 1 into the TCR TRES bit, or by RES. The ІРО output is asserted 
if any of the conditions reported by the status bits occur and 
the corresponding interrupt enable bit in the TIER is set. 


TSR 
7 TDRA —Transmitter Data Register Avaliable. 

0 The TxFIFO is full. 

1 The TxFIFO is not full (i.e., available) and data to 
transmit can be loaded via the TOR. 

TSR 
6 TFC —Transmitted Frame Complete. (BOP, BSC 
and COP only). 

0 Frame not complete. 

1 Closing FLAG or ABORT character has been transmit- 
ted (BOP), Trailing PAD has been transmitted (BSC), 
or the last character of a frame or block as defined by 
TLAST (TCR bit 3) has been transmitted (COP). 

TSR 
5-3 —Not used. 
TSR 
2 TUNRN --Тгапвтігег Упдегтип (BOP, BSC and 
COP only). A transmitter underrun occurs 
when the transmitter runs out-of data dur- 
ing а transmission. For BOP, the underrun 
condition is treated as an abort. For BSC 
and COP, SYN characters are transmitted 
until more data is available in the ТХНЕО. 
0 No transmitter underrun occurred. 
1 Transmitter underrun Occurred. 
TSR 

1 ТРЕВА —Transmit Frame Error (BOP only). 

0 No frame error has occurred. 

1 No control field was present (short frame). 


Transmitter Control es aaa n 


ONE 
ил ЕРЕ TICS TLAST | ТЗУМ | ТАВТ | TRES | 


Reset value = $01 


The Transmitter Control Register (TCR) selects transmitter con- 
trol function. 


TCR 
7 TEN —Transmitter Enable. 
0 Disable transmitter. TxD output is idled. The TxFIFO 
may be loaded while the transmitter is disabled. 
1 Enable transmitter. 
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TCR 
6 TDSREN —Transmitter Data Service Request 
Enabie. 
0 Disable transmitter DMA mode. 
1 Enable transmitter DMA mode. 
TCR 
5 Tics —Transmitter idle Character Select. Selects 


the idle character to be transmitted when 
the transmitter is in an active idle mode 
(transmitter enabled or disabled). 
Mark Idle (TxD output is held high). 
1 Content of AR2 (BSC and COP), BREAK condition 
(ASYNC and ISOC), or FLAG character (BOP). 


TCR 
4 —Not Used. This bit is initialized to 0 by RES 
and must not be set to 1. 
TCR 
3 TLAST —Transmit Last Character (BOP, BSC and 
COP only). 

0 The next character is not the last character іп а Нате 
or block. 

1 The next character to be written into the TDR is the 
last character of the message. The TLAST bit 
automatically returns to a 0 when the associated 
word/byte is written to the TxFIFO. If the transmitter 
ОМА mode is enabled, TLAST is set to a 1 by DONE 
from the DMAC. In this case the character written into 
the TDR in the current cycle is the last character. 

TCR 

2. TSYN —Transmit SYN (BSC and COP only). 

0 Do not transmit SYN characters. 

1 Transmit SYN characters. Causes a pair of SYN 
characters to be transmitted immediately following the 
current character. If BSC transparent mode is active, 
a DLE SYN sequence is transmitted. The TSYN bit 
automatically returns to a 0 when the SYN character 
is loaded into the Transmitter Shift Register. 

TCR 

1 TABT —Transmit ABORT (BOP only). 

0 Enable normal transmitter operation. 

1 Causes an abort by sending eight consecutive 1’s. А 
data word/byte must be loaded into the TxFIFO after 
setting this bit in order to complete the command. The 
TABT bit clears automatically when the subsequent 
data word/byte is loaded into the TxFIFO. 

TCR 
© TRES —Transmitter Reset Command. 
0 Enable normal transmitter operation. 
1 Reset transmitter. Clears the transmitter section 


including the ТХНЕО and the TSR (but not the TCR). 
The TxD output is held in “Ма” condition. TRES is 
set by RES or by writing a 1 into this bit for one write 
cycle and is cleared by writing a 0 into this bit. TRES 
requires clearing after RES. 
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Pee le дса а [2 1 0 
| _мэв Transmitted Data (TxFIFO) LSB 


The transmitter has ап 8-byte FIFO register file (TxFIFO). Data 
to be transmitted is transferred from the bus into the TxFIFO 
via the TDR. The TDRA status bit in the TSR is set to 1 when 
the TxFIFO is ready to accept another data byte. 


Transmitter interrupt Enabie Register (TIER) 
418 2 1 0 
ТЕС о | о | TUNRN | ТРЕВА | — 
ЈЕ IE ЈЕ 


$00 
The Transmitter Interrupt Enable Register (TIER) contains 
interrupt enable bits for the Transmitter Status Register. When 
enabled, the IRQ output is asserted when the corresponding 
condition is detected and reported in the TSR. 


Reset value = 


TIER 
7 TDRAiE —Transmitter Data Register (TDR) Avail- 
abie interrupt Enable. 
0 Disable TDRA Interrupt. 
1 Enable TDRA Interrupt. 
TIER 
6 ТЕСЛЕ  —Transmit Frame Complete (TFC) Interrupt 
Enable. 
0 Disable TFC Interrupt. 
1 Enable TFC Interrupt. 
TIER 
5-3 —Not used. 
TiER 
2 TUNRN IE —Transmitter Underrun (TUNRN) Interrupt 
Enabie. 
0 Disable TUNRN Interrupt. 
1 Enable TUNRN Interrupt. 
TIER 
3 TFERR IE —Transmit Frame Error (TFERR) interrupt 


Enabie. 
0 Disable TFERR Interrupt. 
1 Enable TFERR Interrupt. 


TIER 
0 —Not used. 
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Serlal Interface Status Register (SISR) 


[7 | 6 5 4 3 2 1110 
| стет | оѕат | осот | стеги. | озвьм. | осокм. | o | o 


Reset value = $00 


The Serial interface Status Register (SISR) contains the serial 
interface status information. The transition status bits (CTST, 
DSRT and DCDT) are cleared by writing a 1 into their respec- 
tive positions, or by RESET. The level status bits (CTSLVL, 
DSRLVL and DCDLVL) reflect the state of their respective inputs 
and cannot be cleared internally. The IRQ output is asserted 
if any of the conditions reported by the transition status bits occur 
and the corresponding interrupt enable bit in the SIER is set. 


SISR 
7 СТТ —Clear to Send Transitlon Status. 
1 CTS has transitioned positive (from active to inactive). 
(TRES must be a zero). 
0 CTS has not transitioned positive. 
SISR 
5 DSRT —Data Set Ready Transitlon Status. 
1 DSR has transitioned negative (from inactive to active). 
0 DSR has not transitioned negative. 
SISR 
5 ОСОТ —Data Carrier Detect Transition Status. 
1 DCD has transitioned positive (from active to inactive). 
0 DCD has not transitioned positive. 
SISR 
4 CTSLVL —Сіеаг to Send Level. 
0 CTS input level is negated (high). 
1 CTS input level is asserted (low). 
SISR 
3 DSRLVL -Data Set Ready Levei. 
0 DSR input level is negated (high). 
1 DSR input level is asserted (low). 
SISR 
2 DCDLVL —Data Carrier Detect Level. 
0 DCD input level is negated (high). 
1 DCD input level is asserted (low). 
SISR 
1-0 —Not used. 


Serial Interface Control Register (SICR) 


Gwe th bee eK 


втвімі. | отм! | — | — | — [сно | Test | МА 


Reset value = $00 
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The Serial interface Control Register (SICR) controls various 
serial interface signals and test functions. 


SiCR 
7 RTSLVL Request to Send Level. 
о Negate RTS output (high). 
1 Assert RTS output (low). 
NOTE 
In BOP, BSC, ог COP, when the RTSLVL bit is cleared 
in the middle of data transmission, the RTS output- 
remains asserted until the end ог the current frame 
or block has been transmitted. In ASYNC or ISOC, the 
RTS output is negated when the TxFIFO is empty. If 
the transmitter is idling when the FITSLVL bit is reset, 
the RTS output is negated within two bit times. 
SiCR 
6  DTRLVL —Data Terminal Ready Level. 
0 Negate DTR output (high). 
1 Assert DTR output (low). 
SICR 
5-3 — Мо! used. These bits are initialized to 0 by 
RESET and must not be set to 1. 
SICR 

2 ECHO —Echo Mode Enable. 

0 Disable Echo mode (enable normal operation). 

1 Enable Echo mode. Received data (RxD) is routed 
back through the transmitter to TxD. The contents of 
the TxFIFO is undisturbed. This глоде may be used 
for remote test purposes. 

SICR 
1 TEST —Self-test Enabie. 

0 Disable self-test (enable normal cperation). 

1 Enable self-test. The transmitted data (TxD) and clock 
(TxC) are routed back through to the receiver through 
RxD and RxC, respectively (DCD and CTS are 
ignored). This “Іоорбаск” self-test may be used for 
all protocols. RxC is external regardless of the state 
of CCR bit 2. CCR bit З may be a бога 1. 

SICR 
0 NRZI —NRZI Data Format Select. Selects the 
transmit and receive data format to be NRZ 
or NRZI. 

0 Select NRZ data format. NRZ coding—high = 1 and 
low = 0. 

1 Select NRZI data format. The serial data remains іп 


the same state to send a binary 1 end switches to the 
Opposite state to send a binary O. A 1 bit delay is added 
to the TxD output to allow for encoding. 
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Serial Interrupt Enabie Register (SIER) 


Reset value = $00 


The Serial Interrupt Enable Register (SIER) contains interrupt 
enable bits for the Serial Interface Status Register. When an 
interrupt enable bit is set, the IRQ output is asserted when the 
corresponding condition occurs as reported in the SISR. 


SIER 
7 CTSIE —Clear to Send (CTS) Interrupt Enable. 
0 Disable CTS interrupt. 
1 Enable CTS Interrupt. 
SIER 
6  DSRIE --Паіа Set Ready (DSR) Interrupt Enable. 
0 Disable DSR Interrupt. 
1 Enable DSR interrupt. 
SIER 
5  DCDIE —Data Carrier Detect (DCD) Interrupt 
Enable. 
0 Disable DCD Interrupt. 
1 Enable DCD Interrupt. 
SIER 
4-0 —Not used. 


GLOBAL REGISTERS 


The global registers contain command information applying to 
different modes of operation and protocols. After changing global 
register data, TRES in the TCR and RRES in the RCR should 
be set then cleared prior to performing normal mode processing. 


Protocol Select Register 1 (PSR1) 


6/5 ;,4j,3{2] 1 0 
– | - | - | - | - | спех | аррех 


Reset value = $00 


7 


Protocol Select Register 1 (PSR1) selects BOP protocol related 
options. 


PSR1 
17-2. — №1 used. 
PSR1 
1 CTLEX  -—Control Field Extend (BOP only). 
0 Select 8-bit control field. 
1 Select 16-bit control field. 
PSR1 
0  ADDEX  -—Address Extend (BOP only). 
0 Disable address extension. All eight bits of the 
address byte are utilized for addressing. 
1 Enable address extension. When bit 0 in the address 


byte is a 0 the address field is extended by one byte. 
An exception to the address field extension occurs 
when the first address byte is all 0’$ (null address). 
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Protoco! Select Register 2 (PSR2) 


ТІ ЕСЕН ЕГІН 


6 | 5 | 4 

WD/BYT | STOP BIT SEL [CHAR LEN SEL| PROTOCOL SEL 
SB2 re en 

Reset value = $00 


Protocol Select Register 2 (PSR2) selects protocols, character 
size, the number of stop bits, and word/byte mode. 


PSR2 
7 — №1 Used. This bit is initialized to 0 by RES 
and must not be changed to 1. 
PSR2 


6-5 STOP BITSEL —Number of Stop Bits Select. 
Selects the number of stop bits 
transmitted at the end of the data 


bins in ASYNC and ISOC modes. 


6 5 No. of Stop Bits 
582 581 АЗУМС ISOC 
0 0 1 1 
0 1 1-1/2 2 
1 0 2 2 


PSR2 

4-3 CHAR LEN SEL —Character Length Select. Selects 
the character length except in BOP 
and BSC where the character length 
is always eight bits. Parity is not 
included in the character length. 


Character Length 
5 bits 
6 bits 
7 bits 
8 bits 


о 
--оор» 

ю 
-о-о|Ро 

= 


PSR2 

2-0 PROTOCOL SEL —Protocol Select. Selects protocol 
and defines the protocol dependent 
Control bits. 


= 


Protocol 
BOP (Primary) 
BOP (Secondary) 
Reserved 
COP 
BSC EBCDIC 
BSC ASCII 
ASYNC 
ISOC 


v 
Qn 
= 


----оооо| 
|2 
-= © © -+ ос |0 
ю 


-о-о-ьо-о!фо 
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Address Register 1 (AR1) 


7 6 5 4 3 2 1 0 
BOP ADDRESS/BSC а СОР PAD | 


Reset value = $00 


Address Register 2 (AR2) 


ENEBEBEEEBEREREE 


BOP ADDRESS/BSC & COP SYN 
Reset value = $00 


The protocol selected in PSR2 (BOP, BSC and COP only) deter- 
mines the function of the two 8-bit Address Registers (AR1 and 
АВ2). As a secondary station in ВОР, the contents of the address 
registers are used for address matching depending on the 
2 ADCMP selection in the RCR. In BSC and COP, AR1 and AR2 
contain programmable leading PAD and programmable SYN 
characters, respectively. 


Address Register (AR) Contents 


Protocol Selected | 2ADCMP | АВ! AR2 
BOP (Primary) X X X 
BOP (Secondary) 0 Address X 

1 Address Address 

BSC EBCDIC X Leading PAD SYN 
BSC ASCII X Leading PAD SYN 
COP x Leading PAD SYN 
*X = Not used | 


Baud Rate Divider Register 1 (BRDR1) 
7 | в | 5 [| 4] 3 [2 1 о | 
BAUD RATE DIVIDER (LSH) 


Reset value = $01 


Baud Rate Divider Register 2 (BRDR2) 
7 в | 5 | 4 [з [2 | | о 
BAUD RATE DIVIDER (MSH) 


Reset value = $00 


The two 8-bit Baud Rate Divider Registers (BRDR1 апа BRDR2) 
hold the divisor of the Baud Rate Divider circuit. BRDR1 соп- 
tains the least significant half (LSH) and BRDR? contains the 
most significant half (MSH), With an 8.064 MHz EXTAL input, 
standard bit rates can be selected using the combination of 
Prescaler Divider (in the CCR) and Baud Rate Divider values 
shown in Table 3. For isochronous or synchronous protocols, 
the Baud Rate Divider value must be multiplied by two for the 
same Prescaler Divider value. 
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The Baud Rate Divider (BRD) value can be computed for other 
crystal frequency, prescaler divider and desired baud rate values 
as follows: 


2 Crystal Frequency 


BRD - 
(Prescaler Divider) (Baud Rate) (K) 


where: К = 1 for isochronous or synchronous 


2 for asynchronous 
Clock Control Register (CCR) 
7 |6|5| 4 з | 2 
-|- | “| PSCDIV | TCLKO | RCLKIN 


1 0 
CLK SEL 


Reset value = $00 


The CCR selects various clock options. 


CCR 
7-5 — Мо! used. 
CCR 
4 PSCDIV  —Prescaler Divider. The Prescaler Divider 


network reduces the external/oscillator fre- 
quency to a value for use by the internal 
Baud Rate Generator. 

0 Divide by 2. 


1 Divide by 3. 
CCR 
3 TCLKO --Тгапвтінег Clock Output Select. 
0 Select ТХС to be ап input. 
1 Select TxC to be an output. 
CCR 
2 RCLKIN  —Receiver Clock Internal Select (ASYNC 
only). 
0 Select External RxC. 
1 Select Internal RxC. 
CCR 
1-0 CLK DIV —External Receiver Clock Divider. Selects 


the divider of the external RxC to determine 
the receiver data rate. 


CK2 cK1 _Divider 
0 0 1 (ISOC) 
о 1 16 
1 0 32 
1 1 64 
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Table 3. Standard Baud Selectlon (8.064 MHz Crystal) 


Prescaier Divider 
Desired 
Baud Rate PSCDIV 
(Bit Rate) (0 to 1) 
50 3 1 
75 2 0 
110 3 1 
135 2 0 
150 3 1 
300 2 0 
1200 3 1 
1800 2 0 
2400 2 0 
3600 2 0 
4800 3 1 
7200 2 о 
9600 3 1 
19200 3 1 
38400 3 1 


Error Control Register (ECR) 


7 6 [sla 3 
Е ОБОРАЯ ВЕ CRCCTL 


Reset value = $04 


2 [315] 
CRCPRE 


The Error Control Register (ECR) selects the error detection 
method used by the MPCC. 


ECR 
7 PAREN  -—Parlty Enable. (ASYNC, ISOC and COP 
only). 
0 Disable parity generation/checking. 
1 Enable parity generation/checking. 
ECR 


(8  ODDPAR —Odd/Even Parity Select (Effective only 
when PAREN « 1). 


0 Generate/check even parity. 
1 Generate/check odd parity. 
ECR 
5-4 —Not used. 


Multi-Protoco! Communications Controller (MPCC) 


Baud Rate Divider 
isochronous and Synchronous 
Hexadecimal Value 


Hexadecimal Value 


Decimal 
Value 


ECR 

3 СЕСАС —Сотго! Fleld CRC Enable. 

0 Disable control field CRC. Enables an intermediate 
CRC remainder to be appended after the address/con- 
trol field in transmitted BOP frames and checked in 
received frames. The CRC generator is reset after con- 
trol field CRC calculation. 


ECR 
2  CRCPRE --СНС Generator Preset Select. 
0 Preset САС Generator to 0. 
1 Preset CRC Generator to 1 and transmit the 1's com- 
plement of the resulting remainder. 


ECR 
1-0 CRCSEL  —CRC Polynomial Select. Selects one of the 
RC polynominals. 


x16 + х12 +х5+1 (CCITT V.41) 
X16 + x15 4x24 1 (CRC-16) 
х8 +1 (VRC/LRC)* 
Not used. 
*VRC: Odd-parity check is performed on each 
character including the LRC character. 


о 
= о ој = 
Е 


0 
CR1 Polynominal 
0 
1 
0 
1 


2-185 


865560 


INPUT/OUTPUT FUNCTIONS 
MPU INTERFACE 


Transfer of data between the MPCC and the system bus involves 
the following signals: Address lines AO through А4, Data Bus Lines 
DO through D7, and control signals consisting of R/W, CS, and 
02. Figures 10 and 11 show typical interface connections. 


Read/Write Operation 


The R/W input controls the direction of data flow on the data bus. 
CS (Chip Select) enables the MPCC for access to the internal 
registers and other operations. When CS is asserted, the data 
ИО buffer acts as an output driver during a read operation and 
аз an input buffer during а write operation. 


When the MPCC is selected (CS low) during a read (R/W high), 
eight bits of register data are placed on data bus lines 00-07 
when 02 is asserted. When the MPCC is selected (CS low) for 
a write (R/W low), 02 strobes data from the 20-07 data lines 
into the selected register. Figures 12 and 13 show the read and 
write timing relationships. 


DMA INTERFACE 


The MPCC is capable of providing DMA data transfers up to 
2 Mbytes per second when used with the MC68440 DMAC in the 
single address mode. Based on 4 Mb/s serial data rate and 5 
bits/character, the maximum DMA required transfer rate is 800 
Kbytes per second. 


The MPCC has separate DMA enable bits for the transmitter and 
receiver, each of which requires a DMA channel. Both the 
transmitter and receiver data are implicitly addressed (TDR or 
RDR) therefore addressing of the data register is not required 
before data may be transferred. Communication between the 
MPCC and the DMAC is accomplished by a two-signal 
request/acknowledge handshake. Since the MPCC has only one 
acknowledge input (DACK) for its two DMA request lines, an 
external OR function must be provided to combine the two DMA 
acknowledge signals. The MPCC uses the R/W input to 
distinguish between the Transmitter Data Service Request (TDSR 
acknowledge and the Receiver Data Service Request (RDSR) 
acknowledge. 


Receiver DMA Mode 


The receiver DMA mode is enabled when the RDSREN bit in the 
RCR is set to 1. When data is available in the RxFIFO, Receiver 
Data Service Request (RDSR) is asserted for one receiver clock 
period to initiate the MPCC to memory DMA transfer. The next 
RDSR cycle may be initiated as soon as the current RDSR cycle 
is completed (i.e., a full sequence of DACK, 02, and DTS). 


In response to RDSR assertion, the DMAC sets the R/W line to 
write and asserts the memory address, DMA transfer strobe 
(DTS), and DMA acknowledge (DACK). The MPCC outputs data 
from the RxFIFO to the data bus during 02. The memory latches 
the data to complete the data transfer. Figure 13 shows the timing 
relationships for the receiver DMA mode. 
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RDSR is inhibited when either RDSREN is reset to 0 or RRES 
is set to 1 (both in the RCR), or when RES is asserted. 


Transmitter DMA Mode 


The transmitter DMA mode is enabled when the TDSREN bit in 
the TCR is set to 1. When the TxFIFO is evailable, Transmitter 
Data Service Request (TDSR) is asserted for one transmitter clock 
period to initiate the memory to MPCC ОМА transfer. The next 
TDSR cycle may be initiated as soon as the current TDSR cycle 
is completed. 


In the transmitter DMA mode, the TxFIFO Is implicitly addressed. 
That is, when the transfer is from memory to the TxFIFO, only 
the memory is addressed. In response to TDSR assertion, the 
DMAC sets the R/W line to read and asserts the memory address, 
DMA transfer strobe (DTS) and DMA acknowledge (DACK). The 
The memory places data on the data bus and the MPCC loads 
the data into the TxFIFO to complete the data transfer. А timing 
diagram for the transmitter DMA mode is shown in Figure 15. 


TDSR is inhibited when either TDSREN is reset to 0 or TRES 
is set to 1 (both in the TCR), or when RES is asserted. 


DONE Signal 


When the DMA transfer count is exhausted in transmitter DMA 
mode, the DMAC asserts DONE which sets the TLAST bit in the 
TCR to indicate that the last word/byte has been transferred. In 
the receiver DMA mode, DONE is asserted by the MPCC when 
the last character of the frame/block is bein transferred from the 
RxFIFO to the data bus if the DONEEN bit is set to a 1 in the RCR. 


INTERRUPTS 


There are three possible sources of an interrupt request (IRQ): 
the receiver section (as reported in the RSR), the transmitter 
section (as reported in the TSR), and tha serial interface (as 
reported in the SISR). When an interrupt generating status occurs 
and the interrupt is enabled by a corresponding bit in the 
associated interrupt enable register, IRQ is asserted. The inter-! 
тирі processing software must examine ali status registers that 
have interrupt status bits enabled to determine the cause of the 
interrupt and perform the required processing to clear the inter- 
rupt. IRQ will remain asserted until all interrupt causing condi- 
tions reported in status registers have been cleared. 


SERIAL INTERFACE 


The MPCC is a high speed, high performance device supporting 
the more popular bit and character oriented data protocols. The 
lower speed asynchronous (ASYNC) and isochronous (ISOCH) 
modes are also supported. An on-chip clock oscillator and baud 
rate generator provide an output data clock at a frequency of DC 
to 4 MHz. The clock can also be used in the ASYNC mode to 
provide a receive clock for the incoming data. The serial inter- 
face consists of the following signals: 
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RTS (Request to Send) Output 


The RTS output to the DCE is controlled by the RTSLVL bit in 
the SICR in conjunction with the state of the transmitter sec- 
tion. When the RTSLVL bit is set to 1, the RTS output is asserted. 
When the RTSLVL bit is reset to 0, the RTS output remains 
asserted until the TxFIFO becomes empty or the end of the 
message (or frame), complete with CRC code if any, has been 
transmitted. RTS also is negated when the RTSLVL bit is reset 
during transmitter idle, or when the RES input is asserted. 


CTS (Clear to Send) Input 


The CTS input signal is normally generated by the DCE to indi- 
cate whether or not the data set is ready to transmit data. The 
CTST bit in the SISR reflects the transition status of the CTS 
input while the CTSLVL bit in the SISR reflects the current level. 
A positive transition on the C CTS pin asserts IRQ if the CTS IE bit 
in the SIER is set. The CTS input in an inactive state disables 
the start of transmission. 


DCD (Data Carrier Detect) Input 


The DCD input signal is normally generated by the DCE and indi- 
cates that the DCE is receiving a data carrier signal suitable for 
demodulation. The DCDT bit in the SISR reports the transition 
status of the DCD input while the DCDLVL bit in the SISR con- 
tains the current level. A positive transition on the DCD pin 
asserts the IRQ output if the DCD IE bit in the SIER is set. 
A negated DCD input disables the start of the receiver. 


DSR (Data Set Ready) Input/RSYN Output 


The DSR input from the DCE indicates the status of the local data 
set. The DSRT bit in the SISR contains the transition status of the 
DSR input while the DSRLVL bit in the SISR reports the current 
level. A negative transition on the DSR pin asserts the IRQ out- 
put if the DSR IE bit in the SIER is set. 


When the RSYN bit in the АСА is set to 1, the frame synchroniza- 
tion signal (RSYN) in the receiver is output on the DSR pin. In 
this mode, DSR output low indicates detection of SYN in BSC 
or COP, or an address match in BOP. 


DTR (Data Terminal Ready) Output 


The DTR output is general purpose in nature and can be used 
to control switching of the DCE. The DTR output is controlled by 
the DTRLVL bit in the SICR. 


TxC (Transmitter Clock) Input/Output 


The transmitter clock (TxC) may be programmed to be input or 
an output. When the TCLKO control bit in the CCR is set to a 
1, the TxC pin becomes an output and provides the DCE with 
а clock whose frequency is determined by the internal baud rate 
generator. When the TCLKO control bit is reset, TxC is an input 
and the transmitter shift timing must be provided externally. The 
TxD output changes state on the negative-going edge of the 
transmitter clock. In the asynchronous mode when TCLKO = 

in the CCR, the TxC input frequency must be two times the 
desired baud rate. 
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TxD (Transmitted Data) Output 


The serial data transmitted from the MPCC is coded in NRZ or 
NRZI (zero complement) data format as selected by the NRZI 
control bit in the SICR. 


RxC (Receiver Clock) Input 
The receiver latches data on the negative transition of the RxC. 


RxD (Received Data) Input 


The serial data received by the MPCC can be coded in NRZ 
or NRZI data format. The MPCC will decode the received data 
in accordance with the NRZI control bit setting in the SICR. 


Serial Interface Timing 


The timing for the serial interface clock and data lines is shown 
in Figure 16. The MPCC supports high speed synchronous 
operation. As shown, the TxD output changes with the negative- 
going edge of TxC and the received data on RxD is latched on 
the negative edge of RxC. This assures high speed two-way 
operation between two MPCCs connected as shown in 
Figure 18. 


For low speed operation between the MPCC and a modem or 
RS-232C Data Communications Equipment (DCE), an inverter 
can be used in the TxC output lines as shown in Figure 18. 
RS-232 and RS-423 (covering serial data interface up to 100K 
baud) require that data be centered + 2596 about the negative- 
going edge of the RxC. This criteria is met for frequencies up 
to 1.25 MHz using the inverter. Use of the inverter also allows 
MPCC to MPCC operation up to 2.17 MHz. 


SERIAL COMMUNICATION MODES 
AND PROTOCOLS 


ASYNCHRONOUS AND ISOCHRONOUS MODES 


Asynchronous and isochronous data are transferred in frames. 
Each frame consists of a start bit, 5 to 8 data bits plus optional 
even or odd parity, and 1, 172, or 2 stop bits. The data character 
is transmitted with the least significant bit (LSB) first. The data 
line is normally held high (MARK) between frames, however, a 
BREAK (minimum of one frame length for which the line is held 
low) is used for control purposes. Figure 4 illustrates the frame 
format supported by the MPCC. 


Asynchronous Receive 


In the asynchronous (ASYNC) mode, data received on RxD 
Occurs in three phases: (1) detection of the start bit and bit 
synchronization, (2) character assembly and optional parity 
check, and (3) stop bit detection. The receiver bit stream may 
be synchronized by the internal baud rate generator clock or 
by an external clock on RxC. When RCLKIN in the CCR is set 
to 0, an external clock with a frequency of 16, 32, or 64 times 
the data rate establishes the data bit midpoint and maintains 
bit synchronization. The character assembly process does not 
start if the start bit is less than one-half bit time. Framing and 
parity errors are detected and buffered along with the character 
on which errors occurred. They are passed on to the RxFIFO 
and set appropriate status bits in the RSR when the character 
with an error reaches the last RxFIFO register where it is ready 
to be transferred onto the data bus via the RDR. 
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ASYNCHRONOUS FRAME FORMAT 


START LBS 


ISOCHRONOUS FRAME FORMAT 


DATA | 


START 


m | 


= 


| [me Se Ste SS Кеші леніп ЕЛЕНЕ 
DATA | | | | | | 
---....с..-.----..........! 
ee Sse =. 5 TO 8 BITS mon ueni 


5 TO 8 BITS E 


E d: » 
Ld је = 
STOP 


(1, 1%, OR 2 BITS) 


PARITY 
(OPT) 


| MSB 


=e 
| | | 
hd шш ү zug Llc 
MSB PARITY | stop 
| (OPT) 10R28ITS 


Figure 4. Asynchronous and isochronous Frame Format 


Isochronous Receive 


In the isochronous (ISOC) mode, a 1 times clock on RxC is 
required with the data on RxD and the serial data bit is latched 
on the falling edge of each clock pulse. The requirement for the 
detection of a valid start bit, or the beginning of a break, is 
satisfied by the detection of a high-to-low transition on the serial 
data input line. Error detection and status indication are the same 
as the asynchronous mode. 


Asynchronous and Isochronous Transmit 


їп asynchronous and isochronous transmit modes, output data 
tansmission on TxD begins with the start bit. This is followed 
by the data character which is transmitted LSB first. If parity 
generation is enabled, the parity bit is transmitted after the MSB 
of the character. 


SYNCHRONOUS MODES 


In synchronous modes, а one-times clock is provided along with 
the data. Serial output data is shifted out and input data is latched 
on the falling edge of the clock. 
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BIT ORIENTED PROTOCOLS (BOP) 


In bit oriented protocols (BOP), messages (data) are transmitted 
and received in frames. Each frame contains an opening flag, 
address field, control field, frame check sequence, and a clos- 
ing flag. A frame may also contain an information field. (See 
Figure 5). 


The opening flag is a special character whose bit pattern is 
01111110. It marks the frame boundaries and is the interframe 
fill character. The address field of a frame contains the address 
of the secondary station which is receiving or responding to a 
command. The address field may be one or more bytes long. 
The address field can be extended by setting the ADDEX bit 
to a 1 in PSR1. In this case, the address field will be extended 
until the occurrence of an address byte with a 1 in bit 0. Up to 
two bytes of the address field may be automatically checked 
when the MPCC is programmed to be a secondary station in 
BOP. An automatic check for global (11111111) or null 
(00000000) address is also made. The control field of one or two 
bytes is transparent to the MPCC and sent directly to the host 
without interpretation. 
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The optional information field consists of 8-bit characters. Cyclic 
redundancy checking is used for error detection and the CRC 
remainder resulting from the calculation is transmitted as the 
frame check sequence field. For BOP, the polynomial X18 + 
X12 + X5 + 1 (CRC-CCITT) should be used, i.e., selected in 
the CRC SEL bits in the ECR. The registers representing the 
CRC-CCITT polynomial are generally preset to all 1s, and the 
1s complement of the resuiting remainder is transmitted. (See 
X.25 Recommendation.) 


Zero insertion/deletion is employed to prevent valid frame data 
from being confused with the special characters. А 0 is inserted 
by the transmitter after every fifth consecutive 1 in the data 
Stream. These inserted zeros are removed by the receiver to 
restore the data to its original form. The inserted zeros are not 
included in the CRC calculation. 


The end of the frame is determined by the detection of the 
closing Flag special character which is the same is the opening 
Flag. 


With the control options offered by the MPCC, commony used 
bit oriented protocols such as SDLC, HDLC and X.25 standards 
can be supported. Figure 6 compares the requirements of these 
options. 


BOP Receiver Operation 


in BOP, the receiver starts assembling characters and accumu- 
lating CRC immediately after the detection of a Flag. The receiver 
also continues to search for additional Flag, or Abort, characters 
on a bit-by-bit basis. Zero deletion is implemented in the Receiver 
Shift Register after the Flag detection logic and before the CRC 
circuitry. The receiver recognizes the shared flag (the closing 
flag for one frame serves as the opening flag for the next frame) 
and the shared zero (the ending 0 of a closing flag serves as 
the beginning O of an opening flag forming the pattern 
“011111101111110.” 


Character assembly and CRC accumulation are stopped when 
a closing Flag or Abort is detected. The CRC accumulation 
includes al! the characters between the opening Flag and the 
closing Flag. The contents of the CRC register are checked 


at the close of a frame and the C/PERR bit in the RSR is updated. 
The FCS and the Flag are not passed on to the RxFIFO. 


if the Flag is a closing flag, checks for short frame (no control 
field) and CRC error conditions are made and the appropriate 
status is updated. When an Abort (seven 1s) is detected, the 
remaining frame is discarded and the FA/B bit is set in the RSR. 
When a link idie (15 or more consecutive 1s) is detected, the 
RIDLE status bit is set in the RSR. The zeros that have been 
inserted to distinguish data from special characters are detected 
and deleted from the data stream before characters are assem- 
bled. The MPCC programmed as a secondary station provides 
automatic address matching of up to two bytes. if there is no 
address match, the receiver (secondary station) ignores the 
remainder of the frame by searching for the Flag. if there is a 
match, the address bytes are transferred to the RxFIFO as they 
are assembled. 


For the control field, one or two bytes are assembled and passed 
on to the RxFIFO depending on the state of the extended control 
field bit. 


If the CFCRC bit in the ECR is set to 1, an intermediate CRC 
check will be made after the address and control field. The Frame 
Check Sequence is still calculated over the remainder of the 
frame. 


BOP Transmitter Operation 


In BOP, the TxFIFO can be preloaded through the TDR while 
the transmitter is disabled (TEN = 0 in the TCR). When the 
transmitter is enabled (TEN = 1 in the TCR), the leading FLAG 
is automatically sent prior to transmitting data from the TxFIFO. 
The TDRA bit is set to 1 in the TSR as long as TxFIFO is not 
full. If an underrun occurs, the TUNRN bit in the TSR is set to 
a 1 and an ABORT (11111111) is transmitted followed by con- 
tinuous FLAGSs or marks until a new sequence is initiated. 


The TLAST bit in the TCR must be set prior to loading the last 
character of the message to signal the transmitter to append 
the two-byte Frame Check Sequence (FCS) following the last 
character. If the transmitter DMA mode is selected (the TDSREN 
bit set to 1 in the TCR) the TLAST bit is set by the DONE signal 
from the DMAC. 


FLAG ADDRESS CONTROL INFORMATION FCS FLAG 
01111110 10RN 1 ОВ N BYTES 2 BYTES 01111110 
BYTES 2 BYTES (OPTIONAL) 
Figure 5. ВИ Oriented Protocol (BOP) Frame Format 

IBM SDLS FRAME FORMAT 

FLAG ADDRESS CONTROL INFORMATION FCS FLAG 

01111110 1 BYTE 1 BYTE N BYTES 2 BYTES 01111110 
ADCCP/HDLC FRAME FORMAT 

FLAG ADDRESS CONTROL INFORMATION FCS FLAG 

01111110 N BYTES 1 ОН М BYTES 2 ВҮТЕ5 01111110 

2 ВУТЕЗ 
Figure 6. Impiemented Bit Oriented Protocols 
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А message may be terminated at any time by setting the ТАВТ 
bit in the TCR to 1. This causes the transmitter to send an Abort 
character followed by the remainder of the current frame data 
in the TxFIFO. 


The serial data from the Transmitter Shift Register is continu- 
ously monitored for five consecutive 1s, and a 0 is inserted in 
the data stream each time this condition occurs (excluding Flag 
and Abort characters). 


CRC accumulation begins with the first non-Flag character and 
includes all subsequent characters. The CRC remainder is 
transmitted as the FCS following the last data character. If the 
CTLCRC bit in the ECR is set to 1, an intermediate CRC 
remainder is appended after the Address and Control field. The 
final Frame Check Sequence is calculated over the balance of 
the frame. 


BISYNC (BSC) 


The structure of messages utilizing the IBM Binary Synchronous 
Communications (BSC) protocol, commonly called Bisync, is 
shown in Figure 7. The MPCC can process both transparent and 
nontransparent messages using either the EBCDIC or the ASCII 
codes. The CRC-16 polynomial should be selected by setting 
the appropriate CRCSEL bits in the ECR for both transparent 
and non-transparent EBCDIC and for transparent АЗС! coded 
messages. VRC/LRC should be selected for non-transparent 
ASCII coded messages. BSC messages are formatted using 
defined data-link control characters. Data-link control characters 
generated and recognized by the MPCC are listed in Table 4. 


Table 4. BSC Data-Link Control Characters 


Multi-Protocol Communications Controller (MPCC) 


A heading is a block of data starting with an SOH and contain- 
ing one or more characters that are used for message control 
(e.g., message identification, routing, and priority). The ЗОН 
initiates the block-check-character (BCC) accumulation, but is 
not included in the accumulation. The heading is terminated by 
STX when it is part of a block containing both heading and text. 
A block containing only a heading is terminated with an ITB or 
an ЕТВ followed by the ВСС. Only the f rst ЗОН or STX ina 
transmission block following a line turnaround causes the BCC 
to reset. All succeeding STX or SOH characters are included 
in the BCC. This permits the entire transmission (excluding the 
first SOH or STX) to be block-checked. 


The text data is transmitted in complete units called messages, 
which are initiated by STX and concluded with ETX. A message 
can be subdivided into smaller blocks for ease in processing 
and more efficient error control. Each block starts with STX and 
ends with ETB (except for the last block of a message, which 
ends with ETX). A single transmission can contain any number 
of blocks (ending with ETB) or messages (ending with ETX). An 
EOT following the last ETX block indicates a normal end of 
transmission. Message blocking without lie turnaround can be 
accomplished by using ITB (see the Additional Data Link 
Capabilities section, IBM GA 27-3004-2). 


Two modes of data transfers are used in BSC. In non-transparent 
mode, data link control characters may nct appear as text data. 
In transparent mode, each control character is preceded by a 
data link escape (DLE) character to differentiate it from the text 
data. Table 5 indicates which control characters are excluded 
in the CRC generation. All characters not shown in the table are 
included in the CRC generation. Figure 8 shows various formats 


EBCDIC | for Control/Response Blocks and Heading and Text Blocks. 
Command Byte 1 | Byte 2 | 
SYN 16* SYN 32* Е 
SOH 01 SOH 01 = Table 5. BSC Control Sequences — Inclusion 
STX 02 STX 02 = in CRC Accumulation 
ETB 17 ЕОВ (ЕТВ) 26 - | 
ЕТХ 03 ЕТХ 03 = Included in CRC Accumulation 
ENQ 05 ENQ 2D - - 
DLE 10 DLE 10 Pis Character of Sequence Yes No 
ITB 1F ITB | 1Е == TSYN - DLESYN 
EOT 04 EOT 37 - TSOH - DLESOH 
ACK N* 10 ACKO | 10 70 ТТХ" — DLESTX 
NAK 15 ACK 1 | 10 61 ТЕТВ ЕТВ DLE 
WACK 10 NAK | 30 == ТЕТХ ЕТХ DLE 
АМ 10 МАСК | 10 68 TDLE (DLE)DLIE DLE(DLE) 
RVI 19 те "И not preceded within the same block by папзрагеп! heading 
Note: "Programmable information. 

LEADING PAD SYN SYN BODY BCC TRAILING 

1 BYTE 1 BYTE 1 BYTE PAD 

(AR1) (AR2) (АР2) 11111111 


Figure 7. BSC Block Format 
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BSC Receiver Operation 


Character length defaults to eight bits in BSC mode. When ASCII 
is selected, the eighth bit is used for parity provided that 
VRC/LRC polynomial is selected. Character assembly starts after 
the receipt of two consecutive SYN characters. Serial data bits 
are shifted through the Receiver Shift Register into the Serial- 
to-Parallel Register and transferred to the RxFIFO. The RDA 
status bit in the RSR is set to 1 each time data is transferred 
to the RxFIFO. The SYN character in non-transparent mode and 
DLE-SYN pairs in transparent mode are discarded. 


The receiver starts each block in the non-transparent mode. It 
Switches to transparent mode if a block begins with a DLE-SOH 
or DLE-STX pair. The receiver remains in transparent mode until 
а DLE-ITB, DLE-ETB, DLE-ETX or DLE-ENQ pair is received. 
BCC accumulation begins after an opening SOH, STX, or DLE- 
STX. SYN characters in non-transparent mode or DLE-SYN pairs 
in transparent mode are excluded from the BCC accurhulation. 
The first DLE of a DLE-DLE sequence is not included in the BCC 
accumulation and is discarded. The BCC is checked after receipt 
of an ITB, ETB, or ETX in non-transparent mode or DLE-ITB, 
DLE-ETB, DLE-ETX in transparent mode. If а CRC error is 
detected, the C/PERR and EOF bits in the RSR are set to 1. 
If no error is detected only the EOF bit is set. If the closing 
character was an ITB, BCC accumulation and character 
assembly starts again on the first character following the BCC. 


BSC Transmitter Operation 


BSC transmission begins with the sending оі an opening pad 
(PAD) and two sync (SYN) characters. These characters are pro- 
grammable and stored in AR1(PAD) and AR2(SYN). SOH or STX 
initiates the block-check-character (BCC) accumulation. An in- 
itial SOH or STX is not included in the BCC accumulation. Should 
an underrun condition occur, the content of AR2 (normally SYN 
character) is transmitted until new characters become available. 


The message is terminated by the transnission of the BCC 
followed by a closing pad when an ETB, ITB, or ETX is fetched 
from the TxFIFO. The closing PAD is generated by the MPCC. 


In transparent mode, the BCC accumulation is initiated by DLE- 
STX and is terminated by the sequences DLE-ETX, DLE-ETB, 
or DLE-ITB. See Table 5 for character sequence and inclusion 
in CRC accumulation. If an underrun occurs, DLE-SYN charac- 
ters will be transmitted until new characters are available in the 
TxFIFO, ETC, ETX, ITB, or ENQ with а TLAST tag is treated 
as a control character and the MPCC automatically inserts a DLE 
immediately preceding these characters, DLE-ETB, DLE-ETX, 
DLE-ITB, or DLE-ENQ terminates a block of transparent text, 
and returns the data link to normal mode BCC generation is 
not used for messages beginning with characters other than 
ЗОН, STX, DLE-SOH, or DLE-STX. On all глеззаде types, if the 
TSYN bit is set to 1 in the TCR, a SYN-SYN ‘DLE-SYN sequence 
on transparent messages) sequence is transmitted before the 
next character is fetched from the ТХНЕО. 


CHARACTER ORIENTED PROTOCOLS 


The character oriented protocol (COP) option uses the format 
shown in Figure 9. It may be used for various character oriented 
protocols with 5-8 bit character sizes and optional parity check- 
ing. The input data is checked on a bit-by-bit basis for a pair 
of consecutive SYN characters to establish character syn- 
chronization. These SYN characters are discarded after detec- 
tion. The PAD and SYN characters may Ее 5-8 bits long and 
are user programmable as stored in AR1 and AR2, respectively. 


If parity checking is enabled the characters assembled after 
character sync are checked for parity errors. If STRSYN is set 
in the RCR, all SYN characters detected within the message 
will be discarded and will not be passed cn to the RxFIFO. If 
STRSYN is reset, SYNs detected within the message will be 
treated as data. 


LEADING PAD SYN SYN [ MESSAGE Г 
5-8 BITS 5-8 BITS 5-8 BITS [4 ———— — — — — 5-8 BIT CHARACTERS С — — ———*| 
(AR1) (AR1) (AR2) | 


Figure 9. Character Oriented Protocol Format 
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00-07 


NOTES: TIMING MEASUREMENTS ARE REFERENCED ТО AND FROM А LOW VOLTAGE OF 0.8 VOLTS AND А 
HIGH VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 12. MPCC Read Cycie Timing 
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o 
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NOTES: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A 
HIGH VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 13. MPCC Write Cycie Timing 
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INTERNAL 
RECEIVER 
CLOCK 
(BAUD 
RATE) 


RDSR 
ASSERT FOR 


EXTERNALLY 1 CLOCK CYCLE = ЩЕ. 
LATCHED 
ROSA 


DACK 


62 
00-07 


DONE 


aW МУНИ ШШ 


ШШ _ 


NOTES: TIMING MEASUREMENTS ARE REFERENCED ТО AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND А HIGH 
VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 14. MPCC to Memory DMA Transfer Cycle Timing (Receiver ОМА Mode). 
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2 
INTERNAL 


TRANSMITTER 
CLOCK 


ТО5А 


АЗЗЕАТ РОЯ 
1 CLOCK CYCLE 
EXTERNALLY 
LATCHED 
TDSR 


DACK 


00-07 


DONE 


DTS 


ме ШШШ AA 


NOTES: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 
VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 15. Memory to MPCC DMA Transfer Cycle Timing (Transmitter DMA Mode). 
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HIGH SPEED APPLICATION 


SS 


RxC (TxC) КИРГ 0 


Figure 16. Serial Interface TimIng 


RxD 


TxD 


NOTE: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 
VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 17. Serial Interface Echo Mode Timing 
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AC CHARACTERISTICS 
(Vcc = 5.0 Мас +5%, Vss = 0 Мас, Ta = 0°C to 70°C) 


Number Parameter Symbol Min Max Unit 
Г мен м 
2 Address Valid to CS Low tavsL 30 - |o m | 
5 02 Low to Data Invalid torpxn 10 150 ns 
6 02 Low to R/W Low tag. 20 ns 
7 02 Low to Address Invalid taral -- ns 
8 R/W Low to 02 High Тарн 0 - | m | 
9 Data Valid to 02 Low inve. 60 № | 
10 02 Low to Data Invalid t2Loxw | o» | - | „~ | 
11 02 Low to R/W High ЕТ 20 = ns 
15 DACK Low to 02 High Таган = ns 
16 02 Low to РАСК High АН ns 
17 DTS Low to 02 Low СЕЛ 60 | - | ns 
| NIMM DACK Low to Data Valid, DONE Low мо 0 | "o | ns 
19 02 Low to Data Invalid toi охов 10 150 ns 
20 РАСК, DONE Low to 92 High TT 125 — ns 
21 Data Valid to 02 Low {рул 60 — ns 
22 62 Low to Data valid COUTE WM Е EN ЕЕ 
23 02 Low to РАСК, DONE High он 65 - ns 
30 RxC and TxC Period top 248 hs ns 
31 ТхС Low to TxD Delay тето ee Ей ш] пз 
32 RxC Low to RxD Transition (Hold) {вало 0 - ns 
[88 RxD Transition to RxC Low (Setup) 'tRpRCL 30 — 
[89 | _xD to TxD Delay (Echo Mode) ES ПЕНЕН = 200 ns 


= 
| 
MDCC1 MPCC2 MPCC 1 MODEM/DCE 


Rx TIMING (DD) 
TxD RxD TxD pom) Rx DATA (BB) 

RxC 22771 TxC RxC Tx TIMING (DA) 
RxD -- TxD RxD = 


HIGH SPEED INTERFACE LOW SPEED (RS-232) INTERFACE 


Tx DATA (BA) 


— 


Figure 18. Serlal Interface 
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ABSOLUTE MAXIMUM RATINGS* 


| Parameter Symbol Value 

| Supply Voltage ~= Vec -0.3 to +7.0 
Input Voltage | Мн -0.3 to +7.0 

ЕЕ Temperature | ТА 01 +70 

| Storage Temperature | Tsta -5 to +150 


THERMAL CHARACTERISTICS 


Г Рагате!ег Symbol | Value 
Thermal Resistance LATY 
Ceramic 50 
Plastic 68 


OPERATING CONDITIONS 


Parameter 
Vcc Power Supply 


5.0V +5% 


Operating Temperature | 


0°C to 70°C 


DC CHARACTERISTICS 


Multi-Protocol Communications Controller (MPCC) 


*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 


device reliability. 


(Мос = 5.0 Мас +5%, Vss = 0 Мас, T4 = 0°C to 70°C unless otherwise noted) 


Parameter Symbol Min Max Unit | Test Conditions 
Г; = е 

Input High Voltage Vin +2.0 Voc У 

All Inputs 
= Е ИЕ 
Input Low Voltage Vit -03 + 0.8 ү 
All Inputs 
| Input Leakage Current lin ЙІ - | 10.0 pA T Мк = 0 to 5.25V 
RM, RES, CS Voc = 0 
F c Toe 

Three-State (Off State) Input Current Tis — 10.0 ҺА Vin = 0.4 to 2.4V 
IRQ, 00-07 Мес = 5.0V 

Output High Voltage Мон Vss + 2.4 - V Ve = 4.75У 
RDSR, TDSR, IRQ, 00-07, DSR, ОТВ, RTS, lloap = ~ 400A, 
TxD, TxC Croan = 130 pF 
BCLK Мон | Vas + 24 - V | Vee = 475V 

одр = 0 
Croan = 30 pF 
| - - 

Output Low Voltage VoL — 0.5 V Мес = 4.75V 
RDSR, TDSR, IRQ, 00-07, DSR, DTR, RTS, одр = 9.2 mA 
TxD, TxC, BCLK 
DONE | Voc = 4.75V 

| Loan = 8.8 mA 

Internal Power Dissipation Pint - 1 М ТА = 25°С 

4 decem 
Input Capacitance См — 13 рЕ Vin = OV 
TA = 25°C 
+ = 1 MHz 
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PACKAGE DIMENSIONS 


ao ЕЈ ом | MIN. | мах | мм | МАХ 
А |50.29 |51.56 | 1.980 | 2.030 
в B |1473 |1549 | 0.580 | 0.610 
с 1.78 305 | 0.070 | 0120 
= Ө | D | 038 | ose | 0015 [0023 
Е 1.02 1.65 | 0.040 | 0.065 
| ж | 
cAs 2 
} 
+ с 
N 


PTET ET TAPE 


37 || K m 
i: е^ шыл: 


\ N 0.58 1.78 | 0.020 | 0070 


40-PIN PLASTIC DIP 


DESCRIPTION 


The 8-bit Н65С00 microprocessor family of devices are pro- 
duced using CMOS silicon gate technology which provides 
advanced system architecture for performance speed and system 
cost-effectiveness enhancements over their NMOS counter- 
parts, the R6500 family of microprocessor devices. 


Three CPU devices are available. All are software-compatible 
and provide 64K bytes of addressable memory, interrupt input, 
and on-chip clock oscillators and drivers options. All are bus- 
compatible with the NMOS R6500 family devices. 


The CMOS family includes two microprocessors (В65С02 апа 
R65C102) with on-board clock oscillators and drivers and one 
microprocessor (R65C112) driven by external clocks. The on- 
chip clock versions are aimed at high performance, low-cost 
applications where single phase inputs, crysial or RC inputs 
provide the time base. The slave processor version is geared 
for multiprocessor system applications where maximum timing 
control is mandatory. All Н65С00 microprocessors are available 
іп ceramic and plastic packaging, operating frequency of 1 MHz, 
2 MHz, 3 MHz and 4 MHz, and commercial and industrial 
temperature versions. А! three devices are housed in 40-ріп 
packages. 


ENHANCEMENTS OVER R6502 


The CMOS family of microprocessor devices has been designed 
with many enhancements over the R6502 NMOS device while 
maintaining software compatibility. Besides the increased speed 
and lower power consumption inherent in CMOS technology, 
the Н65С00 family has added the following characteristics. 


12 new instructions for a total of 68 

59 new op codes, for a total of 210 

Two new addressing modes 

Seven software/operational enhancements 
Two hardware enhancements 


оо о ө 9 
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R65C02, R65C102, AND R65C112 
R65C00 MICROPROCESSORS (CPU) 


FEATURES 


CMOS silicon gate technology 

Low Power (4mA/MHz) 

Software compatible with R6502 

Single 5V +5% power supply requiremerits 
Eight bit parallel processing 

Decimal and binary arithmetic 

True indexing capability 

Programmable stack pointer 

Interrupt capability 

Non-maskable interrupt 

Eight-bit bidirectional data bus 

Addressable memory range of up to 64K bytes 
"Ready" input 

Direct memory access (DMA) capability 
Memory lock output 

1 MHz, 2 MHz, 3 MHz, and 4 MHz versions 
Choice of external or on-chip clocks 
On-chip clock options 

— External single clock input 

— Direct crystal input (+ 4) 

Commercial and industrial temperature versions 
Pipeline architecture 

Slave processor version (R65C112) 


ORDERING INFORMATION 


| Part Number: 


А65С02 _ _ _ 
А65С102 _ _ _ 


А65С112 T 
E= Temp. Range (T, to Ty) 


Blank = 0°C to +70°C 
Е = —40"С to +85°C 


Frequency Range 
1 = 1 MHz 
2 = 2 MHz 
3 = 3 MHz 
4 = 4 МН2 


--— Package 
С = Сегатс 
P = Plastic 


Product Description ‘Order No. 2149 
Rev. 2, February 1984 


В65С02, В65С102, and R65C112 R65C00 Microprocessors (CPU) 
FUNCTIONAL DESCRIPTION 


With the exception of a crystal oscillator, clock signals, Memory internal architecture for all three devices. This block diagram 
Latch (ML), and Bus Enable (BE) signals, the internal architec- supports the following text that describes the function of each 
ture of the three members of the R65C00 CPU of devices is iden- of the device's major elements. 


tical. Figure 1 shows the block diagram of the Н65С00 CPU 


44———- REGISTER SECTION CONTROL SECTION — —P» 
RES та NMI 


INTERRUPT 
LOGIC 
MLO 


RDY 
SYNC 
XTLO®) 


= 
А4 Q STACK 

ac PowNr M~ 

P REGISTER(S) ў 
А5 с 

ш 

= 

= 


INSTRUCTION 
DECODE 
CRYSTAL 

OSCILLATOR®) 


Аб | 
АТ | 


хтио) 
ADDRESS 
BUS x 
да 8 
P 7:1 TIMING 
< < | CONTROL 
A9 Е 
ш 
= 
= 
A10 i 
АП 
CLOCK IN, 62 ме 
A12 GENERATOR бон, 02 
$4 оџте) 
62 our 
міз 
61 сито 
A14 50 
DATA BUS INSTRUCTION RW 
A15 BUFFER REGISTER Bet 
Do 
Di LEGEND: 
02 
NOTES: 
(1) R6SCO2 ONLY рз РАТА ft 8 BIT LINE 
(2) В65С02, R65C102 ONLY 04 | BUS 
(3) В65С102 ONLY oc | SINGLE LINE 
(4) R65C112 ONLY T 
(5) R65C102, R65C112 ONLY 


Figure 1. В65С00 Internal Architecture 
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CRYSTAL OSCILLATOR (R65C102 Only) 


The crystal oscillator, driven by a crystal across XTLO and XTAI, 
divides the crystal frequency by four to provide the basic $2 
clock signal that drives the internal clock generator. 


CLOCK GENERATOR 


The clock generator develops all internal clock signals, and 
(where applicable) external clock signals, associated with the 
device. It is the clock generator that drives the timing control 
unit and the external timing for slave mode operations. 


TIMING CONTROL 


The timing control unit keeps track of the instruction cycle being 
monitored. The unit is set to zero each time an instruction fetch 
is executed and is advanced at the beginning of each phase 
one clock pulse for as many cycles as is required to complete 
the instruction. Each data transfer which takes place between 
the registers depends upon decoding the contents of both the 
instruction register and the timing control unit. 


PROGRAM COUNTER 


The 16-bit program counter provides the addresses which step 
the microprocessor through sequential instructions in a program. 


Each time the microprocessor fetches an instruction from pro- 
gram memory, the lower byte of the program counter (PCL) is 
placed on the low-order bits of the address bus and the higher 
byte of the program counter (PCH) is placed on the high-order 
8 bits. The counter is incremented each time an instruction or 
data is fetched from program memory. 


INSTRUCTION REGISTER AND DECODE 


Instructions fetched from memory are gated onto the internal 
data bus. These instructions are latched into the instruction reg- 
ister, then decoded, along with timing and interrupt signals, to 
generate control signals for the various registers. 


ARITHMETIC AND LOGIC UNIT (ALU) 


All arithmetic and logic operations take place in the ALU including 
incrementing and decrementing internal registers (except the 
program counter). The ALU has no internal memory and is used 
only to perform logical and transient numerical operations. 


ACCUMULATOR 


The accumulator is a general purpose 8-bit register that stores 
the results of most arithmetic and logic operations, and in 
addition, the accumulator usually contains one of the two data 
words used in these operations. 


INDEX REGISTERS 


There are two 8-bit index registers (X and Y), which may be 
used to count program steps or to provide an index value to be 
used in generating an effective address. 


When executing an instruction which specifies indexed 
addressing, the CPU fetches the op code and the base address, 


R65C00 Microprocessors (CPU) 


and modifies the address by adding the index register to it prior 
io performing the desired operation. Pre- or post-indexing of 
indirect addresses is possible (see addressing modes). 


STACK POINTER 


The stack pointer is an 8-bit register used to control the 
addressing of the variable-length stack on page one. The stack 
pointer is automatically incremented and decremented under 
control of the microprocessor to perform stack manipulations 
under direction of either the program or interrupts (NMI and 
IRQ). The stack allows simple implementa'ion of nested sub- 
routines and multiple level interrupts. The stack pointer should 
be initialized before any interrupts or stack operations occur. 


PROCESSOR STATUS REGISTER 


The 8-bit processor status register contains seven status flags. 
Some of the flags are controlled by the prog-am, others may be 
controlled both by the program and the CPU. The R65C00 
instruction set contains a number of conditional branch instruc- 
tions which are designed to allow testing of these flags. 


HARDWARE ENHANCEMENTS 


The R65C00 family of CPU devices have incorporated hardware 
enhancements over their NMOS counterpart, the R6502. These 
hardware enhancements are: 


e The NMOS device would ignore the assertion of a Ready 
(RDY) during a write operation. The CMOS family will stop 
the processor during 02 clock if НОУ is asserted during а 
write operation. 

On the NMOS device, unused input-only pins (IRQ, NMI, 
RDY, RES, and SO) must be connected to a low imped- 
ance signal to avoid noise problems. These unused pins on 
the CMOS devices are internally connected by a high imped- 
ance to Vcc (approximately 250K ohms). 


MAJOR FEATURES AND DIFFERENCES 


The functional aspects of and differences between the 
processor configurations are shown in Table 1. 


micro- 


Table 1. Family Comparison Chart 


alale 
Feature б 5 o 
ее 
с | с t 
Pin compatible with NMOS R6502 Xx T 
64K addressable bytes of memory X X X 
IRQ interrupt X X X 
On-chip clock oscillator X X 
External clock only x 
TTL level single phase clock input X x 
RC time base clock input X X 
Crystal time base clock input X X 
Single phase clock input X 
Two phase output clock X X 
SYNC and RDY signals X X X 
Bus Enable (BE) signal X X 
Memory Lock (ML) output signal X X 
Direct Memory Access (DMA) capacity X X 
NMI interrupt signal X X X 


R65C02, R65C102, and R65C112 
PIN ASSIGNMENTS 


Figure 2 shows the pin assignments for the three members of 
the Аб5С00 CPU family. All three devices are housed іп 40-pin, 
dual-in-line, ceramic or plastic packages. 


В65С02 


1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 


Note: N.C. means no connection (not used) 


R65C102 
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R65C112 


Figure 2. Pin Assignments 


SIGNAL DESCRIPTIONS 


Reference the timing diagrams for the particular device in the 
following discussion. 


CLOCK SIGNALS (R65C02) 


The R65C02 requires an external 00 clock. $0 is а TTL level 
input that is used to generate the internal clocks of the R65C02. 
Two full level output clocks are generated by the R65C02. The 
02 clock is in phase with 00. The 01 clock output is 180° out of 
phase with 00. When the input clock is stopped, the CPU is in 
the standby mode. 


For non-critical timing configurations, a simple RC or crystal 
network may be strapped between 00 (ІМ) and 01 (OUT). 


CLOCK SIGNALS (R65C102) 


The R65C102 internal clocks may be generated by a TTL level 
single phase input, an RC time base input, or a crystal time base 
input (+ 4) using the XTLO and XTLI input pins. Two full level 
output clocks are generated by the R65C102. The 02 clock 
output provides timing for external R/W operations. Addresses 
are valid after the address setup time (taps) referenced to the 
falling edge of 02 (OUT). The 04 output is a quadrature output 
clock that is delayed from the falling edge of the 02 clock by 
delay time tavs. Using the 04 clock, addresses аге valid at the 
rising edge of 04. 
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CLOCK SIGNALS (R65C112) 


All internal clock signals for the R65C112 are generated by the 
input clock signal 02 (IN). Since this device is intended to be 
operated in the slave mode it does not have internal clock gen- 
eration, but rather requires the external clock 02 (IN) from a host 
device. 


ADDRESS BUS (A0-A15) 


A0-A15 forms a 16-bit address bus for memory and ИО 
exchanges on the data bus. The output of each address line is 
TTL compatible, capable of driving one standard TTL load and 
130pF. ; 


DATA BUS (00-07) 


The data lines (00-07) constitute an 8-bit bidirectional data bus 
used for data exchanges to and from the device and peripherals. 
The outputs are tri-state buffers capable of driving one TTL load 
and 130pF. 


BUS ENABLE (BE) 


This signal allows external control of the data and the address 
output buffers and R/W. For normal operation, BE 
is high causing the address buffers and R/W to be active 
and the data buffers to be active during a write cycle. For exter- 
nal control, BE is held low to disable the buffers. BE is ал asyn- 
chronous signal and therefore not related to, or controlled by 
the CPU internal clock signals. 
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INTERRUPT REQUEST (IRQ) 92 in which the ready signal is low. This feature allows micro- 
processor interfacing with low-speed memory as well as direct 

This TTL compatible input requests that an interrupt sequence memory access (DMA). 

begin within the microprocessor. The IRQ is sampled during 02 __ 

operation; if the interrupt flag in the processor status register is READ/WRITE (R/W) 


zero, the current instruction is completed and the interrupt 
sequence begins during 01. The program counter and processor 
status register are stored in the stack. The microprocessor will 
then set the interrupt mask flag high so that no further IRQs may 
occur. At the end of this cycle, the program counter low byte will MM 
be loaded from address FFFE, and program counter high byte SET OVERFLOW (SO) 
from location FFFF, thus transferring program control to the 
memory vector located at these addresses. The RDY signal 
must be in the high state for any interrupt to be recognized. A 
3K ohm external resistor should be used for proper wire OR 


to be stored at the addressed memory location. 


leading edge of 02 by the processor contro time (taws). 


operation. RESET (RES) 
MEMORY LOCK (ML) This input resets the microprocessor. Reset must be held low 
__ for at least two clock cycles after Усс reaches operating voltage 
in a multiprocessor system, the ML output indicates the need from a power down. A positive transistion on this pin will then 
to defer the rearbitration of the next bus cycle to ensure the cause an initialization sequence to begin. Likewise, after the 
integrity of read-modify-write instructions. ML. goes low during system has been operating, a low on this line of at least two 
ASL, DEC, INC, LSR, ROL, ROR, TRB, TSB memory refer- cycles will cease microprocessing activity, followed by initiali- 
encing instructions. This signal is low for the modify and write zation after the positive edge on RES. 
cycles. When a positive edge is detected, there is an initialization 
— Sequence lasting six clock cycles. Then the interrupt mask flag 
NON-MASKABLE INTERRUPT (NMI) is set, the decimal mode is cleared, and the program counter 
A negative-going edge on this input requests that a non-mask- is loaded with the restart vector from locations FFFC (low byte) 
able interrupt sequence be generated within the micropro- and FFFD (high byte). This is the start location for program con- 
cessor. The ММ! is sampled during 02; the current instruction trol. Thís input should be high in normal operation. 
is completed and the interrupt sequence begins during 01. The SYNCHRONIZE (SYNC) 


program counter is loaded with the interrupt vector from loca- 
tions FFFA (low byte) and FFFB (high byte), thereby transferring 
program control to the non-maskable interrupt routine. 


NOTE stays high for the remainder of that cycle. If-the РОУ line is 

___ pulled low during the 01 clock pulse п which SYNC went high, 

Since this interrupt is non-maskable, another NMI can the processor will stop in its current state ard will remain in the 

occur before_the first is finished. Care should be taken state until the RDY line goes high. In this manner, the SYNC 

when using NMI to avoid this. signal сап be used to control RDY to cause single instruction 
READY (RDY) execution. 


This input allows the user to single-cycle the microprocessor on 


all cycles including write cycles. A negative transition to the low OPERATIONAL ENHANCEMENTS 


state, during or coincident with 01, will halt the microprocessor Table 2 lists the operational enhancements that have been 
with the output address lines reflecting the current address added to the CMOS family of CPU devices and compares the 
being fetched. This condition will remain through a subsequent results with their NMOS R6502 counterpart. 


Table 2. CMOS Operational Enhancements 


This signal is normally in the high state indicating that the 
microprocessor is reading data from memcry or ИО bus. In the 
low state the data bus has valid data from the microprocessor 


A negative transition on this line sets the overflow bit (V) in the 
processor status register. The signal is sampled prior to the 


This output line identifies those cycles during which the micro- 
processor is fetching the instruction operation code (OP CODE). 
The SYNC line goes high during 01 of an CP CODE fetch and 


Function NMOS R6502 Microprocessor CMOS Н65С00 Family Microprocessor 
Indexed addressing across page boundary. Extra read of invalid address. Extra read of last instruction byte. 
Execution of invalid op codes. Some terminate only by reset. Results are All are NOPs (reserved for “uture use). 
undefined. 
Jump indirect, operand = XXFF. Page address does not increment. Page address increments and adds one ad- 


ditional cycle. 


Read/modify/write instructions at effective One read and two write cycles. Two read and one write cycle. 


address. 

Decimal flag. Indeterminate after reset. initialized to binary mode (0-0) аћег гезе! 
and interrupts. ` 

Flags after decimal operation. Invalid N, V and Z flags. Valid flag adds one additional cycle. 

interrupt after fetch of BRK instruction. Interrupt vector is loaded, BRK vector is BRK is executed, then interrupt is executed. 


ignored. 
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ADDRESSING MODES 


The В65С00 CPU family has 15 addressing modes (two more 
than the NMOS equivalent family). In the following discussion 
of these addressing modes, a bracketed expression follows the 
title of the mode. This expression is the term used in the Instruc- 
tion Set Op Code Matrix table (later in this product description) 
to make it easier to identify the actual addressing mode used 
by the instruction. 


ACCUMULATOR ADDRESSING [Accum]—This form of ad- 
dressing is represented with a one byte instruction, implying an 
operation on the accumulator. 


IMMEDIATE ADDRESSING [IMMj—In immediate addressing, 
the second byte of the instruction contains the operand, with no 
further memory addressing required. 


ABSOLUTE ADDRESSING [ABS]—In absolute addressing, the 
second byte of the instruction specifies the eight low order bits 
of the effective address while the third byte specifies the eight 
high order bits. Thus the absolute addressing mode allows 
access to the entire 64K bytes of addressable memory. 


ZERO PAGE ADDRESSING [ZP]—The zero page instructions 
allow for shorter code and execution times by fetching only the 
second byte of the instruction and assuming a zero high address 
byte. Careful use of the zero page can result in significant 
increase in code efficiency. 


ZERO PAGE INDEXED ADDRESSING [2Р, X or Y]—(X, Y 
indexing)—This form of addressing is used with the index reg- 
ister and is referred to as “Zero Page, Х” or “Zero Page, Y”. 
The effective address is calculated by adding the second byte 
to the contents of the index register. Since this is a form of “Zero 
Page” addressing, the content of the second byte references 
a location in page zero. Additionally, due to the “Zero Page” 
addressing nature of this mode, no carry is added to the high 
order eight bits of memory and crossing of page boundaries 
does not occur. 


ABSOLUTE INDEXED ADDRESSING [ABS, X or Y]—(X, Y 
indexing)—This form of addressing is used in conjunction with 
X and Y index register and is referred to as “Absolute, X” and 
“Absolute, У". The effective address is formed by adding the 
contents of X or Y to the address contained in the second and 
third bytes of the instruction. This mode allows the index register 
to contain the index or count value and the instruction to contain 
the base address. This type of indexing allows any location ref- 
erencing and the index to modify multiple fields, resulting in 
reduced coding and execution time. 


NOTE 
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INDEXED ABSOLUTE INDIRECT [(ABS, X)]* 

The contents of the second and third instruction bytes are added 
to the X-register. The sixteen-bit result is a memory address con- 
taining the effective address. (JMP (ABS, X) only). 


IMPLIED ADDRESSING [Implied}—!n the implied addressing 
mode, the address containing the operand is implicitly stated in 
the operation code of the instruction. 


RELATIVE ADDRESSING [Relative]—Relative addressing is 
used only with branch instructions and establishes a destination 
for the conditional branch. 


The second byte of the instruction becomes the operand which 
is an “Offset” added to the contents of the lower eight bits of 
the program counter when the counter is set at the next instruc- 
tion. The range of the offset is —128 to +127 bytes from the 
next instruction. 


INDEXED INDIRECT ADDRESSING [(IND, X)]—In indexed 
indirect addressing (referred to as (Indirect, X)), the second byte 
of the instruction is added to the contents of the X index register, 
discarding the carry. The result of this addition points to a 
memory location on page zero whose contents are the low order 
eight bits of the effective address. The next memory location in 
page zero contains the high order eight bits of the effective 
address. Both memory locations specifying the high and low 
order bytes of the effective address must be in page zero. 


INDIRECT INDEXED ADDRESSING [(IND), ҮІ-Іп indirect 
indexed addressing (referred to as (Indirect), Y), the second 
byte of the instruction points to a memory location in page zero. 
The contents of this memory location are added to the contents 
of the Y index register, the result being the low order eight bits 
of the effective address. The carry from this addition is added 
to the contents of the next page zero memory location, the result 
being the high order eight bits of the effective address. 


ABSOLUTE INDIRECT [(ABS)]—The second byte of the instruc- 
tion contains the low order eight bits of a memory location. The 
high order eight bits of that memory location are contained in 
the third byte of the instruction. The contents of the fully specified 
memory location are the low order byte of the effective address. 
The next memory location contains the high order byte of the 
effective address which is loaded into the sixteen bits of the 
program counter. (JMP (ABS) only.) 


INDIRECT [(IND)}*—The second byte of the instruction con- 
tains a zero page address serving as the indirect pointer. 


*These addressing modes are not available to the ММО$ CPU 


family (e.g., the R6502). 
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INSTRUCTION SET 


Table 3 lists the instruction set for the CMOS CPU family in 
alphabetic order according to mnemonic. Table 4 lists the hex- 
adecimal codes for each of the instructions that are new to the 
CMOS family and were not available in the NMOS R6502 device 


R65C00 Microprocessors (CPU) 


family. Table 5 lists those instructions that were available on the 
NMOS family, but have been assigned new addressing modes 
in the CMOS CPU family. 


Table 3. Alphabetic Listing of Instruction Set 


Mnemonic Function | Mnemonic Function 
(2) ADC Add Memory to Accumulator with Carry NOP No Operation 
(2) AND "АМО" Memory with Accumulator 
ASL Shift Left One Bit (Memory or Accumulator) (2) ОНА "OR" Memory with Accumiator 
(1) BBR Branch on Bit Reset PHA Push Accumulator on Stack 
(1) BBS Branch on Bit Set PHP Push Processor Status on Stack 
BCC Branch on Carry Clear (1) PHX Push X Register on Stack 
BCS Branch on Carry Set (1) PHY Push Y Register on Stack 
BEQ Branch on Result Zero PLA Pull Accumulator from Stack 
(2 BIT Test Bits in Memory with Accumulator PLP Puli Processor Status from Stack 
BMi Branch on Result Minus (1) РХ Puil X Register from Stack 
BNE Branch on Result not Zero (1) PLY Pull У Register from Stack 
BPL Branch on Result Plus 
(1) BRA Branch Always (1) RMB Reset Memory Bit 
BRK Force Break ROL Rotate One Bit Left (Memory or Accumulator) 
BVC Branch on Overflow Clear ROR Rotate One Bit Right (Memory or Accumulator) 
BVS Branch on Overflow Set RTI Return from Interrupt 
RTS Return from Subroutine 
CLC Clear Carry Flag 
CLD Clear Decimal Mode SBC Subtract Memory from Accurr ulator with Borrow 
CLI Clear Interrupt Disable Bit SEC Set Carry Flag 
CLV Clear Overflow Flag SED Set Decimal Mode 
(2 СМР Compare Memory and Accumulator SEI Set Interrupt Disable Status 
CPX Compare Memory and Index X (1) SMB | Set Memory Bit 
CPY Compare Memory and Index Y (2) ЭТА Store Accumulator п Memory 
STX Store index X in Memory 
(2) DEC Decrement Memory by One STY Store Index Y in Memory 
DEX Decrement Index X by One | (1) STZ Store Zero 
DEY Decrement Index Y by One | 
| TAX | Transfer Accumulator to Index X 
(2) EOR "Exclusive-OR* Memory with Accumulator TAY Transfer Accumulator to Index У 
(1) TRB Test and Reset Bits 
(2) INC Increment Memory by One (1 TSB Test and Set Bits 
INX Increment Index X by One TSX Transfer Stack Pointer to Index X 
МУ Increment Index У by One TXA Transfer Index X to Accumulator 
TXS Transfer index X to Stack Register 
(2  JMP Jump to New Location TYA Transfer Index Y to Accumulator 
JSR Jump to New Location Saving Return Address 
(2) LDA Load Accumulator with Memory 
LDX Load Index X with Memory 
LDY Load index Y with Memory 
| LSR Shift One Bit Right (Memory or Accumulator) 
L 
Notes: 
(1) instruction not available on the NMOS family. 
(2) R6502 instruction with additional addressing mode(s). 


2-208 


R65C02, R65C 102, and R65C112 В65С00 Microprocessors (CPU) 


Table 4. Hexadecimal Codes For New instructions In The CMOS Family 


NN Hex Mnemonic Description 
zo 
80 BRA Branch relative always [Relative] 
3A DEC Decrement accumulator [Accum] 
1A INC Increment accumulator [Accum] 
DA PHX Push X on stack [Implied] 
5A PHY Push Y on stack [Implied] 
FA PLX Pull X from stack [Imptied] 
ТА PLY Pull Y from stack [Implied] 
9C STZ Store zero [Absolute] 
9E STZ Store zero [ABS, X] 
64 STZ Store zero [ZP] 
74 STZ Store zero [ZP, X] 
1C TRB Test and reset memory bits with accumulator [ABS] 
14 TRB Test and reset memory bits with accumulator [ZP] 
ос TSB Test and set memory bits with accumulator [ABS] 
04 TSB Test and set memory bits with accumulator [ZP] 
89 BIT Test Immediate with accumulator [IMM] 
OF-7F™ BBR Branch on bit reset [Bit Manipulation, ZP, REL] 
BF-FF' BBS Branch on bit set [Bit Manipulation, ZP, REL] 
07-77 RMB Reset memory bit [Bit Manipulation, ZP] 
87-27} SMB Set memory bit [Bit Manipulation, ZP] 
Note: 


1. Most significant digit change only. 


Tabie 5. Hexadecimal Codes For Instructions With New CMOS Addressing Modes 


Hex Mnemonic Т Description 

TU 
72 ADC Add memory to accumulator with carry [(IND)] 
32 AND AND memory with accumulator [(IND)] 
3C BIT Test memory bits with accumulator [ABS, X] 
34 BIT Test memory bits with accumulator [ZP, X] 
D2 СМР Compare memory and accumulator [(IND)] 
52 EOR Exclusive Or memory with accumulator [(IND)] 
7C JMP Jump (New addressing mode) [(ABS, X)] 
B2 LDA Load accumulator with memory [(IND)] 
12 ORA OR memory with accumulator [(IND)] 
F2 SBC Subtract Memory from accumulator with borrow [(IND)] 
92 STA Store accumulator in memory [(IND)] 
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В65С02, R65C102, and R65C112 Н65С00 Microprocessors (CPU) 
INSTRUCTION SET OP CODE MATRIX 


The following matrix shows the 210 Op Codes associated with the number of instruction bytes, and the number of machine 
the R65C00 family of CPU devices. The matrix identifies the cycles associated with each Op Code. Also, refer to the insfruc- 
hexadecimal code, the mnemonic code, the addressing mode, tion set summary for additional information on these Op Codes. 
LSD 
a 0 1 2 3 6 7 8 9 A B D E F 
[2] r M 2 
= ВВК | ОВА ASL PHP | ORA | ASL ОВА | ASL l 
0 | Implied | (IND, X) 2Р Ітріеа | IMM | Accum ABS ABS 0 
17|26 25 13 [22 | 12 34/36 
L т ~ 
ВР! | ORA | ОВА ASL сс | ORA | INC ORA | ASL 
1 | Relative | (IND), Y | (IND) tmptied | ABS, Y | Accum ABS, X | ABS, X 1 
22725 125 12134112 3 4|3 
JSR Г AND BIT АМО PLP | AND | ROL AND | ROL 
2 | ABS |(IND, X) 7Р 2Р Implied | IMM | Accum ABS | ABS | ABS 2 
3 6 26 23 23 14 22 12 34, 34 3 
ВМ! | АМО | AND вт | AND SEC | AND | DEC AND | ROL 
3 | Relative| (IND), Y | (IND) 2Р,х | 2Р,х | ZP,x Implied | ABS, У | Accum ABS, X] ABS. X | ABS, X 3 
proe p К 12/3 4 |12 за |3 
вт! | EOR PHA | EOR EOR 
4 | implied | (IND, X) Implied | IMM ABS 4 
16/26} 1322 з а 
ВУС | EOR ЕОВ си ЕОВ ЕОВ 
5 | Relative | (IND), Y | (IND) Implied | ABS, Y | implied ABS, X | ABS, X 5 
22''25 ]25 12134113 | за | 3 
4 E | 
RTS ADC PLA | ADC : ЈМР | ADC 
6 | Implied | (IND, Х) Implied | IMM | Accum | (ABS) | ABS 6 
1 6 | 261 14 | 2 2f 2 36134 
ВУЗ | ADC ADC SE! АОС | PLY JMP | ADC | в 
7 | Relative) (IND), Y | (IND) Implied | ABS, Y | Implied (ABS, X] ABS, X | ABS, X 7 
2 2" |2 5112 5t 12 13 44 36 |3 «t: 
5ТА ОЕУ ТХА STY | STA 
8 (IND, X) Implied | Implied ABS | ABS 8 
26 12 34/34 
BCC | STA STA TYA STA TXS STZ STA 3TZ 
9 | Relative | (IND), Y | (IND) implied | ABS, Y Implied ABS | ABS, X | АЗ$, X g 
2 2126 |2 5 12 |35 !12 34] 35 
toy | LDA | рх Tay | LDA | TAX LDY | LDA ! 
A | IMM [(IND, X) | IMM Implied | ММ |Implied ABS | ABS |, A 
22126 |22 121|22:12 341341 
| BCS | LDA LDA LDY civ | LDA | TSX LDY | LDA 
В | Relative | (IND), Y | (IND) ZP, X Implied į ABS, Y | Implied ABS, ХІ ABS, X | ABS, Y B 
22: 25 |25 24 12 [34 |112 зғізгіз т 
ІН T карз Fea is д 
СРҮ | СМР СРҮ ІМҮ | СМР | DEX | СРУ | СМР | ОЕС 
С мм | (IND, X) 2Р Implied IMM implied ABS ABS | ABS с 
22126 23| 12 [22 12 134/53 4/56 
4. YT ams а = 
ВМЕ | СМР | СМР cto | cmp | внх | Г СМР | DEC 
D | Relative| (IND), Y | (IND) Implied | ABS, Y | Implied ‚ ABS, X | ABS, X D 
2 27) 2 5 25 12134 | 13 2245-5527 
1 25 DOCERE, Mio 
CPX SBC CPX INX + SBC | NOP CPX | SBC МС 
Е | IMM |(IND, X) | 7Р Implied © IMM | implied ABS | ABS | ABS Е 
22126 23 12:2 2112 3.4/3 4{| 5 6 
| or E Г, 
ВЕО | sBC | SBC SED | SBC | PLX | SBC | INC 
F | Relative! (IND), Y | (IND) Implied | ABS, Y | Implied ABS, X | AUS, X F 
PE 2 st 2 5f T2: [3.4 14 i 3 41 а 
0 1 2 3 4 5 6 7 8 9 A B с D E F 
0 
TAdd 1 to N if in decimal тос. 
BRK — ОР Соде "Ада 1 to N if page boundary is crossed. 
— New Opcode 0 | Implied | Addressing Mode “Ада 1 to N if branch occurs to same раде; 
11.7. --іпвігисіол Bytes: Machine Cycles Add 2 to М if branch occurs to different page 
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R65C02, R65C102, and R65C112 R65C00 Microprocessors (CPU) 
AC CHARACTERISTICS 


1 MHz 2 MHz 3 MHz 4 MHz T 
Parameter Symbol | Min _| Мах Мїп Мах | Min Мах | Min | Мах Unit 
CLOCK TIMING 
T^ m T я "E 
02 Cycle Time | їсүс 1 1000 Моје 1 500 Моје 1 333 Note 1 250 Мое 1 ns 
ia + Е я T: Жр! 
02 Low Pulse Width ісі 430 5000 210 5000 150 5000 | 100 5000 ns 
4 + а =}: 
92 High Pulse Width T ton | 450 = 220 = 160 = по | = ns 
+ 
90 Low to 02 Low Skew® lad =] 5 | — 50 | a | = зо | ns | 
02 Low to (1 High Skew®) tsk -20 20 -20 20 -20 20 | -20 20 ns 
XTLI High to 02 Low? | tox: [ — 100 — 100 | = |: 100 — 100 ns 
XTLO Low to 02 [ом toxo - 75 - 75 - 75 — | 75 ns 
i (4) Г ЊЕ = = 3 t 
02 Low to 04 High Delay’ | tas | 250 | 125 | 28. | 65 | ns | 
04 Low Pulse Width‘ ба. 430 | - 210 - | 150 — 100 - ns 1 
ба High Pulse Млаћ | tym | 450 5000 | 220 5000 160 5000 110 5000 ns 
Clock Rise and Fall Times ta, Е 20) 25 — 20 = 15 i — 12 ns 
READ/WRITE TIMING 
ВАМ Setup Time taws = 25 | — [| 100 ] = 75 на во | ns 
= =} are 
R/W Hold Time tunw 15 = 15 = 15 == 15 - ns 
-- T T Tv жы uy 
Address Setup Time litis = 125 =| 100 = 75 = 60 | ns 
Address Valid to 04 High " 100 = 25 — | о = 0 = | ns 
Address Hold Time БЕГІН 15 -| 5 — 5 ES 5 | — | пе 
Read Access Time tace 775 - 340 - 215 - 160 - ns 
ү: | | 
Read Data Setup Time а 100 | = во | = |а = | ЕСЕ ЖЕРИ ЕТІН 
Read Data Hold Time | tur 10 = 10 — 10 | = 10 - ns 
t " (2) 9 тас? E bm || 
Write Data Delay Time! tuos | 200 | 110 | | 85 | | 55 |- п5 
Write Data Delay Time | toow = 200 - 10 - 85 - 55 ns 
i- 4 | 
Write Data Delay Time® орт = 450 — | 235 = 170 = 7 120 | ns 
c д t t Г = 
Write Data Hold Time tuw 30 - 30 — 30 - 30 - ns 
CONTROL LINE TIMING 
SYNC Delay love ЕЗ 125 | — 100 = 75 = 60 ] ns 
RDY Setup Time i taps | 200 E = 110 — | в — | 60 — | ns 
SO Setup Time 1505 75 -| | = | 4 | = БЕСТЕ ens Т) 
2 | 1 - 
ML Delay Птеб) ts - 125 - 100 = 75 = 60 ns 
ML Hold Time? "T 10 = | 1 = vj um 10 — | ns 
ime(8 Es um == == 
ML Hold Time do Мн 15 | 15 1 E 15 ТІ 15 | ns | 
j 5X9; РЕ - 
BE Delay Тіте(5/9) | ee J 40 | Л; 40 Ee 40 4 i 40 ns 
BE Setup Тіте(5Х9) tev — 60 — 60 Г - 60- - 60 ns 
oe = "тт m m 
IRQ, RES Setup Time tis 200 = 110 | - 80 = 60 = ns 
КҮҮП 7 | ЈЕ T T E 
NMI Setup Time tu 200 — 150 — 100 - 70 - ns 
Notes: 
1. R65C02 and R65C102 minimum operating frequency is limited by 02 low pulse width. All processors can be stopped with 92 heid high. 
2. R65C02 only. 
3. R65C02 and R65C102 only. 
4. R65C102 only. 
5. R65C102 and Н65С112 only. 
6. R650112 only. 
7. Voltage levels shown are V, = 0.4V and Vy = 2.4V unless otherwise stated. 
8. Measurement points shown are 0.8V (low) and 2.0V (high) for inputs and 1.5V (low and high) for outputs, unless otherwise specified. 
L 9. BE signal is asynchronous. d 
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R65C02, R65C102, and R65C112 R65C00 Microprocessors (CPU) 


tn tr 
$0 (IN) 
| у 
$1 (OUT) 
tou: in t te 
сн 
62 (OUT) 
tua: ям 
А0-А15, RW 
SYNC 
<—~ lun 
00-07 ох 
(ВЕАО) о 


00-07 4/910, Фр Фе, жы 797020670707; 
(X Фе, 7,069,656 052; 
(WRITE) ШЕ 50550500505 ASI В (55050500 


ROY ACTIVE +— tis 


ноу, а ----- 


|| t tym 
505 
taps 


4| 
tae tae 
ВЕ* 


tev 


NOTE: ALL TIMING IS REFERENCEO FROM A HIGH VOLTAGE OF 2.4 VOLTS ANO A LOW OF 0.5 VOLTS. 
“Мі. (MEMORY LOCK) ANO BE (BUS ENABLE) NOT APPLICABLE ТО Н65С02. 


Figure 3. Timing Diagram for the R65C02 and Н65С112 
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R65C02, R65C102, and R65C112 


R65C00 Microprocessors (CPU) 


XTLI (IN) 


— 


XTLO (OUT) 


x. зе” Бы жаа тен аа ЖЕ ы 


=: toxo 
— te i 
62 (OUT) ton 
t tr 
К Мн ——— —9 
ts: 
64 (OUT) / 
= tags |_ 
tarw tua = READ (R/W = HIGH) 
RW: SYNC, ХМ | WRITE (R/W = LOW) 
А0-А15, ML = --- 
| (ee ee 
— tua ipsu —3- 
00-07 ОУ УУ OOO о И OI 
) XO С О ОКО ООО 
(READ) ООС 
DATA VALID 
00-07 25970502 Роберто У 9676, 
о ОК КО КО М 
(WRITE) CIOS SPO. 
ни — — бом 
tsos - {505 
56 {| 
Тм: RDY АСТМЕ lis 
RDY, IRQ, Eu eae ( 
NMI, RES IRQ, NMI AND RES АСТМЕ 
tee tae ET 
BE* taps 


tay 


NOTE: ALL TIMING IS REFERENCED FROM A HIGH VOLTAGE OF 2.4 VOLTS AND A LOW OF 0.5 VOLTS. 


Figure 4. Timing Diagram for the R65C102 


CRYSTAL/CLOCK CONSIDERATIONS 


CRYSTAL/CLOCK CIRCUITS 

Figure 5 shows a time base generation scheme, for 4 MHz opera- 
tion of the R65CO2, that has been tested and proven reliable for 
normal environments. As with any clock oscillator circuit, stray 
capacitance due to board layout can cause unpredictable results 
requiring “fine tuning" of the circuit. Figure 6 shows a possible 
external clock scheme for a R65C102 and R65C112 master/slave 
configuration. Table 6 identifies nominal crystal parameters for 
five crystal frequencies. 
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Table 6. Nominal Crystal Parameters 


FREQ | 3.58 | 4.0 6.0 во | 160 | MHz; 
RS 60 50 30-50 20-40 10-30 R 
co 35 6.5 4-6 4-6 3-5 pF 
C1 015 025 .01-.02 .01-.02 .01-.02 pF 
Q 740K 730K 720K 720K 720K K 

Note: These represent at-cut crystal parameters only. Others may | 

be used. 


R65C02, R65C 102, and R65C112 


В65С00 Microprocessors (CPU) 


1.5K 


3.0K 


NOTES: *CRYSTAL: CTS KNIGHTS MP SERIES, OR EQUIVALENT. 
**SEE CAUTION FOR STANDBY OPERATION. 


бо (IN) 
R65C02 


02 (QUT) 62 


Figure 5. Example of R65C02 Time Base Generation 


R65CH2 — gi 
(SLAVE MODE) |37 


F CIN couT | 62 | 
16 MHz 16 pF 16 pF 4 MHz 
8 MHz 18 pF 18 pF 2 MHz 
6 MHz 20 pF 20 pF 1.5 MHz 
4 MHz 24 pF 24 pF 1 MHz 


THE OSCILLATOR IN THE R65C102 IS SERIES RESONANT. 
THE CRYSTAL INPUT IS DIVIDED BY 4: (R65C102 ONLY) 
_ XTAL 
4 
SEE CAUTION FOR STANDBY OPERATION. 


Figure 6. Example of External Clock for R65C102 


STOPPING THE CLOCK-STANDBY MODE 


Caution must be exercised when configuring the R65C02 
or R65C112 in the standby mode (i.e., 90 IN or @2 IN clock 
Stopped). The input clock can be held in the high state indefi- 
nitely; however, if the input clock is held in the low state longer 
than 5 microseconds, internal register and data status can be 
lost. Figure 7 shows a circuit that will stop the 00 IN (В65С02) 
or 02 IN (R65C112) clock in the high state during standby mode. 


і = БТАМОВУ 
Н = АСТМЕ 


ТІМЕ 
ВАЅЕ 
(ЗЕЕ 
FIGURE 5**) 


NOTE: 
1. R65C02 = 60 (ІМ) 
Н65С112 = 02 (IN) 


Figure 7. Standby Mode Circuit 
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R65C02, R65C 102, and R65C112 
MAXIMUM RATINGS* 


R65C00 Microprocessors (CPU) 


*Note 


Stresses above those listed may cause permanent damage to 
the device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


T 7 
Рагатејег Symbol Value Unit 
Supply Voltage Voc -03 to +70 Vdc 
Input Voltage Vin —0.3 to Veg +03 Мас 
Output Voltage Vout —03 to Veg +03 Vde 
Operating Temperature ТА °С 
Commercial О to +70 
Industrial —40 to +85 
Storage Temperature Тота -55 to +150 °C 
OPERATING CONDITIONS 
Parameter | Symbol Value 
Supply Voltage Voc 5V +5% 
Temperature Range Ta 
Commercial 0° to 70°C 
Industrial ~40°C to +85°C 


DC CHARACTERISTICS 


Parameter | Symbol Min || Тур Мах Unit Test Conditions 
Input High Voitage Мін | M 
АН Other Input Pins 2.0 Мос + 0.3 
60 on А65С02 2.4 Мес + 0.3 
02 оп А65С112 Мес - 0.4 Voc + 0.3 
| i 
Input Low Voltage | "ЛЕ M 
All Other Input Pins -0.3 +0.8 
00 on В65С02 -03 +0.4 
02 оп R65C112 -0.3 +0.4 
Input Leakage Current lin pA Vy = OV to 5.25V 
NMI, IRQ, BE, RDY, RES, SO == -50 М.с = OV 
02 IN, 00 IN, XTLI == 1.0 
Three-State (Off State) Input Current а pA Vy = 0.4V to 2.4V 
Data Lines == E 10 М.с = 5.25V 
Output High Voltage 
SYNC, Data, A0-A15, ВАМ, 01, 02, 04, ML Мон 2.4 - V Мас = 4.75\ 
| здр = -100 дА 
Output Low Voitage is Мо. — +0.4 V Мас = 4.75V 
SYNC, Data, A0-A15, ВАМ, 01, 02, 04, ML | здр = 1.6 pA 
Зиррју Ситет T 
Standby* loc - 2 10 pA Мес = 5.0V 
Active (R65C02) — 2.6 4 mA/MHz 
Active (R65C102) = 5 7 mA/MHz 
Active (R65C112) = 2 4 mA/MHz 
Low Power (R65C02) — 1.1 2 mA/MHz RƏY = 0 
Low Power (R65C 102) 3 4 mA/MHz ROY = 0 
Low Power (R65C112) 0.7 1 mA/MHz 
Capacitance | C pF 
NMi, IRQ, SO, BE, RDY Cin — 7 Усс = 5.0V 
Data, 01, 02, 64, ML, XTLO - 10 Vin = OV 
А0-А15, R/W, SYNC Cour f = 1 MHz 
00 (IN), XTLI Co 10 T, = 25°C 
02 (IN) с = 30 
Notes: 
1. All units are direct current (dc). 
2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. IRQ апа NMI require external pull-up resistor. 
4. Typical values are shown for Усс = 5.0V and Т = 25°C 


2-216 


6% 


Rockwell 


PRELIMINARY 
FEATURES 


DESCRIPTION 


The R65C21 Peripheral Interface Adapter (PIA) is designed to 
solve a broad range of peripheral control problems in the imple- 
mentation of microcomputer systems. This device allows a very 
effective trade-off between software and hardware by providing 
significant capability and flexibility in a low cost chip. When cou- 
pled with the power and speed of the R6500, R6500/* or Н65С00 
family of microprocessors, the R65C21 allows implementation 
of very complex systems at a minimum overall cost. 


Control of peripheral devices is handled primarily through two 
8-bit bidirectional ports. Each of these lines can be programmed 
to act as either an input or an output. In addition, four peripheral 
control/interrupt input lines are provided. These lines can be 
used to interrupt the processor or to "handshake" data between 
the processor and a peripheral device. 


ORDERING INFORMATION 


The R65C21 is available in both a ceramic and a plastic 40-pin 
package, a commercial or industrial operating temperature range, 
and operating frequencies of 1, 2, 3, or 4 MHz. These versions 
are coded into the part number as follows: 


Part Number: 
R65C21. 
Temperature Range (T, to Ty): 
Blank = 0°С to +70°С 
Е = —40°C to +85°C 


Frequency Range: 


1-1 MHz 

2 =2 MHz 

3 = 3 MHz 

4 = 4 Mhz 
Package: 

C = Ceramic 

P = Plastic 


Document No. 29651N53 


R65C21 


R65C21 


PERIPHERAL INTERFACE ADAPTER (PIA) 


Low power CMOS М-ме! silicon gate technology 


e Direct replacement for NMOS R6520 or MC6821 PIA 


Two 8-bit bidirectional I/O ports with individual data direction 
control 

Automatic “Handshake” contro! of data transfers 

Two interrupts (one for each port) with program control 

1, 2, 3, and 4 MHz versions 

Commercial and industrial temperature range versions 
40-pin plastic and ceramic versions 

5 volt +5% supply requirements 

Compatible with the R6500, R6500/" and Я65С00 family of 
microprocessors 
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о фо чо шл оо һу — 


Figure 1. R65C21 Pin Configuration 


Product Description Order No. 2150 
Rev. 2, March 1984 


R65C21 


FUNCTIONAL DESCRIPTION 


The R65C21 PIA is organized into two independent sections 
referred to as the A Side and the B Side. Each section consists 
of a Control Register (CRA, CRB), Data Direction Register 
(DDRA, DDRB), Output Register (ORA, ORB), Interrupt Status 
Control (ISCA, ISCB), and the buffers necessary to drive the 
Peripheral Interface buses. Data Bus Buffers (DBB) interface 


Peripheral Interface Adapter (PIA) 


data from the two sections to the data bus, while the Data Input 
Register (DIR) interfaces data from the DEB to the PIA registers. 
Chip Select and R/W control circuitry inte face to the processor 
bus control lines. Figure 2 is a block diagram of the R65C21 
PIA. 


CONTROL 
REGISTER A 


DO 
D1 

D2 
D3 
D4 
D5 
D6 
07 


DATA BUS 
BUFFER 
(DBB) 


OUTPUT BUS 


PERIPHERAL 


DATA INPUT 
REGISTER 


(DIR) PERIPHERAL 


OUTPUT 
REGISTER B 
(ORB) 


cso 
csi 
652 
RSO 
RS1 
RW 
02 
"RES 


CHIP 


SELECT 
INPUT BUS 


& ВМ 
CONTROL 


CONTROL 
REGISTER B 


(CRB) 


вов 44З----------- 


| у 


— 1 n 


INTERRUPT STATUS 
CONTROL A (ISCA) 


DATA DIRECTION 
REGISTER A 
(DDRA) 


PAO 
РАЛ 

PERIPHERAL PA2 
INTERFACE PA3 
BUFFER A РАД 
(PIBA) PAS 
PAG 

РАТ 

PBO 

РВ1 

PERIPHERAL PB2 
INTERFACE PB3 
BUFFER B PB4 
(РВВ) РВ5 


Ї 


DATA DIRECTION 
REGISTER B 
(DDRB) 


П ШШ 


INTERRUPT STATUS 


CONTROL B (ISCB) "T 


Figure 2. 
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R65C21 PIA Block Diagram 


R65C21 


DATA INPUT REGISTER (DIR) 


When the microprocessor writes data into the PIA, thé data 
which appears on the data bus during the 02 clock pulse is 
latched into the Data Input Register (DIR). The data is then 
transferred into one of six internal registers of the PIA after the 
trailing edge of the @2 clock. This assures that the data on the 
peripheral output lines will make smooth transitions from high 
to low (or from low to high) and the voltage will remain stable 
except when it is going to the opposite polarity. 


CONTROL REGISTERS (CRA AND CRB) 


Table 1 illustrates the bit designation and functions in the two 
control registers. The control registers allow the microprocessor 
to control the operation of the interrupt Control inputs (САТ, 
CA2, CB1, CB2), and Peripheral Control outputs (CA2, CB2). 
Bit 2 in each register controls the addressing of the Data Direc- 
tion Registers (DDRA, DDRB) and the Output Registers (ORA, 
ORB). In addition, two bits (bit 6 and 7) in each control register 
indicate the status of the Interrupt input lines (САТ, CA2, СВ1, 
CB2). These interrupt Status bits (IRQA1, IRQA2 ог IRQB1, 
IRQB2) are normally interrogated by the microprocessor during 
the IRQ interrupt service routine to determine the source of the 
interrupt. 


DATA DIRECTION REGISTERS (DDRA, DDRB) 


The Data Direction Registers (DDRA, DDRB) allow the pro- 
cessor to program each line in the 8-bit Peripheral ИО port to 
be either an input or an output. Each bit in DDRA controls the 
corresponding line in the Peripheral A port and each bit in DDRB 
controls the corresponding line in the Peripheral B port. Writing 
a “0” in a bit position in the Data Direction Register causes the 
corresponding Peripheral ИО line to act as an input; a “1” 
causes it to act as an output. 


Bit 2 (DDRA, DDRB) in each Control Register (CRA and CRB) 
controls the accessing to the Data Direction Register or the 
Peripheral interface. If bit 2 is a “1,” a Peripheral Output register 
(ORA, ORB) is selected, and if bit 2 is a "0," a Data Direction 
Register (DDRA, DDRB) is selected. The Data Direction Reg- 
ister Access Control bit, together with the Register Select lines 
(RSO, RS1) selects the various internal registers as shown in 
Table 2. 


In order to write data into DDRA, ORA, DDRB, or ORB registers, 
bit 2 in the proper Control Register must first be set. The desired 
register may then be accessed with the address determined by 
the address interconnect technique used. 


Peripheral Interface Adapter (PIA) 


PERIPHERAL OUTPUT REGISTERS (ORA, ORB) 


The Peripheral Output Registers (ORA, ORB) store the output 
data from the Data Bus Buffers (DBB) which appears on the 
Peripheral О port. If a line on the Peripheral A Port is pro- 
grammed as an output by the DDRA, writing a O into the cor- 
responding bit in the ORA causes that line to go low («0.4 V); 
writing a 1 causes the line to go high. The lines of the Peripheral 
B port are controlled by ORB in the same manner. 


INTERRUPT STATUS CONTROL (ISCA, ISCB) 


The four interrupt/ peripheral control lines (CA1, CA2, CB1, CB2) 
are controlled by the Interrupt Status Control logic (A, B). This 
logic interprets the contents of the corresponding Control Reg- 
ister and detects active transitions on the interrupt inputs. 


PERIPHERAL I/O PORTS (РАО-РА7, РВО-РВ7) 


The Peripheral A and Peripheral В VO ports allow the micro- 
processor to interface to the input lines on the peripheral device 
by writing data into the Peripheral Output Register. They also 
allow the processor to interface with the peripheral device output 
lines by reading the data on the Peripheral Port input lines 
directly onto the data bus and into the internal registers of the 
processor. 


Each of the Peripheral ГО lines can be programmed to act as 
an input or an output. This is accomplished by setting a 1 in the 
corresponding bit in the Data Direction Register for those lines 
which are to act as outputs. A 0 in a bit of the Data Direction 
Register causes the corresponding Peripheral /О lines to act 
as an input. 


The buffers which drive the Peripheral A /О lines contain "pas- 
sive" pull-up devices. These pull-up devices are resistive in 
nature and therefore allow the output voltage to go to VCC for 
a logic 1. The switches can sink a full 3.2 mA, making these 
buffers capable of driving two standard TTL loads. 


In the input mode, the pull-up devices are still connected to the 
VO pin and still supply current to this pin. For this reason, these 
lines also represent two standard TTL loads in the input mode. 


The Peripheral B /О port duplicates many of the functions of 
the Peripheral A port. The process of programming these lines 
to act as an input or an output is similar to the Peripheral A port, 
as is the effect of reading or writing this port. However, there 
are several characteristics of the buffers driving these lines 
which affect their use in peripheral interfacing. 


Table 1. Control Registers Bit Designations 
7 6 | 5 а 3 2 
DDRA 
CRA IRQA1 IRQA2 | CA2 Control Needs CA1 Control 
7 6 5 4 3 2 0 
DDRB 
CRB IRQB1 IRQB2 CB2 Control ADT. св! Control 
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Н65С21 


Peripheral Interface Adapter (PIA) 


The Peripheral В ИО port buffers are push-pull devices i.e., the 
pull-up devices are switched OFF in the 0 state and ON for a 
logic 1. Since these pull-ups are active devices, the logic 1 
voltage will not go higher than +2.4\. 


Another difference between the PAO-PA7 lines and the PBO 
through PB7 lines is that they have three-state capability which 
allows them to enter a high impedance state when programmed 
to be used as input lines. In addition, data on these lines will be 
read properly, when programmed as output lines, even if the 
data signals fall below 2.0 volts for a "high" state or are above 
0.8 volts for a "low" state. When programmed as output, each 
line can drive at least a two TTL load and may also be used as 
a source of up to 3.2 milliamperes at 1.5 volts to directly drive 
the base of a transistor switch, such as a Darlington pair. 


Because these outputs are designed to drive transistors directly, 
the output data is read directly from the Peripheral Output Reg- 
ister for those lines programmed to act as inputs. 


The final characteristic is the high-impedance input state which 
is a function of the Peripheral B push-pull buffers. When the 
Peripheral B VO lines are programmed to act as inputs, the 
output buffer enters the high impedance state. 


DATA BUS BUFFERS (DBB) 


The Data Bus Buffers are 8-bit bidirectional buffers used for data 
exchange, on the 00-07 Data Bus, between the microprocessor 
and the РІА. These buffers are tri-state and are capable of 
driving a two TTL load (when operating in an output mode) and 
represent a one TTL load to the microprocessor (when oper- 
ating in an input mode). 


INTERFACE SIGNALS 


The PIA interfaces to the R6500, R6500/* or the В65С00 micro- 
processor family with a reset line, a $2 clock line, a read/write 
line, two interrupt request lines, two register select lines, three 
chip select lines, and an 8-bit bidirectional data bus. 


The PIA interfaces to the peripheral devices with four interrupt/ 
control lines and two 8-bit bidirectional data buses. 


Figure 1 (on the front page) shows the pin assignments for these 
interface signals and Figure 3 shows the interface relationship 
of these signal as they pertain to the CPU and the peripheral 
devices. 


CHIP SELECT (CSO, CS1, CS2) 


The PIA is selected when CSO and CS1 are high and CS2 is 
low. These three chip select lines are norrially connected to the 
processor address lines either directly or through external 
decoder circuits. When the PIA is selected, data will be trans- 
ferred between the data lines and PIA registers, and/or periph- 
eral interface lines as determined by the R/W, 850, and 851 
lines and the contents of Control Ведізіе 5 A and В. 


RESET SIGNAL (RES) 


The Reset (RES) input initializes the R65221 PIA. A low signal 
on the RES input causes all internal registers to be cleared. 


CLOCK SIGNAL (02) 


The Phase 2 Clock Signal ( $2) is the system clock that triggers 
all data transfers between the CPU and the PIA. $2 is gener- 
ated by the CPU and is therefore the synchronizing signal 
between the CPU and the PIA. 


READ/WRITE SIGNAL (R/W) 


Read/Write (R/W) controls the direction of data transfers between 
the PIA and the data lines associated with the CPU and the 
peripheral devices. A high on the R/W line permits the peripheral 
devices to transfer data to the CPU from the PIA. A low on the 
R/W line allows data to be transfered чот the CPU to the 
peripheral devices from the PIA. 


REGISTER SELECT (150, 851) 


The two Register Select lines (RSO, RS:), in conjunction with 
the Control Registers (CRA, CRB) Data Direction Register access 
bits (see Table 1, bit 2) select the various R65C21 registers to 
be accessed by the CPU. RSO and В$1 are normally connected 
to the microprocessor (CPU) address output lines. Through con- 
trol of these lines, the CPU can write directly into the Control 


00-07 

62 

RAW 

R6500, noe 
R6500/ RS1 

OR 

лаб cso 
MICROPROCESSOR 652 
FAMILY RES 
ІНОА 

IRQB 

VSS 

vec 


С ie) > PAO-PA7 


PERIPHERAL 
DEVICE 


САТ A 


CA2 


R65C21 


PERIPHERAL 
DEVICE 
B 


C m — У РВО-РВ7 


Figure 3. Interface Signals Relationship 


R65C21 


Peripheral Interface Adapier (PIA) 


Registers (CRA, CRB) the Data Direction Registers (DDRA, 
DDRB) and the Peripheral Output Registers (ORA, ORB). In 
addition, the processor may directly read the contents of the 
Control Registers and the Data Direction Registers. Accessing 
the Peripheral Output Register for the purpose of reading data 
back into the processor operates differently on the ORA and the 
ORB registers and therefore are shown separately in Table 2. 


Table 2. ОНА and ORB Register Addressing 


Register | Data Direction] 
Register Select Lines Control Register Operation 
Address CRA | CRB M m 
(Нех) |RS1 | RSO | (Bit 2) | (Bit 2) R/W=H R/W-L 


1 = 


Read PIBA [Write ORA 
Read DDRA| Write DDRA 
Read CRA |Write CRA 
Read PIBB |Write ORB 
Read DDRB|Write DDRB 


1 
0 
— |Read CRB |Write CRB 


ою № о о 
rrrrrr 
СА“ Ер 


INTERRUPT REQUEST LINES (IRQA, IRQB) 


The active low Interrupt Request lines (RQA and ІНОВ) act to 
interrupt the microprocessor either directly or through external 
interrupt priority circuitry. These lines are open drain and are 
capable of sinking 1.6 milliamps from an external source. This 
permits ail interrupt request lines to be tied together in a wired- 
OR configuration. The A and B in the titles of these lines cor- 
respond to the peripheral port A and the peripheral port B so 
that each interrupt request line services one peripheral data 
port. 


Each Interrupt Request line has two interrupt flag bits which can 
cause the Interrupt Request line to go low. These flags are bits 
6 and 7 in the two Control Registers (CRA, CRB). These flags 
act as the link between the peripheral interrupt signals and the 
microprocessor interrupt inputs. Each flag has a corresponding 
interrupt disable bit which allows the processor to enable or dis- 
able the interrupt from each of the four interrupt inputs (САТ, 
CA2, CB1, CB2). The four interrupt flags are set (enabled) by 
active transitions of the signal on the interrupt input (CA1, CA2, 
CB1, CB2). 


CRA bit 7 (IRQA1) is always set by an active transition of the 
CA1 interrupt input signal. However, IRQA can be disabled by 
setting bit О in CRA to a 0. Likewise, CRA bit 6 (IRQA2) can be 
зе! by an active transition of the CA2 interrupt input signal and 
IRQA can be disabled by setting bit 3 in CRA to a 0. 


Both bit 6 and bit 7 in CRA are reset by a "Read Peripheral 
Output Register A" operation. This is defined as an operation 
in which the read/write, proper data direction register and reg- 
ister select signals are provided to allow the processor to read 
the Peripheral A /О port. A summary of IRQA control is shown 
in Table 3. 


Control of IRQB is performed in exactly the same manner as 
that described above for IRQA. Bit 7 in CRB (IRQB1) is set by 
an active transition on CB1 and IRQB from this flag is controlled 
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by CRB bit 0. Likewise, bit 6 (IRQB2) in CRB is set by an active 
transition on CB2, and IRQB from this flag is controlled by CRB 
bit 3. 


Also, both bit 6 and bit 7 of CRB are reset by a "Read Peripheral 
B Output Register" operation. A summary of IRQB contro! is 
shown in Table 3. 


Table 3. IRQA and IRQB Control Summary 


Action 


Control Register Bits 
СВА-7=1 and СВА-0=1 
CRA-6=1 and CRA-3=1 
CRB-7=1 and САВ-0=1 
CRB-6=1 and CRB-3=1 


1ВОА goes low (Active) 
ІҢОА goes low (Active) 
TROB goes low (Active) 
TROB goes low (Active) 


Note: 


The flags act as the link between the peripheral interrupt signals 
and the processor interrupt inputs. The interrupt disable bits allow 
the processor to control the interrupt function. 


INTERRUPT INPUT/PERIPHERAL CONTROL LINES 
(CA1, CA2, CB1, CB2) 


The four interrupt input/peripheral control lines provide a number 
of special peripheral control functions. These lines greatly 
enhance the power of the two general purpose interface ports 
(РАО-РА7, PBO-PB7). Figure 4 summarizes the operation of 
these control lines. 


CA1 is an interrupt input only. An active transition of the signal 
on this input will set bit 7 of the Control Register A to a logic 1. 
The active transition can be programmed by setting a "0" in bit 
1 of the CRA if the interrupt flag (bit 7 of CRA) is to be set on 
a negative transition of the CA1 signal or a "1" if it is to be set 
on a positive transition. 


NOTE: 


А negative transition is defined as a transition from a high 
to a low, and a positive transition is defined as a transition 
from a low to a high voltage. 


CA2 can act as a totally independent interrupt or as a peripheral 
control output. As an input (CRA, bit 5 = 0) it acts to set the 
interrupt flag, bit 6 of CRA, to a logic 1 on the active transition 
selected by bit 4 of CRA. 


These control register bits and interrupt inputs serve the same 
basic function as that described above for CA1. The input signal 
sets the interrupt flag which serves as the link between the 
peripheral device and the processor interrupt structure. The 
interrupt disable bit allows the processor to exercise control over 
the system interrupt. 


in the output mode (CRA, bit 5 — 1), CA2 can operate inde- 
pendently to generate a simple pulse each time the micropro- 
cessor reads the data on the Peripheral A I/O port. This mode 
is selected by setting CRA, bit 4 to a 0 and CRA, bit 3 to a 1. 
This pulse output can be used to control the counters, shift reg- 
isters, etc., which make sequential data available on the Periph- 
eral input lines. 


А65С21 Peripheral interface Adapter (PIA) 


CONTROL REGISTER A (CRA) 


CA2 INPUT MODE (BIT 5 = 0) 


7 6 5 | 
IRGA1 IRQA2 CA2 INPUT 
FLAG FLAG MODE SELECT 

(70) 


CA2 OUTPUT MODE (BIT 5 = 1) 


3 


2 


IRQA2 IRQA ORA IRQA1 IRQA 
POSITIVE ENABLE SELECT POSITIVE ENABLE 
TRANSITION FOR IRQA2 TRANSITION FOR IRQA1 


ТРОАЛРОА1 
CONTROL 


IRQA/IRQA2 
CONTROL 


3 1 
CA2 OUTPUT CA2 CA2 ORA IRQA1 IRQA 
MODE SELECT OUTPUT RESTORE SELECT POSITIVE ENABLE 
(71) CONTROL CONTROL TRANSITION FOR IRQA1 


ТЕЗАЛАОА 


CONTROL 


CA2 
CONTROL 


CA2 INPUT OR OUTPUT MODE (BIT 5 = 0 or 1) 


Bit 7 IRQA1 FLAG 
1 A transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. This bit is cleared by a read of Output Register 


A or by RES. 
0 No transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. 
Bit 2 OUTPUT REGISTER А SELECT 
1 Select Output Register A. 
0 Select Data Direction Register А. 
Bit 1 iRQA1 POSITIVE TRANSITION 
1 Set IRQA1 Flag (bit 7) on a positive (low-to-high) transition of CA1. 
0 Set IRQA1 Flag (bit 7) on a negative (high-to-low) transition of САЗ. 
Bit 0 IRQA ENABLE FOR iRQA1 
1 Enable assertion of IRQÀ when IRQA1 Flag (bit 7) is set. 
0 Disable assertion of IRQA when IRQA!1 Flag (bit 7) is set. 
CA2 INPUT MODE (BIT 5 = 0) CA2 OUTPUT MODE (BIT 5 = 1) 
Bit6 iRQA2 FLAG Виб NOT USED 
1 A transition has occurred on CA2 that satisfies the bit 4 0 Always zero. 
IRQA? transition polarity criteria. This flag is cleared by 
a read of Output Register À or by RES. Bit5 СА2 MODE SELECT 
0 No transition has occurred оп СА2 that satisfies the bit 1 Select CA2 Output Mode. 


4 IRQA? transition polarity criteria. 
Bit 4 CA2 OUTPUT CONTROL 


Bit СА2 MODE SELECT 1 CA2 goes low when a zero is written into CRA bit 3. 
0 Select CA2 Input Mode. CA2 goes high when a one is writ:en into CRA bit 3. 
0 CA2 goes low on the first negative (high-to-low) $2 
Bit4 iRQA2 POSITIVE TRANSITION clock transition following a read of Output Register A. 
1 Set IRQA2 Flag (bit 6) on a positive (low-to-high) CA2 returns high as specified by bit 3. 
transition of CA2. 
0 Set IRQA2 Flag (bit 6) on a negative (high-to-low) Ви З CA2 READ STROBE RESTORE CONTROL (4 = 0) 
transition of CA2. 1 CA2 returns high on the next $2 ciock negative 
___ transition following а read of Output Register А. 
ВНЗ IRQA ENABLE FOR iRQA2 о СА2 returns high on the next active CA1 transition 
1 Enable assertion of IRQA when IRQA2 Flag (bit 6) is following a read of Output Register A as specified by 
set. bit 1. 
о Disable assertion of IRQA when IRQA2 Flag (bit 6) is 7 
set. 


Figure 4. Control Line Operations Summary (1 of 2) 
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CONTROL REGISTER B (CRB) 


CB2 INPUT MODE (BIT 5 = 0) 


IRQB1 
FLAG 


CB2 OUTPUT MODE (BIT 5 = 1) 


IRQB2 CB2 INPUT 
FLAG MODE SELECT 
(=0) TRANSITION 


ENABLE 
FOR IRQB2 


IRQB/IRQB2 
CONTROL 


CB2 OUTPUT свг 
MODE SELECT OUTPUT 
CONTROL 


POSITIVE 
CONTROL TRANSITION FOR IRQBi 


CB2 IROB/IROBI 
CONTROL CONTROL 


CB2 INPUT OR OUTPUT MODE (BIT 5 — 0 or 1) 


Bit 7 IRQB1 FLAG 

1 

B or by RES. 

о No transition has occurred on СВ that satisfies the bit 1 IRQB1 transition polarity criteria. 
Bit 2 OUTPUT REGISTER B SELECT 

1 Select Output Register B. 

0 Select Data Direction Register В. 
Bit 1 iRQB1 POSITIVE TRANSITION 

1 Set IRQB1 Flag (bit 7) on a positive (low-to-high) transition of CB1. 

0 Set IRQB1 Над (bit 7) on a negative (high-to-low) transition of CB1. 
Bit 0 IRQB ENABLE FOR IRQB1 

1 Enable assertion of IRQB when IRQB1 Flag (bit 7) is set. 

о Disable assertion of НОВ when IRQB1 Flag (bit 7) is set. 


A transition has occurred on СВ1 that satisfies the bit 1 1RQB1 transition polarity criteria. This bit is cleared by a read of Output Register 


CB2 INPUT MODE (BIT 5 = 0) 


ВН6 IRQB2 FLAG 
1 A transition has occurred on CB2 that satisfies the bit 4 
1ВОВ2 transition polarity criteria. This flag is cleared by 
a read of Output Register B or by RES. 
0 No transition has occurred on CB2 that satisfies the bit 
4 IRQB2 transition polarity criteria. 


BitS СВ2 MODE SELECT 
0 Select CB2 Input Mode. 


Bit 4 iRQB2 POSITIVE TRANSITION 
1 Set IRQB2 Flag (bit 6) on a positive (low-to-high) 
transition of CB2. 
0 Set IRQB2 Над (bit 6) on a negative (high-to-low) 
transition of CB2. 


Bit З iRQB ENABLE FOR IRQB2 
1 Enable assertion of IRQB when IRQB? Flag (bit 6) is 
set. 
0 Disable assertion of IRQB when IRQB2 Flag (bit 6) is 
set. 


CB2 OUTPUT MODE (BIT 5 = 1) 


Bit6 МОТ USED 
9 Always zero. 


Bit5 CB2 MODE SELECT 
1 Select CB2 Output Mode. 


Bit4 СВ2 OUTPUT CONTROL 
1 CB2 goes low when a zero is written into CRB bit 3. 
CB2 goes high when a one is written into CRB bit 3. 
0 CB2 goes iow on the first negative (high-to-iow) $2 
clock transition following a write to Output Register B. 
СВ2 returns high as specified by bit 3. 


ВИЗ CB2 WRITE STROBE RESTORE CONTROL 
(BIT 4 = 0) 
1 СВ2 returns high on the next 02 clock negative 
transition following a write to Output Register B. 
9 CB2 returns high on the next active СВ1 transition 
following a write to Output Register B as specified by 
bit 1. 


Figure 4. Control Line Operations Summary (2 of 2) 


R65C21 


Peripheral Interface Adapter (PIA) 


A second output mode allows CA2 to be used in conjunction 
with CA1 to “handshake” between the processor and the 
peripheral device. On the A side, this technique allows positive 
control of data transfers from the peripheral device into the 
microprocessor. The CA1 input signals the processor that data 
is available by interrupting the processor. The processor reads 
the data and sets CA2 low. This signals the peripheral device 
that it can make new data available. 


The final output mode can be selected by setting bit 4 of CRA 
to a 1. In this mode, CA2 is a simple peripheral control output 
which can be set high or low by setting bit 3 of CRA to a 1 or 
а 0 respectively. 


СВ1 operates as an interrupt input only in the same manner as 
САТ. Bit 7 of CRB is set by the active transition selected by bit 
0 of CRB. Likewise, the CB2 input mode operates exactly the 
same as the CA2 input modes. The CB2 output modes, CRB 
bit 5 = 1, differ somewhat from those of CA2. The pulse output 
occurs when the processor writes data into the Peripheral B 
Output Register. Also, the “handshaking” operates on data 
transfers from the processor into the peripheral device. 


READING THE PERIPHERAL A I/O PORT 


transfers the data on the Peripheral А ИО lines to the data bus. 
іп this situation, the data bus will contain both the input and out- 
put data. The processor must be programmed to recognize and 
interpret оту those bits which are important to the particular 
peripheral operation being performed. 


Since the processor always reads the Peripheral А МО port pins 
instead of the actual Peripheral Output Register (ORA), it is 
possible for the data read by the processor to differ from the 
contents of the Peripheral Output Register for an output line. 
This is true when the I/O pin is not allowed to go to a full 
* 2.4V DC when the Peripheral Output register contains а 
logic 1. іп this case, the processor will read a 0 from the 
Peripheral A pin, even though the corresponding bit in the 
Peripheral Output register is a 1. 


READING THE PERIPHERAL B ИО PORT 


Reading the Peripheral B I/O port yields a combination of input 
and output data in a manner similar to the Peripheral A port. 
However, data is read directly from the Peripheral B Output 
Register (ORB) for those lines programmed to act as outputs. 
It is therefore possible to load down the Peripheral B Output lines 


Performing a Read operation with RS1 = 0, RSO = 0 and the without causing incorrect data to be transferred back to the 
Data Direction Register Access Control bit (CRA-2) = 1, directly processor on a Read operation. 
teye —— — 
tre с % 
02 ------- 
tacr 
RSO, RS1, 25x06 SS S 26A 


cso, CS1, CS2 


50700050500, 
ОХ 
OO" 


РАО-РА7 
РВО-РВ7 


00-07 
DATA IN 


CA2 
(PULSE OUT) 


СА1 


СА2 
(НАМО 5НАКЕ) 


ба 


Figure 5. Read Timing Waveforms 
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Vec -30% 
teow а ама 
РАС-РА7 СКС 
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(PULSE OUT) 
ше | | tr ti 
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R65C21 Peripheral Interface Adapter (PIA) 


BUS TIMING CHARACTERISTICS 


1 MHz 2 MHz 3 MHz 4 MHz 
Parameter Symbol Min. Max. Min. Max. Min. | Мах. Міг, Мах. Unit 

02 Cycle tere 1.0 - 0.5 - 0.33 - 0.25 = из 
02 Pulse Width tc 480 - 240 - 180 - 120 — ns 
92 Rise and Fall Time | tre» the - 25 - 15 — 12 - 10 ns 

READ TIMING 
Address Set-Up Time - 270 Шш 53 — 3E - ns 
Address Hold Time — 0 — 0 — e == ns 
Peripheral Data Set-Up Time — 150 - 110 - 7: - ns 
Data Bus Delay Time 395 - 190 - 100 - 75 ns 
Data Bus Hold Time - 20 - 20 — 2c — ns 

WRITE TIMING 

| Address Set-Up Time tacw 140 — 70 — 53 — 35 - ns 
Address Hold Time САМ 0 - 0 - 0 - 0 — ns 
R/W Set-Up Time twcw 180 - 90 - 67 - 48 - ns 
R/W Hold Time toww 0 — 0 - 0 — 0 — ns 
Data Bus Set-Up Time {осм 180 = 90 - 67 — 45 - ns 
Data Bus Hold Time tuw 10 == 10 - 10 € 10 — ns 
Peripheral Data Delay Time topw — 1,0 — 0.5 — 0.33 — 0.25 P 
Peripheral Data Delay Time temos — 2.0 — 1.0 - 0.7 - 0.5 BS 

to CMOS Level 

PERIPHERAL INTERFACE TIMING 
Peripheral Data Set-Up nur 300 = 150 = 110 = 5 | — ns 
02 Low to CA2 Low Delay teaz — 1.0 — 0.5 — 0.33 — 0.25 и 
02 Low to CA2 High Delay las: — 10 — 0.5 - 0.33 = 0.25 aS 
CA1 Active to CA2 High Delay tase - 20 - 1.0 - 0.67 — 0.5 и 
02 High to СВ2 Low Delay tone - 1.0 - 0.5 — 0.33 — 0.25 pS 
Peripheral Data Valid to CB2 Low Delay toc 0 1,8 0 0.75 0 0.5 0 0.37 pS 
02 High to CB2 High Delay tas: == 10 - 0.5 - 0.33 = 0.25 из 
CB1 Active to CB2 High Delay tase - 20 - 1.0 — 0.67 - 0.5 из 
CA1, CA2, СВ1 and CB2 tp t — 1.0 — 1.0 — 1.0 — 1.0 pS 

Input Rise and Fall Time 
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ABSOLUTE MAXIMUM RATINGS’ 


Parameter 


[Supply Voltage Vec 


Input Voltage 


Output Voltage 


Operating Temperature Range! Ta 
Commercial 
Industrial 


Storage Temperature 


OPERATING CONDITIONS 
раты [буты | 


Supply Voltage 


~0.3 to +7.0 
-0.3 to Усс +0.3 | Мас 


-0.3 to Мос +0.3 | Мас 


°С 


Ою +70 
– 40 to +85 


—55 10 +150 


5У +5% 


Temperature Range 
Commercial 
Industrial 


DC CHARACTERISTICS 


ТА 


0°C to 70°C 
— 40°С to + 85°С 


*МОТЕ: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


(Vec = 5.0V 45%, Vss = 0, Ta = T, to Ty, unless otherwise noted) 


1. All units are direct current (dc) except capacitance. 
2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. Typical values are shown for Voc = 5.0V and ТА = 25°С. 


Parameter Symbol Min. Typ. Мах Unit? Test Conditions 
L Әлін сыйл d 

Input High Voltage Vin 
All except PBO-PB7, RES +2.0 - Vec v 
PB0-PB7, RES +2.4 - Мес у 

———j— 

Input Low Voltage Vit -0.3 - %08 у 

|е маса 

Input Leakage Current vecta lin - +1 +2.5 pA Vin = OV to Усс 
R/W, RES, RSO, А51, CS0, CS1, CS2, CA1, Vcc = 5.25V 
CB1, 92 

input Leakage Current for Three-State Off Its; - і2 +10 pA Vin = 0.4V to 2.4V 
00-07, PBO-PB7, CB2 Veco = 5.25V 

Input High Current Ін - 200 - 300 — pA Vin = 2.4V 

| aa es | 

Input Low Current lit = -2 -32 тА Му = 0.4V 

РАО-РА7, CA2 
———— 

Output High Voltage Vou Мес = 4.75У 
Logic 2.4 - - одр = = 2004A 
РВО-РВ7, CB2 (Darlington Drive) 1.5 - = loan = —3.2тА 

Output Low Voltage VoL — - %0.4 M Мсс = 4.75V 
PAO-PA7, CA2, PBO-PB7, CB2 одр = 3.2 mA 
00-07, IRQA, ЇЗОВ |рдр = 1.6 mA 

Output High Current (Sourcing lou 
Logic - 200 – 1500 - nA Мон = 2.4V 
PBO-PB7, CB2 (Darlington Drive) -3.2 -6 — mA Мон = 1.5У 

Г Output Low Current (Sinking) lo. Ма, = 0.4У 
PAO-PA7, РВО-РВ7, CB2, CA2 3.2 — — mA 
00-07, IRQA, IRQB 1.6 - - тА 

Output Leakage Current (ОН State) lorr — 1 +10 pA Мон = 2.4V 
IRQA, IRQB Мес = 5.25V 

| Power Dissipation Pp 7 T 10 bl mW/MHz 

Input Capacitance Сі Мос = 5.0У 
00-07, РАО-РА7, РВО-РВ7, CA2, CB2 - — 10 pF Vin = OV 
RM, RES, RSO, RS1, CSO, С51, С52 - - 7 pF f = 2 MHz 
СА1, СВ1, 02 - — 20 pF _| ТА = 25°С 

a 
Output Capacitance Cour — — 10 pF 
Notes: 
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PACKAGE DIMENSIONS 


| 40-РІМ CERAMIC DIP 
| 


| БЫ А] Y 
я MILLIMETERS 


40-РІМ PLASTIC DIP 


MILLIMETERS 


INCHES 


DIM| мм [MAX MAX 
А | 51.28 [5232 2.060 
В | 13.72 [1422 0.560 
1 c | 355| 558 0.200] 
MU CU UI о | ose[ os 0.020 
F | 102] 182 0.060 
G | 254Bsc | 0100 BSC 
i н | 165] 2.16 [0.065 | 0.085 
ЖЕ ЗА ЙЕЛ 4 | 0.20] 050 [0.008 | 0012] 
к | 305] 3:5 [0 120 | 0.140 
L | 1524BSC | овоо BSC 
M 7 10 7 10 
—iH— |в шы м | osi] 12 [0020 Б 040 


6% 


Rockwell 


R65C24 


R65C24 


PERIPHERAL INTERFACE 
 ADAPTER/TIMER (PIAT) 


PRELIMINARY 


DESCRIPTION 


The R65C24 Peripheral Interface Adapter/Timer (PIAT) is 
designed to solve a broad range of peripheral control problems 
in the implementation of microcomputer systems. This device 
allows a very effective trade-off between software and hardware 
by providing significant capability and flexibility in a low cost 
chip. When coupled with the power and speed of the R6500, 
R6500/* or В65С00 family of microprocessors, the R65C24 
allows implementation of very complex systems at a minimum 
overall cost. 


Control of peripheral devices is handled primarily through two 
8-bit bidirectional ports. Each of these lines can be programmed 
to act as either an input or an output. In addition, four peripheral 
control/interrupt input lines are provided. These lines can be 
used to interrupt the processor or to “handshake” data between 
the processor and a peripheral device. 


The PIAT also contains one 16-bit Counter/Timer comprised of 
a 16-bit counter, two 8-bit latches associated with the counter, 
and an 8-bit snapshot latch for the upper half of the counter. A 
counter mode control register, under software direction, selects 
any one of eight counter modes of operation, and the status 
register contains an underflow flag to report counter time-out. 
А maskable interrupt request allows immediate CPU notification 
upon counter time-out. 


ORDERING INFORMATION 


The R65C24 is available in both a ceramic and a plastic 40-pin 
Package, a commercial or industrial temperature range, and 
operating frequencies of 1, 2, 3, or 4 MHz. These versions are 
coded into the part number as follows: 


Part Number: 
R65C24___ 
LTemperature Range: 
Blank = 0°C to + 70°C 


Е = -40%С to + 85°C 


Frequency Range: 


1 = 1 MHz 
2 = 2 MHz 
3 = 3 MHz 
4 = 4 MHz 
Package: 
С = Ceramic 
P = Plastic 
и | 


FEATURES 


e Low power CMOS N-well silicon gate technology 

Two 8-bit bidirectional I/O ports with individual data direction 
control 

Programmable 16-bit Counter/Timer with eight modes of 
operation 

Three 8-bit latches associated with the Counter/Timer 
Selectable divide-by-sixteen prescaler for all modes 
Automatic "Handshake" control of data transfers 

Two interrupts (one for each port) with program control 

1, 2, 3, and 4 MHz versions 

Commercial and industrial temperature range versions 
40-pin plastic and ceramic versions 

Single 5\ = 596 supply requirements 

Compatible with the R6500, R6500/* and В65С00 family of 
microprocessors 


© 

> 

о 
оочольом- 


Figure 1. Н65С24 Pin Configuration 
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R65C24 


FUNCTIONAL DESCRIPTION 


The R65C24 PIAT is organized into three independent sections 
referred to as the A Side, the B Side, and a Counter/Timer. The 
A Side and B Side each consist of a Control Register (CRA, 
CRB), Data Direction Register (DDRA, DDRB), Output Register 
(ORA, ORB), interrupt Status Control (ISCA, ISCB), and the 
buffers necessary to drive the Peripheral Interface buses. Data 
Bus Buffers (DBB) interface data from the two sections to the 
data bus, while the Data Input Register (DIR) interfaces data 


Peripheral Interface Adapter/Timer (PIAT) 


from the DBB to the PIAT registers. Chip Select and R/W control 
circuitry interface to the processor bus control lines. The Counter/ 
Timer consists of a 16-bit counter; i.e., an 8-bit Upper Counter 
(UC) and 8-bit Lower Counter (LC), an 8-Ей Upper Latch (UL), 
an 8-bit Lower Latch (LL), an 8-bit Snapshot Latch (SL), and a 
Status Register (SR). A Counter Mode Control Register (CMCR) 
selects the Counter/Timer mode of operatio ^. Figure 2 is a block 
diagram of the R65C24 PIAT. 


16-БІТ 


DATA BUS 
BUFFERS 
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OUTPUT BUS 


PERIPHERAL 
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REGISTER A 
(ORA) 


CONTROL 
REGISTER 
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(DIR) PERIPHERAL 
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REGISTER B 
(ORB) 
cso 
655 
RS2 CHIP 
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ЖА CONTROL 
RW CONTROL 
82 REGISTER В 
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RecisTeRA |_| 
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Г | interrupt status CAT 
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DATA DIRECTION 
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Figure 2. R65C24 PIAT Block Diagram 
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DATA INPUT REGISTER (DIR) 


When the microprocessor writes data into the PIAT, the data 
which appears on the data bus during the фә clock pulse is 
latched into the Data Input Register (DIR). The data is then 
transferred into one of six internal registers of the PIAT after the 
trailing edge of the 02 clock. This assures that the data on the 
peripheral output lines will make smooth transitions from high 
to low (or from low to high) and the voltage will remain stable 
except when it is going to the opposite polarity. 


CONTROL REGISTERS (CRA AND CRB) 


Table 1 illustrates the bit designation and functions in the two 
control registers. The control registers allow the microprocessor 
to control the operation of the Interrupt Control inputs (CA1, 
CA2, CB1, CB2), and Peripheral Control outputs (CA2, СВ2). 
Bit 2 in each register controls the addressing of the Data Direc- 
tion Registers (DDRA, DDRB) and the Output Registers (ORA, 
ORB). In addition, two bits (bit 6 and 7) in each control register 
indicate the status of the Interrupt Input lines (CA1, CA2, CB1, 
CB2). These Interrupt Status bits (IRQA1, IRQA2 or IRQB1, 
IRQB2) are normally interrogated by the microprocessor during 
the IRQ interrupt service routine to determine the source of the 
interrupt. 


DATA DIRECTION REGISTERS (DDRA, DDRB) 


The Data Direction Registers (DDRA, DDRB) allow the pro- 
cessor to program each line in the 8-bit Peripheral ИО port to 
be either an input or an output. Each bit in DDRA controls the 
corresponding line in the Peripheral А port and each bit in DDRB 
controls the corresponding line in the Peripheral B port. Writing 
a “0” in a bit position in the Data Direction Register causes the 
corresponding Peripheral ИО line to act as an input; a “1” 
causes it to act as an output. 


Bit 2 (DDRA, DDRB) in each Control Register (CRA and CRB) 
controls the accessing to the Data Direction Register or the 
Peripheral interface. If bit 2 is a “1,” a Peripheral Output register 
(ORA, ORB) is selected, and if bit 2 is a “0,” a Data Direction 
Register (DDRA, DDRB) is selected. The Data Direction Reg- 
ister Access Control bit, together with the Register Select lines 
(RSO, 851 and RS2) selects the various internal registers as 
shown in Table 2. 


In order to write data into DDRA, ORA, DDRB, or ORB registers, 
bit 2 in the proper Control Register must first be set. The desired 
register may then be accessed with the address determined by 
the address interconnect technique used. 


PERIPHERAL OUTPUT REGISTERS (ORA, ORB) 


The Peripheral Output Registers (ORA, ORB) store the output 
data from the Data Bus Buffers (DBB) which appears on the 
Peripheral I/O port. If a line on the Peripheral А Port is pro- 
grammed as an output by the DDRA, writing a 0 into the cor- 
responding bit in the ORA causes that line to go low («0.4 V); 
writing a 1 causes the line to go high. The lines of the Peripheral 
B port are controlled by ORB in the same manner. 


INTERRUPT STATUS CONTROL (ISCA, ISCB) 


The four interrupt/peripheral control lines (CA1, CA2, CB1, CB2) 
are controlled by the Interrupt Status Control logic (A, B). This 
logic interprets the contents of the corresponding Control Reg- 
ister and detects active transitions on the interrupt inputs. 


PERIPHERAL /О PORTS (РАО-РА7, РВО-РВ7) 


The Peripheral A and Peripheral В І/О ports allow the micro- 
processor to interface to the input lines on the peripheral device 
by writing data into the Peripheral Output Register. They also 
allow the processor to interface with the peripheral device output 
lines by reading the data on the Peripheral Port input lines 
directly onto the data bus and into the internal registers of the 
processor. 


Each of the Peripheral I/O lines сап be programmed to act as 
an input or an output. This is accomplished by setting a 1 in the 
corresponding bit in the Data Direction Register for those lines 
which are to act as outputs. A 0 in a bit of the Data Direction 
Register causes the corresponding Peripheral ИО lines to act 
as an input. 


The buffers which drive the Peripheral A І/О lines contain “pas- 
sive” pull-up devices. These pull-up devices are resistive in 
nature and therefore allow the output voltage to go to VCC for 
a logic 1. The switches can sink a full 3.2 mA, making these 
buffers capable of driving two standard TTL loads. 


In the input mode, the pull-up devices are still connected to the 
ГО pin and still supply current to this pin. For this reason, these 
lines also represent two standard TTL loads in the input mode. 


The Peripheral B ИО port duplicates many of the functions of 
the Peripheral A port. The process of programming these lines 
to act as an input or an output is similar to the Peripheral A port, 
as is the effect of reading or writing this port. However, there 
are several characteristics of the buffers driving these lines 
which affect their use in peripheral interfacing. 


Table 1. Control Registers Bit Designations 


7 6 5 3 2 1 0 
DDRA 
CRA IRQA1 IRQA2 CA2 Control Access CA1 Control 
7 | 6 5 3 2 1 0 
CRB IROBI | IRQB2 CB? Control DDRB CB1 Control 
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The Peripheral В VO port buffers are push-pull devices i.e., the 
pull-up devices are switched OFF in the 0 state and ON for a 
logic 1. Since these pull-ups are active devices, the logic 1 
voltage will not go higher than +2.4V. 


Unlike the PAO-PA7 lines (which have pull-up devices), the PBO 
through PB7 lines have three-state capability which allows them 
to enter a high impedance state when ргодгаттед to be used 
as input lines. In addition, data on these lines will be read prop- 
erly, when programmed as output lines, even if the data signals 
fall below 2.0 volts for a “high” state or are above 0.8 volts for 
а "low" state. When programmed as output, each line can drive 
а! least a two TTL load and may also be used as a source of 
up to 3.2 milliamperes at 1.5 volts to directly drive the base of 
a transistor switch, such as a Darlington pair. 


Because these outputs are designed to drive transistors directly, 
the output data is read directly from the Peripheral Output Reg- 
ister for those lines programmed to act as inputs. 


The final characteristic is the high-impedance input state which 
is a function of the Peripheral B push-pull buffers. When the 


Peripheral B ИО lines are programmed to act as inputs, the 
output buffer enters the high impedance s:ate. 


DATA BUS BUFFERS (DBB) 


The Data Bus Buffers are 8-bit bidirectional buffers used for data 
exchange, on the 00-07 Data Bus, between the microprocessor 
and the PIAT. These buffers are tri-state and are capable of 
driving a two TTL load (when operating in an output mode) and 
represent a one TTL load to the microprocessor (when oper- 
ating in an input mode). 


COUNTER/TIMER 


The Counter/Timer includes а 16-bit counter and three 8-bit data 
latches. It also includes an 8-bit Counter Mode Control Register 
(CMCR) to select the Counter/Timer operating mode and options 
and an 8-bit Status Register to report time-out condition as well 
as peripheral data port interrupt conditions. Figure 3 illustrates 
the Timer/Counter. 


г 
00-07 
16-BIT LATCH 
8-BIT 8-BIT COUNTER MODE 
UPPER LATCH (UL) | LOWER LATCH (LL) CONTROL REGISTER 
COUNTER/TIMER IRAT ENABLED 
OPERATING PRESCALER 
MODE ENABLED 
16-BIT COUNTER DECREMENT 
-BI COUNT - CNTR 
ВИ 8-ВІТ PRESCALER 
UPPER COUNTER (ОС) | LOWER COUNTER (LC) - 92 
UNDERFLOW (UF) 
8-BIT ІНОТ BIT 
SNAPSHOT LATCH (SL) STATUS REGISTER 
ват 
00-07 
ma -n Cft 


Figure 3. Counter/Timer 
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Counter/Latches—The Upper Counter (UC) and Lower Counter 
(LC) form a 16-bit down-counter that counts either (02 clock 
pulses from the processor bus or external events from input line 
CNTR, depending on the mode selected. The Upper Latch (UL) 
and Lower Latch (LL) hold the initial higher- and lower-order 
count values to be loaded into the counter. The Snapshot Latch 
(SL) is loaded with the value of the UC when the LC is read or 
the LL is written into by the PIAT. After a read of the LC, the 
Snapshot Latch is read to provide the current 16-bit value of the 
counter. The Underflow Flag (UF) in the Status Register (SR) 
is set to a 1 whenever the counter (UC, LC) decrements past 
$0000. A Prescaler can be program activated to divide-by- 
Sixteen rather than divide-by-one for any of the Counter/Timer 
modes. 


Counter Mode Controi Register —The Counter Mode Control 
Register (CMCR) allows program selection of any of eight 
Counter/Timer modes of operation, for the enabling or disabling 
of the Prescaler, and the enabling or disabling of the ВОТ 
interrupt line. Bits 2, 1, 0 of the CMCR selects one of the fol- 
lowing Counter/Timer operating modes: 


Disable Counter/Timer 

One-Shot Interval Timer 
Free-Run Interval Timer 

Pulse Width Measurement 

Event Counter 

One-Shot Pulse Width Generation 
Free-Run Pulse Generation 
Retriggerable Interval Timer 


Bit 7 of the CMCR determines whether the ТАОТ line is enabled 
or disabled for generating an interrupt request on the IRQ output 
to the processor. When bit 7 is set to a 1, ІНОТ is enabled so 
that an Underflow Flag (UF bit in the Status Register set to a 
1) will cause IRQ to be asserted. When bit 7 is set to a 0, the 
IRQT is disabled. 


Bit 4 of the CMCR enables or disables the Prescaler. A 1 in bit 
4 causes the Prescaler to be enabled so that the Counter/Timer 
is operating in a divide-by-sixteen mode. When this bit is a 0, 
the Prescaler is disabled so that the Counter/Timer is operating 
in a normal (divide-by-one) mode. 
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Status Register —Bit 7 of the Status Register (SR) reports the 
Counter Underflow Status. This underflow (UF) bit is set to 1 
when the counter decrements past $0000. When this bit is set, 
the IRQ output will be asserted if the Interrupt Enable bit in the 
CMCR is set to a 1. The status of the Port A Interrupt Flag 
(IRQA) and Port B interrupt Flag (IRQB) are reported in bits 6 
and 5, respectively, in addition to being reported in the ISCA 
and ISCB registers. 


INTERFACE SIGNALS 


The PIAT interfaces to the R6500, R6500/* or the А65С00 
microprocessor family with a reset line, a $2 clock line, a read/ 
write line, an interrupt request line, three register select lines, 
two chip select lines, and an 8-bit bidirectional data bus. 


The PIAT interfaces to the peripheral devices with four interrupt/ 
control lines and two 8-bit bidirectional data buses. A Counter/ 
Timer input/output line (CNTR) also interfaces to a peripheral 
device. | 


Figure 1 (on the front page) shows the pin assignments for these 
interface signals and Figure 4 shows the interface relationship 
of these signal as they pertain to the CPU and the peripheral 
devices. 


CHIP SELECT (CS0, CS2) 


The PIAT is selected when CS0 is high and CS2 is low. These 
two chip select lines are normally connected to the processor 
address lines either directly or through external decoder circuits. 
When the PIAT is selected, data will be transferred between the 
data lines and PIAT registers, and/or peripheral interface lines 
as determined by the R/W, RSO, 851 and RS2 lines and the 
contents of Control Registers A and B. 


Note: 


An R65C24 PIAT may be installed in a circuit in place of 
an R65C21 PIA subject to chip select considerations. 
Since the R65C21 has a CS1 input and the R65C24 does 
not have a CS1 input, the PIAT will be selected in the 
same addresses as the PIA and maybe more depending 
upon external address decoding circuitry. 


MICROPROCESSOR 
FAMILY 


R65C24 


PIAT 


————1 
(ат РАСРАТ 
PERIPHERAL 
DEVICE 
CA1 А 
СА2 
CNTR 
CB1 PERIPHERAL 
свг DEVICE 
B 
0—1: рвовв? 


Figure 4. Interface Signals Relationship 
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RESET SIGNAL (RES) 


The Reset (RES) input initializes the R65C24 PIAT. A low signal 
on the RES input causes all internal registers to be cleared. 


CLOCK SIGNAL (22) 


The Phase 2 Clock Signal ($2) is the system clock that triggers 
all data transfers between the CPU and the PIAT. 2 is gen- 
erated by the CPU and is therefore the synchronizing signal 
between the CPU and the PIAT. 


READ/WRITE SIGNAL (R/W) 


Read/Write (R/W) controls the direction of data transfers between 
the PIAT and the data lines associated with the CPU and the 
peripheral devices. А high on the R/W line permits the peripheral 
devices to transfer data to the CPU Кот the PIAT. A low on the 
R/W line allows data to be transfered from the CPU to the 
peripheral devices from the PIAT. 


REGISTER SELECT (А50, RS1, RS2) 


Two of the Register Select lines (RSO, RS1), in conjunction with 
the Control Registers (CRA, CRB) Data Direction Register access 
bits select various R65C24 registers to be accessed by the 
CPU. RSO and RS1 are normally connected to the micropro- 
cessor (CPU) address output lines. Through control of these 
lines, the CPU can write directly into the Control Registers 
(СВА, СРВ) the Data Direction Registers (DDRA, DDRB) and 
the Peripheral Output Registers (ORA, ORB). In addition, the 
processor may directly read the contents of the Control Regis- 
ters and the Data Direction Registers. Accessing the Peripheral 
Output Register for the purpose of reading data back into the 
processor operates differently on the ORA and the ORB reg- 
isters and therefore are shown separately in Table 2. 


Note: 


In order to address the ORA and ORB Registers in the 
PIAT, Register Select line RS2 must be high. When RS2 
is low, the Counter/Timer registers are selected (as shown 
in Table 3). 


Table 2. Peripheral Register Addressing 


| Data ] 
Register Direction 
Select Register 
Register eke Control Register Operation 
Address CRA | CRB E 
(Hex) |Rs2|Rs1|RSO|(Bit 2)| (Bit 2)) RAV =H ВАМ = 


Read PIBA |Write ORA 
Read ООВА | Write ОРВА 
Read CRA | Write CRA 


| 


en 
Ex (ЕЗ 
ind 


| 6 |н Read РВВ | Write ORB 

[ e |н|н| | — | о [Read оов Write DDRA | 
|_ : 

|7 нін Е = | — |Read CRB | Write CRB - 
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Register Select line RS2 determines whether the addressed 
registers are part of the Counter/Timer or the peripheral Port A 
and Port B sections of the PIAT. When RS2 is high, the Port А! 
Port B registers shown in Table 2 are selected. When the RS2 
is low, the Counter/Timer registers are selacted and operated 
upon as shown in Table 3. 


Table 3. Counter/Timer Register Addressing 


Register | _ Register 
Select Lines Counter/Timer Operation 
Address оде MES = 
(Нех) А5251 RSO (R/W = Н) (АМ =L) | 
0 L L L |Read ее Write Upper Latch 
Latch (SL) "UL) 
SL > 00-07 20-07 > UL 
0 = UF 0— UF 
Load and Enable 
Counter 
UL UC, 
LL. LC 
oa de 
1 L L | H |Read Upper Write Upper Latch 
Counter (UC) (UL) 
| | | UC — 00-07 D0-D7 — UL 
2 L 1 H L jRead Lower Write Lower Latch 
Counter (LC) (LL) 
LC — 00-07 00-07 — LL 
UC ә SL UC SL 
+ > - 
3 L | H | H |Веад Status Write Counter Control 
Register (SR) Mode Register 
zi SR -> 00-07 (CMCR) 
— UF, 2-07 = R 
ІН d "s 0 ШЕ p4 CMC _| 


INTERRUPT REQUEST LINE (IRQ) 


Three internal active low Interrupt Request lines (РОА, IRB, 
and IRQT) act to interrupt the microprocessor through the 
external IRQ output. ТАД is an open drain output and is capable 
of sinking 1.6 milliamps from an external source. This permits 
all interrupt request lines to be tied together i^ a wired-OR con- 
figuration. The A and B in the titles of these internal lines cor- 
tespond to the peripheral port A and the peripheral port B so 
that each interrupt request line services ore peripheral data 
port. The T corresponds to the Counter/Timer generated inter- 
rupt request. 


IRQA and IRQB Lines—These two internal Interrupt Request 
lines are associated with the Port A and Роп B sections of the 
PIAT and are controlled by Contro! Registers CRA and CRB, 
and the Peripheral Control lines CA1, CA2, CB1, and CB2. 


These Interrupt Request lines have three interrupt flag bits 
which can cause the Interrupt Request line to go low. These 
flags are bits 6 and 7 in the two Control Registers (CRA, САВ). 
These flags act as the link between the peripheral interrupt sig- 
nals and the microprocessor interrupt inputs Each flag has a 
corresponding interrupt disable bit which ailcws the processor 
to enable or disable the interrupt from each о“ the four interrupt 
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inputs (CA1, CA2, CB1, CB2). The four interrupt flags are set 
(enabled) by active transitions of the signal on the interrupt input 
(CA1, CA2, CB1, CB2). 


CRA bit 7 (IRQA1) is always set Бу an active transition of the 
СА1 interrupt input signal. However, IRQA сап be disabled by 
setting bit 0 in CRA to a 0. Likewise, CRA bit 6 (IRQA2) can be 
set by an active transition of the CA2 interrupt input signal and 
ТРОА can be disabled by setting bit 3 in CRA to a 0. 


Both bit 6 and bit 7 in CRA are reset by a “Read Peripheral 
Output Register A” operation. This is defined as an operation 
in which the read/write, proper data direction register and reg- 
ister select signals are provided to allow the processor to read 
the Peripheral A /О port. A summary of IRQA control is shown 
in Table 3. 


Control of IRQB is performed in exactly the same manner as 
that described above (ог ТРОА. Bit 7 in CRB (ІНОВ1) is set by 
an active transition on СВ! and IRQB from this flag is controlled 
by CRB bit 0. Likewise, bit 6 (IRQB2) in CRB is set by an active 
transition оп CB2, and ІНОВ from this flag is controlled by CRB 
bit 3. 


Also, both bit 6 and bit 7 of CRB are reset by a “Read Peripheral 
B Output Register" operation. A summary of IRQB control is 
shown in Table 4. 


Table 4. IRQA and IRQB Contro! Summary 


Control Register Bits Action 
IRQA goes low (Active) 


СВА-7-1 and СВА-0-1 
CRA-6=1 and CRA-3=1 ІНОА goes low (Active) 
ІНОВ goes low (Active) Ж 


CRB-7=1 and СРВ-0 =1 
ІНОВ goes low (Active) 1 


CRB-6=1 and CRB-3=1 


Note: 


The flags act as the link between the peripheral interrupt signals 
and the processor interrupt inputs. The interrupt disable bits allow 
the processor to control the interrupt function. 


IRQT Line—The internal IRQT line is associated with the 
Counter/Timer and is controlled by the IRQT Enable bit in the 
Counter Mode Control Register and the Underflow Flag in the 
Status Register. А thorough discussion of the functions and 
operation of the IRQT line is given in the Counter/Timer Oper- 
ation section of this product description. 


INTERRUPT INPUT/PERIPHERAL CONTROL LINES 
(CA1, CA2, CB1, CB2) 


The four interrupt input/peripheral control lines provide a number 
of special peripheral control functions. These lines greatly 
enhance the power of the two general purpose interface ports 
(PAO-PA7, PBO-PB7). Figure 5 summarizes the operation of 
these control lines. 
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CA1 is an interrupt input only. An active transition of the signal 
on this input will set bit 7 of the Control Register А to a logic 1. 
The active transition can be programmed by setting a “0” in bit 
1 of the CRA if the interrupt flag (bit 7 of CRA) is to be set on 
a negative transition of the CA1 signal or a "1" if it is to be set 
on a positive transition. 


Note: 


A negative transition is defined as a transition from a high 
to a low, and a positive transition is defined as a transition 
from a low to a high voltage. 


CA2 can act as a totally independent interrupt or as a peripheral 
control output. As an input (CRA, bit 5 — O) it acts to set the 
interrupt flag, bit 6 of CRA, to a logic 1 on the active transition 
selected by bit 4 of CRA. 


These control register bits and interrupt inputs serve the same 
basic function as that described above for CA1. The input signal 
sets the interrupt flag which serves as the link between the 
peripheral device and the processor interrupt structure. The 
interrupt disable bit allows the processor to exercise control over 
the system interrupt. 


In the output mode (CRA, bit 5 — 1), CA2 can operate inde- 
pendently to generate a simple pulse each time the micropro- 
cessor reads the data on the Peripheral А I/O port. This mode 
is selected by setting CRA, bit 4 to a 0 and CRA, bit 3 to a 1. 
This pulse output can be used to control the counters, shift reg- 
isters, etc. which make sequential data available on the Periph- 
eral input lines. 


A second output mode allows CA2 to be used in conjunction 
with CA1 to "handshake" between the processor and the 
peripheral device. On the A side, this technique allows positive 
control of data transfers from the peripheral device into the 
microprocessor. The CA1 input signals the processor that data 
is available by interrupting the processor. The processor reads 
the data and sets CA2 low. This signals the peripheral device 
that it can make new data available. 


The final output mode can be selected by setting bit 4 of CRA 
to a 1. In this mode, CA2 is a simple peripheral control output 
which can be set high or low by setting bit 3 of CRA to a 1 or 
а 0 respectively. 


СВ1 operates аз ап interrupt input only in the same manner аз 
СА1. Bit 7 of CRB is set by the active transition selected by bit 
0 of CRB. Likewise, the CB2 input mode operates exactly the 
same as the CA2 input modes. The CB2 output modes, CRB 
bit 5 = 1, differ somewhat from those of CA2. The pulse output 
occurs when the processor writes data into the Peripheral B 
Output Register. Also, the “handshaking” operates on data 
transfers from the processor into the peripheral device. 
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CA2 INPUT MODE (BIT 5 = 0) CONTROL REGISTER A (CRA) 

7 6 3 2 1 9 
IRQA1 IRQA2 CA2 INPUT IRQA2 IRQA ORA IRQA1 IRQA 
FLAG FLAG NE А POSITIVE ENABLE SELECT POSITIVE ENABLE 

TRANSITION FOR IRQA2 TRANSITION FOR IRQA1 
TRQA/IRQA2 TROA/IRQA1 
CONTROL | CONTROL 


CA2 OUTPUT MODE (BIT 5 = 1) 


7 6 5 Į 4 з | 2 mu o 


IRQA1 0 CA2 OUTPUT CA2 CA2 ORA IRQA1 IRQA 
FLAG MODE SELECT OUTPUT RESTORE SELECT POSITIVE ENABLE 
(21) CONTROL CONTROL TRANSITION FOR IRQA1 
CA2 1 IRQA/IRQA1 


CONTROL CONTROL 


CA2 INPUT OR OUTPUT MODE (BIT 5 — 0 or 1) 


Bit 7 IRQA1 FLAG 
1 A transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. This bit is cleared by a read of Output Register 
A or by RES. 
0 No transition has occurred on СА1 that satisfies the bit 1 ІНОА1 transition polarity criteria 
Bit 2 OUTPUT REGISTER A SELECT 
1 Select Output Register A. 
0 Select Data Direction Register A. 
Bit 1 IRQA1 POSITIVE TRANSITION 
1 Set IRQA1 Рад (bit 7) on a positive (low-to-high) transition of CA1. 
0 Set IRQA1 Flag (bit 7) on a negative (high-to-low) transition of САТ. 
Bit 0 IRQA ENABLE FOR IRQA1 
1 Enable assertion of IRQA when IRQA1 Flag (bit 7) is set. 
0 Disable assertion of IRQA when ІНОА1 Flag (bit 7) is set. 
CA2 INPUT MODE (ВІТ 5 = 0) 
Bit 6 IRQA2 FLAG 
1 A transition has occurred on CA2 that satisfies the bit 4 ІНОА2 transition polarity criteria. This flag is cleared by a read of Output 
Register A or by RES. 
0 No transition has occurred оп CA2 that satisfies the bit 4 IRQA2 transition polarity criteria. 


Bit 5 CA2 MODE SELECT 


0 Select CA2 Input Mode. 
Bit 4 IRQA2 POSITIVE TRANSITION 
1 Set IRQA2 Flag (bit 6) on a positive (low-to-high) transition of CA2. 
0 Set IRQA2 Flag (bit 6) on a negative (high-to-low) transition of CA2. 
Bit 3 IRQA ENABLE FOR IRQA2 
1 Enable assertion of TROA when IRQA2 Flag (bit 6) is set. 
0 Disable assertion of НОА when НОА? Flag (bit 6) is set. 


CA2 OUTPUT MODE (BIT 5 = 1) 


Bit 6 NOT USED 
0 Always zero. 


Bit 5 CA2 MODE SELECT 
1 Select CA2 Output Mode. 


Bit 4 CA2 OUTPUT CONTROL 
CA2 goes low when a zero is written into CRA bit 3. CA2 goes high when a one is written into CRA bit 3. 


0 CA2 goes low on the first negative (high-to-low) 62 clock transition following a read of Output Register А. CA2 returns high as specified 
by bit 3. 
Bit 3 CA2 READ STROBE RESTORE CONTROL (BIT 4 = 0) 
1 CA2 returns high on the next 02 clock negative transition following a read of Output Register A. 
0 CA2 returns high on the next active CA1 transition following a read of Output Register A as specified by bit 1. 


Figure 5. Summary of Control Lines Operation (1 of 2) 
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CB2 INPUT MODE B 5 = 0) 


CONTROL REGISTER В (САВ) 


IRQB1 
FLAG 


0 


IRQB/IRQB2 
CONTROL 


4 3 2 
IRQB2 CB2 INPUT IRQB2 IRQB ORB 
FLAG MODE SELECT POSITIVE ENABLE SELECT 
{=0) TRANSITION FOR IRQB2 


РОВ 
ENABLE 
TRANSITION FOR IRQB1 


IRQOB/IRQB1 
CONTROL 


ОВИ 
РОЗТМЕ 


CB2 OUTPUT MODE (BIT 5 = 1) 


[з 2 


0 


IRQB1 
FLAG 


свг ОРВ 
RESTORE SELECT 
CONTROL 


4 
CB2 OUTPUT | CB2 
MODE SELECT OUTPUT 
(=1) | CONTROL 
свг 
ME CONTROL L 


IRQB 
POSITIVE ENABLE 
TRANSITION FOR IRQB1 


IRQB/IRQB1 
CONTROL 


CB2 INPUT OR OUTPUT MODE (BIT 5 = 0 or 1) 


Г Bit 7 


iRQB1 FLAG 

A transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. This bit is с 
Bor by RES. 

No transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. 


OUTPUT REGISTER B SELECT 
Select Output Register B. 
Setect Data Direction Register B. 


IRQB1 POSITIVE TRANSITION 
Set IRQB1 Flag (bit 7) on a positive (low-to-high) transition of CB1. 
Set IRQB1 Flag (bit 7) on a negative (high-to-low) transition of СВА. 


iRQB ENABLE FOR IRQB1 
Enable assertion of IRQB when IRQB1 Flag (bit 7) is set. 


Disable assertion of IRQB when IRQB! Flag (bit 7) is set. 


eared by a read of Output Register 


CB2 INPUT MODE (BIT 5 = 0) 


Bit 6 
1 


iRQB2 FLAG 


A transition has occurred on CB2 that satisfies the bit 4 IRQB2 transition polarity criteria. This flag is cleared by a read of Output 


Register B or by RES. 
No transition has occurred on СВ? that satisfies the bit 4 IRQB? transition polarity criteria. 


CB2 MODE SELECT 
Select CB2 Input Mode. 


IRQB2 POSITIVE TRANSITION 
Set IRQB2 Flag (bit 6) on a positive (low-to-high) transition of CB2. 
Set IRQB2 Flag (bit 6) on a negative (high-to-low) transition of CB2. 


iRQB ENABLE FOR iRQB2 
Enable assertion of IRQB when IRQB2 Flag (bit 6) is set. 
Disable assertion of IRQB when IRQB2 Flag (bit 6) is set. 


CB2 OUTPUT MODE (BIT 5 = 1) 


Bit 6 
0 


Вй 5 


NOT USED 
Always zero. 


CB2 MODE SELECT 
Select CB2 Output Mode. 


CB2 OUTPUT CONTROL 


СВ2 goes low when a Zero is written into CRB bit 3. CB2 goes high when a one is written into CRB bit 3. 
CB2 goes low on the first negative (high-to-low) $2 clock transition following а write to Output Register В. CB2 returns high as specified 


by bit 3. 


CB2 WRITE STROBE RESTORE CONTROL (BIT 4 = 0) 
СВ2 returns high on the next (02 clock negative transition following a write to Output Register В. 


СВ2 returns high on the next active CB1 transition following a write to Output Register В as specified by bit 1. 


Figure 5. Summary of Control Lines Operation (2 of 2) 
2-237 


R65C24 


Peripheral Interface Adapter/Timer (PIAT) 


COUNTER/TIMER REGISTERS 


COUNTER MODE CONTROL REGISTER (CMCR) 


The 8-bit Counter Mode Control Register (CMCR) selects the 
Counter/Timer mode of operation and enables or disables both 
E internal IRQT and the Prescaler. The forrnat of the CMCR 


Ват Prescaler 
Enabled =| ІНЕ Enabled Hexe: Mode 


Bit 7 ват Enabled 
0 IRQT Disabled 
1 IRQT Enabled 
Bits 6-5 Not used, don't care value during write. 
Bit 4 Prescaler Enabled 
Prescaler Disabled (--1) 
1 Prescaler Enabled (+16) 
Bit 3 Not used, don’t care value during write. 
Bits 2-0 Counter/Timer Mode 
0 0 0 Mode 0—Disable Counter/Timer 
0 0 1 Mode 1—One-Shot Interval Timer 
ото Моде 2—Free-Run Interval Timer 
O 1 1 Mode 3— Pulse Width Measurement 
1 0 0 Mode 4—Event Counter 
1 0 1 Mode 5—One-Shot Pulse Width Generation 
1 1 0 Mode 6—Free-Run Pulse Generation 
1 1 1 Mode 7—Retriggerable Interval Timer 


The CMCR can be written into at any time without disabling or 
stopping the Counter/Timer. This allows the Counter/Timer mode 
of operation to be changed while it is still in operation. However, 
selecting Mode 0 disables the Counter/Timer and stops its 
operation. The Prescaler and the IRQT interrupt can also be 
enabled or disabled at any time. The CMCR is written to when 
the register address is 3 and R/W is low. 


STATUS REGISTER (SR) 


The 8-bit Status Register (SR) reports the status of two interrupt 
conditions: Counter underflow (ІНОТ) and Port A interrupt 
(ІНОА). The format of the Status Register is: 


UF (IRQT)| IRQA 


Interrupt 
Flag 


Interrupt 
Flag 
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Bit 7 Counter Underflow (UF) Interrupt Flag 
0 Counter underflow has not occurred. 
1 Counter underflow has occurred. 
Bit 6 IRQA Interrupt Flag 
0 Port A interrupt has not occurred. 
1 Port A interrupt has not occurred. 
Bit 5-0 Not used, always read as shown in register 


figure. 


The Counter underflow (UF), bit 7, is updated in the same clock 
cycle that an underflow condition occurs on the Counter/Timer. 
The IRQA interrupt flag (bit 6) is updated at the rising edge of 
the next do clock immediately following the setting of corre- 
sponding interrupt bits (IRQA1, ІНОА2) in the CRA register. 
IRQA is set whenever IRQA1 or IRQA2 is set. The underflow 
bit is cleared whenever the Status Register is read, the Snap- 
shot Latch is read, the UL is written to at register address 0, 
Mode 0 is selected in the CMCR, or a RES occurs. Reading the 
Status Register also clears the IRQA interrupt flag. The Status 
Register is read when the register address is 3 and R/W is high. 


LOWER LATCH (LL) 


The Lower Latch (LL) holds the least significant 8-bits of the 
16-bit latch value. The LL is written from the data bus (DO-D7) 
when the register address is 2 and R/W is low. When the LL is 
loaded, the contents of the UC are copied into the Snapshot 
Latch (SL) without affecting the counting operation of the UC. 


UPPER LATCH (UL) 


The Upper Latch (UL) holds the most significant 8-bits of the 
16-bit latch value. The UL is written from the data bus (00-07) 
when RAW is low and the register address is either 0 or 1. The 
difference in the two register address functions are: 


Register Address 0 


1. The UL is loaded from 00-07. 

2. The contents of the Latch (UL and LL) ага transferred to the 
Counter (UC and LC, respectively). 

3. The UF bit is cleared in the SR. 

4. The Counter is enabled, i.e., the count in UC and LC is dec- 
remented by one upon detection of a rising edge on either 
($2 or CNTR (depending upon mode selection) as scaled by 
the Prescaler. 


Register Address 1 


1. The UL is loaded from 00-07. 
2. All other elements of the Counter/Timer are unaffected. 


R65C24 


Peripheral Interface Adapter/Timer (PIAT) 


LOWER COUNTER (LC) 


The Lower Counter (LC) holds the least significant 8-bits of the 
16-bit counter. 


When the LC decrements below $00, 1 is borrowed from the 
UC to load $FF into the LC. 


The LC is read to the data bus (DO-D7) when the register 
address is 2 and R/W is high. When LC is read, the 8-bit con- 
tents of the UC is transferred to the Snapshot Latch without 
affecting the operation of the counter (i.e., the count-down con- 
tinues without interruption). 


UPPER COUNTER 


The Upper Counter (UC) holds the most significant 8-bits of the 
16-bit counter. The UC is read to the data bus (00-07) when 
the register address is 1 and ВАМ is high. When the UC is read, 
there is no other effect on the Counter/Timer operation. Counter 
underflow occurs when the LC borrows a 1 from the UC value 
of $00. 


Note: 


When reading the UC directly, the value read can be one 
count too high if the LC value is just above $0000 at the 
start of the read since an underflow in the LC will result 
in decrementing the UC by one count. The Snapshot 
Latch should be read to obtain the UC value corre- 
sponding to the LC value. 


SNAPSHOT LATCH (SL) 


The Snapshot Latch holds the value of the UC corresponding 
to the LC value. The SL is loaded with the value of the UC when 
the LL is written to, or when the LC is read. The SL is read to 
the data bus (00-07) when the register address is 0 and R/W 
is high, without affecting the counting operation. When the SL 
is read, the UF in the SR is cleared. Since the SL is loaded with 
the value of the UC whenever the LC is read, an accurate count 
of the total 16-bit counter can be made without the need for 
further calculations to account for delays between the reading 
of the LC and the UC. 


COUNTER/TIMER OPERATION 


The Counter/Timer has eight modes of operation. The Counter/ 
Timer is always either disabled (mode 0) or operating in one of 
the other seven modes as selected in the Counter Mode Control 
Register (CMCR). 


To operate the Counter/Timer, first issue Mode 0 to stop any 
counting in progress due to a previously selected mode, to clear 
the counter underflow bit in the SR and to disable the IROT 
interrupt. The order of mode selection and latch loading depends 
upon the desired mode. Generally, if a timer mode based on the 
#2 clock rate is to be selected, first select the mode then write 
the timer initialization value to the latch. Write the LL first then 
the UL value (to register address 0). When the UL is written, the 
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UL and LL values are loaded into the UC and LC, respectively, 
and the counter is enabled. The counter then decrements one 
count for every positive edge (low to high) transition detected 
on the (2 or CNTR input (depending on the selected mode) as 
scaled by the Prescaler. In most modes, each time the counter 
underflows below $0000, the underflow bit is set in the SR, the 
counter reloads to the latch value and the down-counting con- 
tinues. If the UF bit is set when the ІНОТ is enabled in the 
CMCR, the IRQ output will be asserted to the processor. 


MODE 0—DISABLE COUNTER/TIMER 


The Counter/Timer is disabled (all counting stops), the (ROT 
interrupt (bit 7 in the CMCR) is disabled, and the counter under- 
flow (bit 7 in the SR) is cleared. Mode 0 may be selected at any 
time by selecting Mode 0 in the CMCR or upon RES which 
initializes the CMCR to $00. Selecting Mode 0 in the CMCR 
does not affect any data in the LL or UL, any count in the LC 
or UC, or any data in the SL. 


MODE 1—ОМЕ SHOT INTERVAL TIMER 


The counter counts down once from the latch value at the #2 
clock rate (as scaled by the Prescaler) and sets the UF bit in 
the SR upon underflow. The counter starts when data is written 
to the UL at register address 0, which causes the UL and LL 
values to be loaded into the UC and LC, respectively. When the 
counter decrements below $0000, the UF bit in the SR is set. 
The set UF bit causes IRQ to be asserted if the IRQT Enabie 
bit is set in the CMCR. Upon decrementing below $0000, the 
UC and LC are automatically reset to a value of $FFFF and the 
counter continues down-counting. However, the UF bit in the 
SR will not be set again (due to the counter again decrementing 
through $0000) until the UL is again written at register address 
0. The CNTR line is not used in this mode. Figure 6 shows the 
timing relationship for Mode 1 operation. 


Typical Application: Can be used for an accurate time delay 
such as would be required to control the duration of time to have 
a thermal printer element activated. 


MODE 2—FREE-RUN INTERVAL TIMER 


The counter repetitively counts down at the 2 clock rate, as 
scaled by the Prescaler, and sets the UF bit in the SR each time 
the counter underflows. The counter is initialized to the UL and 
LL values and starts down counting at the clock rate when the 
UL value is written to register address 0. Each time the counter 
decrements below $0000, the UF bit in the SR is set, the counter 
is reloaded with the UL and LL value, and the count-down cycle 
continues. If the IRQT Enable bit is set in the CMCR, IRQ will 
thus be asserted upon each time-out. The CNTR line is not used 
in this mode. Figure 7 shows the timing relationship for Mode 
2 operation. 


Typical Application: Can be used for a timed interrupt struc- 
ture when a hardware location needs updating at specific inter- 
vals, such as would be required to update a multiplexed display. 
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Figure 6. Mode 1—One-Shot Interval Timer Timing 
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Figure 7. Mode 2—Free-Run Interval Timer Timing 
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MODE 3—PULSE WIDTH MEASUREMENT 


The counter counts down from the latch value at the $2 clock 
rate (scaled by the Prescaler) from the time the CNTR input 
goes low until CNTR goes high to provide a measurement of 
the CNTR low pulse duration. The counter is loaded with the 
value of the UL and LL upon writing UL to register address 0. 
The counter starts decrementing at the scaled 62 clock rate 
when the CNTR line goes low and stops decrementing when 
the CNTR line returns high. If the counter decrements below 
$0000 before the CNTR line goes low, the UF bit in the SR is 
set, the counter is reloaded with the UL and LL value, and the 
cycle continues down until CNTR goes high. Once the CNTR 
line has cycled from high to low and back to high, the Counter/ 
Timer will ignore any additional high to low transitions on the 
CNTR line. To reinitiate Mode 3, it is necessary to reload the 
UL by writing to register address 0. Figure 8 shows the timing 
relationships for a Mode 3 operation. 


Typical Application: Can be used to measure the duration of 
an event from an external device. Allows an accurate measure- 
ment of the duration of a logical low pulse on the CNTR line. 
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MODE 4—EVENT COUNTER 


CNTR is an input and the Counter/Timer counts the number of 
positive transitions on CNTR. The counter is initially loaded with 
the UL and LL value when the UL is written to register address 
0. The counter then decrements one count on the rising edge 
of the $2 clock after a rising edge (low to high transition) is 
detected on the CNTR input (as scaled by the Prescaler). The 
maximum rate at which this rising edge can be detected is one- 
half the (02 clock rate. When the counter decrements below 
$0000, the UF bit in the SR is set, the counter is reloaded with 
the UL and LL value and the operation repeats. Figure 9 shows 
the timing relationship of a Mode 4 operation. 


Typical Application: Can be used with a timed software loop 
to count external events (i.e., a frequency counter). 


21. заа аз. 24 У eres 
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TIMER DOES NOT DECREMENT 


Figure 8. Mode 3—Pulse Width Measurement Timing 


CNTR 


COUNTER 
DECREMENTED 


ва 


LATCH 


DECREMENTED 
PAST $0000, UF BIT SET 
AND UC, LC RELOADED FROM UL, LL 


COUNTER 
COUNTER 


DECREMENTED 


READ FN 
SNAPSHOT 


Figure 9. Mode 4—Event Counter Timing 
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MODE 5—ONE-SHOT PULSE WIDTH GENERATION 


CNTR is an output which can be pulsed low for a programmed 
time interval. When this mode is selected in the CMCR, the 
CNTR output goes high (if the UF bit is set) or goes low (if the 
UF bit is cleared). The CNTR line then goes low when data is 
written to the UL at register address 0, which also starts the 
counter. The counter decrements from the UL and LL value at 
the 2 clock rate as scaled by the Prescaler. When the counter 
decrements below $0000, the CNTR output goes high, the UF 
bit is set in the SR, the counter is reloaded with $FFFF and the 
count-down continues. Figure 10 shows the timing relationship 
of Mode 5 operation. 


Note that clearing the UF bit after it is set upon the first timeout 
causes CNTR to go low, in which case CNTR will again go high 
upon the next counter timeout. 


Typical Application: Can be used to hold-off (delay) an external 
hardware event on an asynchronous basis such as disallowing 
a motor startup until certain parameters are met. 


MODE 6—FREE-RUN PULSE GENERATION 


CNTR is an output and the Counter/Timer can be programmed 
to generate a symmetrical waveform, an asymmetrical wave- 
form, or a string of varying width pulses on CNTR. The CNTR 
line is forced low (if high upon mode selection) ог remains low 


(if low upon mode selection) when data is written to the UL at 
register address 0 which also starts the counter. The counter 
decrements at the бо clock rate as scaled by the Prescaler. 
When the counter decrements below $000C, CNTR toggles from 
low to high (or high to low deperiding upon its initial state), the 
counter is reloaded with the UL and LL value and the counter 
continues down-counting. The UF bit in tre SR is set the first 
time the counter decrements past $0000 end is cleared only if 
a new write to UL at register address 0 occurs. Figure 11 shows 
the timing relationship of a Mode 6 operation. 


This mode can be used to generate an asymmetrical waveform 
by toggling the UL and LL with the CNTR high and low times. 
Immediately after starting the counter мії the first CNTR low 
time, load the LL and UL (by writing to register address 1, which 
does not restart the counter) with the CNTR high time. When 
the first counter underflow occurs, the counter loads the new 
latch value (i.e., the CNTR high time) into the counter and con- 
tinues counting. During the IRQ interrupt »rocessing resulting 
from the first counter time-out, load the LL and UL (at register 
address 1) with the original CNTR low time. Continue to alter- 
nate loading of the high and low time latch values during the 
interrupt processing for the duration of the mode. 


Typical Application: Can be used to supoly external circuitry 
with a software variable clock based upon “he system (22 clock 
(e.g., a tone generator for audio feedback). 
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Figure 10. Mode 5—One-Shot Pulse Width Generation Timing 
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Figure 11. Mode 6—Free-Run Pulse Generation Timing 
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MODE 7—RETRIGGERABLE INTERVAL TIMER 


The Counter/Timer operates as a timer which is retriggered, i.e., 
reinitialized to its starting value, upon detection of a negative 
transition on the CNTR input. The counter is initially loaded with 
the UL and LL value when the UL is written to register address 
0. The counter starts decrementing at the 02 clock rate (as 
Scaled by the Prescaler) when a falling edge (high to low tran- 
sition) is detected on CNTR. The counter is reinitialized to the 
UL and LL value whenever a falling edge is subsequently 
detected on CNTR. If the counter decrements past $0000 before 
the falling edge is detected, the UF bit is set in the SR, the 
Counter is initialized to the UL and LL value and the count-down 
continues. 


Typical Application: Can be used to monitor signals that should 
be periodic and can interrupt the processor if the signal being 
monitored does not occur within a specified time frame; such 
as a synchronous motor that has fallen out of synchronization. 


PRESCALER 


The Counter/Timer operates in either the divide by one or divide 
by sixteen mode. In the divide by one mode, the counter holds 
from 1 to 65,535 counts. The counter capacity is therefore 1 us 
to 65,535 us at 1 MHz (22 clock rate or 0.25 из to 16,383 из 
at a 4 MHz 02 clock rate. Timer intervals greater than the max- 
imum counter value can be easily measured by counting under- 
flow flags or IRQ interrupt requests. 


The divide by sixteen prescaler can be enabled to extend the 
timing interval by 16. This provides timing from 1048.56 ms (1 
MHz) to 260.21 ms (4 MHz). The prescaler clocks the Counter/ 
Timer at the (22 clock rate divided by sixteen, except for Mode 
4. In Mode 4, sixteen positive CNTR edges must occur to dec- 
rement the Counter/Timer by one count. 


INITIALIZING THE COUNTER/TIMER 


The following program segment is one suggested technique for 
initializing the Counter/Timer: 


;Data Definition 


SL = $XXX0 ;Snapshot Latch 

UC = $XXX1 ;Upper Counter 

LC - $XXX2 ;Lower Counter 

SR = $XXX3 Status Register 

ULEC = $XXXO ;Upper Latch and Enable Counter 

UL = $XXX1 ;Upper Latch 

LL - $XXX2 ;Lower Latch 

CMCR = $XXX3 ;Counter Mode Control Register 

;Program 

LDA #$mode0 ¿disable Counter/ Timer 

STA CMCR ;write to mode register 

LDA #$mode ;select mode and Prescaler and 
IRQT enable/disable 

STA CMCR ;write to mode register 
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LDA #$lovalue slower latch value 
STA LL ;write to lower latch 
LDA #$hivalue supper latch value 
STA ULEC swrite to upper latch 


‘clear underflow flag, and enable 
counter 


The following instructions is a way to change modes while the 
Counter/Timer is in operation: 


LDA #$mode ;select desired mode, except 
mode 0 
STA CMCR мгйе to mode register 


The change of mode operation will take effect immediately. 
Thus, the Free-Run Internal Timer mode (Mode 2) could be sys- 
tematically stopped by changing to the One-Shot Interval Timer 
mode (Mode 1). The Counter/Timer will then halt operation 
when the underflow condition occurs. This technique can also 
be used to enable or disable IRQ during program execution. 


READING THE COUNTER/TIMER 


To service an interrupt request, the following sequence can be 
used: 


BIT $status ;get underflow flag 
BNE error ;check if flag is set 
LDA $LC ;get low counter value for overflow 
LDX $SL ;get high counter value for overflow 


;underflow flag is cleared 


By reading the LC and SL, it is possible to determine the amount 
of time between the interrupt request and servicing the interrupt. 


To read a timer value at any time, the suggested technique is 
as follows: 


LDA $LC ;get low counter value 

;upper counter transferred to 
snapshot 

;any miscellaneous code to store 
value if desired 

;get high counter value 


LDA $SL 


READ/WRITE TIMING 
CHARACTERISTICS OF PIAT 


Figure 12 is a timing diagram for the R65C24 PIAT during a 
Read operation (input mode). Figure 13 is a timing diagram for 
the PIAT during a Write operation (output mode). Table 5 shows 
the characteristics of the times shown in Figures 12 and 13. 
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Figure 12. Mode 7—Retriggerable Interval Timer Timing 
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Figure 13. Read Timing Diagram 
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Figure 14. Write Timing Diagram 


READING THE PERIPHERAL A ИО PORT 


Performing a Read operation with RS1 = 0, RSO = 0 and the 
Data Direction Register Access Control bit (CRA-2) = 1, directly 
transfers the data on the Peripheral A I/O lines to the data bus. 
In this situation, the data bus will contain both the input and 
output data. The processor must be programmed to recognize 
and interpret only those bits which are important to the particular 
peripheral operation being performed. 


Since the processor always reads the Peripheral А VO port pins 
instead of the actual Peripheral Output Register (ORA), it is pos- 
sible for the data read by the processor to differ from the con- 
tents of the Peripheral Output Register for an output line. This 
is true when the I/O pin is not allowed to go to a full +2.4V DC 
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when the Peripheral Output register contains a logic 1. In this 
case, the processor will read a 0 from the Peripheral A pin, even 
though the corresponding bit in the Peripheral Output register 
is a 1. 


READING THE PERIPHERAL B /О PORT 


Reading the Peripheral B VO port yields a combination of input 
and output data in a manner similar to the Peripheral A port. 
However, data is read directly from the Peripheral B Output 
Register (ORB) for those lines programmed to act as outputs. 
It is therefore possible to load down the Peripheral B Output 
lines without causing incorrect data to be transferred back to the 
processor on a Read operation. 


R65C24 Peripheral Interface Adapter/Timer (PIAT) 
BUS TIMING CHARACTERISTICS 


мн | MHz эмн; 4MHz 
Parameter Symbol Min Max T Min Max Min Max | Міп т Мах | Unit 
$2 Cycle T 10 | — o5 — log | — | 055 | — ss | 
92 Pulse Width ic 480 = 240 = 180 = | 120 | — ns 
92 Rise and Fall Time tre be — | % ul 15 T = 2 | — | 10 ns | 
READ TIMING 
Address Set-Up Time lack 140 = 70 = 53 = +[ 86: || = ns 
Address Hold Time Tm 0 | = 0 = 0 ps @ ||| уз пз 
Peripheral Data Set-Up Time (бав 300 = 150 — | по = ЖЕРГІ ns 
Data Bus Delay Time icon m 395 a 190 = 100 | — | 75 ns | 
Data Bus Hold Time m 20 = 20 z 2 | — ol- ns 
WRITE TIMING 
| Address Set-Up Time xew 140 25 70 = 53 =a 53 | — ns 
Address Hold Time Icaw 0 z [ 0 m 0 57 о | — | ns 
ВАМ Set-Up Time суу 180 = 90 = 67 e 4 | — ns 
ВАМ Hold Time levi о | = ҮН ЕСЕ 0 = о | — ns 
Data Bus Set-Up Time mem 180 = 90 us 67 а 5 | — ns 
Data Bus Hold Time inw 10 = о | — 10 = 00 | — ns 
Peripheral Data Delay Time (сер = 1.0 = 0.5 x 033 | — Е 0.25 | s 
Peer a раву Te om | _ | о | - | мо | – |» | - | |e 
PERIPHERAL INTERFACE TIMING 
| 1MHz 2MHz 3MHz 4MHz 
Parameter Symbot Min Max Min Max Min Max Min | Мах Unit 
Peripheral Data Setup iper 300 | – | 150 zc 110 Er 75 - - ns 
$2 Low to CA2 Low Delay icis — | 10 = 0.5 = 033 | — | 0.25 us 
| $2 Low to СА? High Delay = = 1.0 = 0.5 = 033 | — | 025 m 
САТ Active to CA2 High Delay ines — | 20 | — 10 — |oe | — | os m 
| $2 High to CB2 Low Delay TE = 1.0 — [| 05 | = 033 | — | 025 m 
| Peripheral Data Valid to СВ2 Low Delay toc 0 1.5 | 0 0.75 0 05. 0 21 0.37 ps 
92 High to CB2 Hgh Delay nsi = 1.0 — | 05 — | 033 | — | 025 | 4 
СВ1 Active to CB2 High Delay pem = 2.0 = w | - | oe | - | o5 us 
pe eur ics and Fell Ties iet = 10 К [^ р ЗЫ 0 hg 10 a 
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R65C24 
ABSOLUTE MAXIMUM RATINGS* 
| Parameter Symbol | Value Unit 
| Supply Уойаде Vec -0.3 to +7.0 Мас 
Input Voltage —0.3 to Мос +0.3 
Output Voltage -0.3 о Мос +0.3 
Operating Temperature °С 
Commercial 0 to +70 
Industria! – 40 to +85 
Storage Temperature – 55 to +150 °С 
OPERATING CONDITIONS 
| Parameter Symbol Value 
| Supply Voltage Усс 5V +5% 
Temperature Range ТА 
Commercial 0° to 70°C 
Industrial L – 40° to +85°C 


DC CHARACTERISTICS 


Voc = 50V +5%, Vss = 0, ТА = 


T, to Ty, (unless otherwise noted) 


*Note: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Parameter | Symbol Min Typ? Max Unit? Test Conditions 
Input High Voltage К? +20 | — Voc у 
Input Low Voltage Vi -0.3 — +0.8 У 
Input Leakage Current: lin - +1 +25 uA Vin = OV to Усс 
R/W, RES, RS0, RS1, А52, CS0, CS2, CA1, Veco = 5.25V 
CB1, $2 
Input Leakage Current for Three-State Off Its - +2 +10 ҺА Vin = 0.4У to 2.4V 
00-07, PBO-PB7, CB2 Усс = 5.25У 
Input High Current Ін - 200 Мн = 2.4У 
РАО-РА7, CA2 
Input Low Current li — Ми = 0.4V 
РАО-РА7, CA2 
Output High Voltage Мон Voc = 4.75V 
Logic 2.4 — одр = 2004A 
РВО-РВ7, CB2 (Darlington Drive) 1.5 x І одрг = ~ 3.2 mA 
| Output Low Voltage VoL — - | Voc = 4.75V 
РАО-РА7, CA2, PBO-PB7, CB2 одр = 3.2 mA 
00-07, IRQ, CNTR одр = 1.6 ПА 
Output High Current (Sourcing) lon 
Logic – 200 = 1500 — нА Мон = 2.4% 
PBO-PB7, CB2 (Darlington Drive) is -3.2 -6 — mA Мон = 1.5V 
Output Low Current (Sinking) lo, Vor = 0.4У 
РАО-РА7, PBO-PB7, CB2, СА? 3.2 -- - mA 
00-07, IRQ, CNTR 1.6 — тА 
Output Leakage Current (ОН State): lorr — 1 +10 uA Мон = 2.4V 
IRQ Voc = 5.25V 
| Power Dissipation Ро — 7 10 mW/MHz 
Input Capacitance Cn Voc = 5.0V 
00-07, РАО-РА7, PBO-PB7, CA2, CB2, CNTR - = 10 pF Vin = OV 
R/W, RES, АЅ0, RS1, RS2, CS0, CS2 - — 7 рЕ f = 2 MHz 
CA1, СВ, 92 = = 20 рЕ ТА = 25°С 
Output Capacitance Cour -- — 10 pF 
Notes: 
1. All units are direct current (dc) except for capacitance. 
2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. Typical values are shown for Vec = 5.0V and TA = 25°C. 


2-247 


А65С24 
PACKAGE DIMENSIONS 


Peripheral Interface Adapter/ Timer (PIAT) 


40-PIN CERAMIC DIP 


MILLIMETERS] INCH 


СМ] MIN | MAX | MIN | МАХ 
2.020 
0.615 


51.31 | 1.980 


L 
15.62 [0.585 
| i 0100 


ET | 
N 51 | 15210620 | 0.060 


ge 


40-PIN PLASTIC DIP 


AnanAAAAAAAAANAAAAAA —. _ 
| MILLIMETERS| INCHES 
DIM| MN [MAX | мм | MAX 
А | 51.28 2.340 | 2.060 | 
в |1372 0.540 | 0.560 
с | 355 0.140 | 0.200 
UU VOVOUTU UOUOU UOU UO VOUOU UO UC UC UE D | 036 0 314 | 0.020 
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R65C51 


ASYNCHRONOUS COMMUNICATIONS 
INTERFACE ADAPTER (ACIA) 


PRELIMI 
DESCRIPTION | 


The Rockwell CMOS R65C51 Asynchronous Communications 
Interface Adapter (ACIA) provides an easily implemented, pro- 
gram controlled interface between 8-bit microprocessor-based 
systems and serial communication data sets and modems. 


The ACIA has an internal baud rate generator, This feature elim- 
inates the need for multiple component support circuits, a crystal 
being the only other part required. The Transmitter baud rate 
can be selected under program control to be either 1 of 15 dif- 
ferent rates from 50 to 19,200 baud, or at 1/16 times an external 
clock rate. The Receiver baud rate may be selected under pro- 
gram control to be either the Transmitter rate, or at 1/16 times 
the external clock rate. The ACIA has programmable word 
lengths of 5, 6, 7, or 8 bits; even, odd, or no parity; 1, 172, or 
2 stop bits. 


The ACIA is designed for maximum programmed control from 
the microprocessor (MPU), to simplify hardware implementa- 
tion. Three separate registers permit the MPU to easily select 
the R65C51's operating modes and data checking parameters 
and determine operational status. 


The Command Register controls parity, receiver echo mode, 
transmitter interrupt control, the state of the RTS line, receiver 
interrupt control, and the state of the DTR line. 


The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. 


The Status Register indicates the states of the IRQ, DSR, and 
DCD lines, Transmitter and Receiver Data Registers, and 
Overrun, Framing, and Parity Error conditions. 


The Transmitter and Receiver Data Registers are used for tem- 
porary data storage by the ACIA Transmit and Receiver circuits. 


ORDERING INFORMATION 


Part No.: R65C51 


Temperature Range (T, to T: 
Blank = 0°C to +70°C 
Е = -40°С to +85°C 


Frequency Range: 


t = 1 MHz 

2 = 2 MHz 

3 = 3 MHz 

4 = 4 MHz 
Package: 

С = Ceramic 

P = Plastic 


NARY 
FEATURES 


Low power CMOS N-well silicon gate technology 

Direct replacement for NMOS R6551 ACIA 

Full duplex operation with buffered receiver and transmitter 
Data set/modem control functions 

Internal baud rate generator with 15 programmable baud 
rates (50 to 19,200) 

Program-selectable internally or externally controlled receiver 
rate 

Programmable word lengths, number of stop bits, and parity 
bit generation and detection 


e Programmable interrupt control 
e Program reset 
e Program-selectable serial echo mode 
e Two chip selects 
e 2 or 4 MHz operation 
e 5.0 Мас + 5% supply requirements 
e 28-pin plastic or ceramic DIP 
e Full TTL compatibility 
e Compatible with R6500, R6500/ and В65С00 micro- 
processors 
vss 1 RW 
cso 2 62 
csi 3 IRQ 
RES 4 D7 
RxC 5 06 
XTLI 6 05 
XTLO 7 D4 
RTS 8 D3 
CTS 9 D2 
тхр Di 
DTR ро 
RxD DSR 
RSO DCD 
RS1 vcc 
Figure 1. R65C51 ACIA Pin Configuration 
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L 
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cso Me) T 

C81 A 

CONTROL 
RSO R B 
RS1 5 
92 TIMING 

RES & CONTROL 


TRANSMIT = 1 

CONTROL ers 
TRANSMIT TRANSMIT 
DATA SHIFT > TxD 
REGISTER REGISTER 
STATUS - DCD 
REGISTER u - DSR 

BAUD > RxC 
CONTROL RATE - XTLI 
REGISTER GENERATOR - XTLO 
COMMAND —> DTR 
REGISTER — №. RTS 
RECEIVE RECEIVE 

SHIFT - RxD 


DATA 
REGISTER 


REGISTEA 


RECEIVE 
CONTROL 


Figure 2. ACIA Internal Organization 


FUNCTIONAL DESCRIPTION 


A block diagram of the ACIA is presented in Figure 2 followed 
by a description of each functional element of the device. 


DATA BUS BUFFERS 


The Data Bus Buffer interfaces the system data lines to the 
internal data bus. The Data Bus Buffer is bi-directional. When 
the R/W line is high and the chip is selected, (ле Data Bus Buffer 
passes the data from the system data lines to the ACIA internal 
data bus. When the R/W line is low and the chip is selected, the 
Data Bus Buffer writes the data from the internal data bus to the 
system data bus. 


INTERRUPT LOGIC 


The Interrupt Locic will cause the IRQ line to the microprocessor 
to go low when conditions are met that require the attention of 
the microprocessor. The conditions which can cause an inter- 
rupt will set bit 7 and the appropriate bit of bits 3 through 6 in 
the Status Register, if enabled. Bits 5 and 6 correspond to the 
Data Carrier Detect (BCD) logic and the Data Set Ready (658) 
logic. Bits 3 and 4 correspond to the Receiver Data Register full 
and the Transmitter Data Register empty conditions. These con- 
ditions can cause an interrupt request if enabled by the Com- 
mand Register. 


ПО CONTROL 


The /О Control Logic controls the selection cf internal registers 
in preparation for a data transfer on the internal data bus and 
the direction of the transfer to or from the register. 


The registers are selected by the Receiver Select (RS1, RSO) 
and Read/Write (R/W) lines as described later in Table 1. 
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TIMING AND CONTROL 


The Timing and Control logic controls the timing of data trans- 
fers on the internal data bus and the registers, the Data Bus 
Buffer, and the microprocessor data bus, and the hardware 
reset features. 


Timing is controlled by the system £2 clock input. The chip will 
perform data transfers to or from the microcomputer data bus 
during the £2 high period when selected. 


All registers will be initialized by the Timing and Contro! Logic 
when the Reset (RES) line goes low. See "ле individual register 
description for the state of the registers “ollowing a hardware 
reset. 


TRANSMITTER AND RECEIVER DATA REGISTERS 


These registers are used as temporary data storage for the 
ACIA Transmit and Receive Circuits. Both the Transmitter and 
Receiver are selected by a Register Select 0 (RS0) and Register 
Select 1 (RS1) low condition. The Read/Write (ВАМ) line deter- 
mines which actually uses the internal data bus; the Transmitter 
Data Register is write only and the Receiver Data Register is 
read only. 


Bit 0 is the first bit to be transmitted from the Transmitter Data 
Register (least significant bit first). The higher order bits follow 
in order. Unused bits in this register are "don't care". 


The Receiver Data Register holds the first received data bit in 
bit О (least significant bit first). Unused high-order bits are “0”. 
Parity bits are not contained in the Receiver Data Register. They 
are stripped ой after being used for parity checking. 


А65С51 
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STATUS REGISTER 


The Status Register indicates the state of interrupt conditions 
and other non-interrupt status lines. The interrupt conditions are 
the Data Set Ready, Data Carrier Detect, Transmitter Data Reg- 
ister Empty and Receiver Data Register Full as reported in bits 
6 through 3, respectively. If any of these bits are set, the Inter- 
rupt (IRQ) indicator (bit 7) is also set. Overrun, Framing Error, 
and Parity Error are also reported (bits 2 through 0 respectively). 


7 6 5 4 3 2 1 0 
ЕЕ ш толе EN Ing 


Bit 7 Interrupt (IRQ) 
No interrupt 
1 Interrupt has occurred 
Bit 6 Data Set Ready (DSR) 
DSR low (ready) 
1 DSR high (not ready) 
Bit 5 Data Carrier Detect (DCD) 
0 DCD low (detected) 
1 DCD high (not detected) 
Bit 4 Transmitter Data Register Empty 
0 Not empty 
1 Empty 
Bit 3 Receiver Data Register Full 
0 Not full 
1 Full 
Bit 2 Overrun* 
0 No overrun 
1 Overrun has occurred 
Bit 1 Framing Error” 
0 No framing error 
1 Framing error detected 
Bit 0 Parity Error* 
0 No parity error 
1 Parity error detected 


* Мо interrupt occurs for these conditions 


Reset Initialization 


76543210 


0 |--|—1|010|010 | Hardware reset 
| а а а а ЈЕ Program reset 
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Parity Error (Bit 0), Framing Error (Bit 1), and 
Overrun (2) 


None of these bits causes a processor interrupt to occur, but 
they are normally checked at the time the Receiver Data Reg- 
ister is read so that the validity of the data can be verified. These 
bits are self clearing (i.e., they are automatically cleared after 
a read of the Receiver Data Register). 


Receiver Data Register Full (Bit 3) 


This bit goes to a 1 when the ACIA transfers data from the 
Receiver Shift Register to the Receiver Data Register, and goes 
to a 0 (is cleared) when the processor reads the Receiver Data 
Register. 


Transmitter Data Register Empty (Bit 4) 


This bit goes to a 1 when the ACIA transfers data from the 
Transmitter Data Register to the Transmitter Shift Register, and 
goes to а 0 (is cleared) when the processor writes new data 
onto the Transmitter Data Register. 


Data Carrier Detect (Bit 5) and Data Set Ready 
(Bit 6) 


These bits reflect the levels of the DCD and DSR inputs to the 
ACIA. A 0 indicates a low level (true condition) and a 1 indicates 
a high level (false). Whenever either of these inputs change 
state, an immediate processor interrupt ОНО) occurs, unless bit 
1 of the Command Register (IRD) is set to a 1 to disable IRQ. 
When the interrupt occurs, the status bits indicate the levels of 
the inputs immediately after the change of state occurred. Sub- 
sequent level changes will not affect the status bits until the 
Status Register is interrogated by the processor. At that time, 
another interrupt will immediately occur and the status bits 
reflect the new input levels. These bits are not automatically 
cleared (or reset) by an internal operation. 


Interrupt (Bit 7) 


This bit goes to a 1 whenever an interrupt condition occurs and 
goes to a 0 (is cleared) when the Status Register is read. 


R65C51 Asynchronous Communications Interface Adapter (ACIA) 


CONTROL REGISTER 


The Control Register selects the desired baud rate, frequency 


source, word length, and the number of stop bits. 
6 5 4 3 2 1 0 


7 
= 
БЕЗЕШЕСШЕШІ 


Bit 7 Stop Bit Number (SBN) 
1 Stop bit 
2 Stop bits 
1/ Stop bits 
For WL = 5 and no parity 
1 1 Stop bit 

For WL = 8 and parity 


о 


Bits 6-5 Мога Length (WL) 
No. Bits 


ло ~ с 


Bit 4 Receiver Clock Source (RCS) 
External receiver clock 
1 Baud rate 


Bits 3-0 Selected Baud Rate (SBR) 
© Baud 


–-- ----=-осоооовоојо 


i 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 


=о>оо-о-о—•е—=о-о-=љо 
o 
о 
о 


Reset Initialization 


76543210 


[о [0 [070 [0 [0 [о [0] Hardware reset (RES) 
-ІІ-ІСІЕГІЕІМ Ргодгат гезе! 
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Selected Baud Rate (Bits 0, 1, 2, 3) 


These bits select the Transmitter baud rete, which сап be at 
1/16 an external clock rate or one of 15 other rates controlled by 
the internal baud rate generator. 


If the Receiver clock uses the same baud rate as the transmitter, 
then RxC becomes an output and can be used to slave other 
circuits to the ACIA. Figure 3 shows the Trar:smitter and Receiver 
layout. 


E | | 
RECEIVER RxD 
SHIFT REGISTER 

SYNC 
LOGIC 
Вхс 


CONTROL 
REGISTER T 
BIT 4 


BAUD RATE 
GENERATOR 


BITS 0-3 IN | TRANSMITTER 


CONTROL | SHIFT REGISTER 
REGISTER 


— TxD 


Figure 3. Transmitter/Receiver Clock Circuits 


Receiver Clock Source (Bit 4) 


This bit controls the clock source to the Receiver. А 0 causes 
the Receiver to operate at a baud rate of '/16 an external clock. 
А 1 causes the Receiver to operate at the same baud rate as 
is selected for the transmitter. 


Word Length (Bits 5, 6) 

These bits determine the word length to be used (5, 6, 7 or 8 
bits). 

Stop Bit Number (Bit 7) 


This bit determines the number of stop b:ts used. A 0 always 
indicates one stop bit. A 1 indicates 1% stop bits if the word 
length is 5 with no parity selected, 1 stop bit if the word length 
is 8 with parity selected, and 2 stop bits in а! other configurations. 


R65C51 


COMMAND REGISTER 


The Command Register controls specific modes and functions. 


3 2 1 0 


Bits 7-6 Parity Mode Control (РМС) 

7 6 

оо Odd parity transmitted/received 

0 1 Even parity transmitted/received 

1 0 Mark parity bit transmitted 
Parity check disabled 

1 1 Space parity bit transmitted 
Parity check disabled 

Bit 5 Parity Mode Enabled (PME) 


0 Parity mode disabled 
No parity bit generated 
Parity check disabled 


1 Parity mode enabled 
Bit 4 Receiver Echo Mode (REM) 
0 Receiver normal mode 
1 Receiver echo mode bits 2 and 3 
Must be zero for receiver echo mode, RTS will 
be low. 
Bits 3-2 Transmitter Interrupt Control (TIC) 
3 2 
о 0 815 = High transmit interrupt disabled 
о 1 RTS = Low, transmit interrupt enabled 
1 0 RTS = Low, transmit interrupt disabled 
1 1 АТ$ = Low, transmit interrupt disabled 
transmit break on TxD 
Bit 1 Interrupt Request Disabled (IRD) 
0 IRQ enabled 
1 IRQ disabled 
Bit 0 Data Terminal Ready (DTR) 
0 Data terminal not ready (ОТВ high) 
1 Data terminal ready (DTR low) 


Reset Initialization 
76543210 


o[o[o[oTo[o]o[o] Hardware reset (RES) . 
1—0 [0 [0 [0[0] Program reset 
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Data Terminal Ready (Bit 0) 


This bit enables all selected interrupts and controls the state of 
the Data Terminal Ready (DTR) line. A 0 indicates the micro- 
computer system is not ready by setting the DTR line high. А 
1 indicates the microcomputer system is ready by setting the 
DTR line low. 


Recelver Interrupt Control (Bit 1) 


This bit disables the Receiver from generating an interrupt when 
set to a 1. The Receiver interrupt is enabled when this bit is set 
to a 0 and Bit 0 is set to a 1. 


Transmitter Interrupt Control (Bits 2, 3) 


These bits control the state of the Ready to Send (RTS) line and 
the Transmitter interrupt. 


Receiver Echo Mode (Bit 4) 


А 1 enables the Receiver Echo Mode and а 0 enables the 
Receiver Echo Mode. When bit 4 is a 1 bits 2 and 3 must be 
0. In the Receiver Echo Mode, the Transmitter returns each 
transmission received by the Receiver delayed by one-half bit 
time. 


Parity Mode Enable (Bit 5) 


This bit enables parity bit generation and checking. A 0 disables 
parity bit generation by the Transmitter and parity bit checking 
by the Receiver. A 1 bit enables generation and checking of 
parity bits. 


Parity Mode Control (Bits 6, 7) 


These bits determine the type of parity generated by the Trans- 
mitter, (even, odd, mark or space) and the type of parity check 
done by the Receiver (even, odd, or no check). 
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INTERFACE SIGNALS 


Figure 4 shows the ACIA interface signals associated with the 
microprocessor and the modem. 


TRANSMIT 
CONTROL 


DATA 
BUS 
BUFFERS 


00-07 CTS 


TRANSMIT 
ma ЕШ РАТА & T 
а ЕШ SHIFT 
REGISTERS 
RW STATUS 565 
сво REGISTER DSA 
mE ио ки 
esl CONTROL 
nee XTLI 
А$1 GENERATOR XTLO 
CONTROL 
92 TIMING REGISTER 
— & CONTROL NC 
RES LOGIC DTR 


COMMAND 
REGISTER 


RECEIVE 
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CONTROL. 
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Figure 4. ACIA Interface Diagram 


MICROPROCESSOR INTERFACE 


Reset (RES) 


During system initialization a low on the RES input causes a 
hardware reset to occur. Upon reset, the Command Register 
and the Control! Register are cleared (all bits set to 0). The 
Status Register is cleared with the exception of the indications 
of Data Set Ready and Data Carrier Detect, which are externally 
controlled by the DSR and DCD lines, and the transmitter Empty 
bit, which is set. RES must be held low for one Й2 clock cycle 
for a reset to occur. 


Input Clock (02) 


The input clock is the system £2 clock and clocks all data trans- 
fers between the system microprocessor and the ACIA. 


Read/Write (R/W) 


The R/W input, generated by the microprocessor controls the 
direction of data transfers. А high on the R/W pin allows the 
processor to read the data supplied by the ACIA, a low allows 
a write to the ACIA. 
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Interrupt Request (IRQ) 


The IRQ pin is an interrupt output from the nterrupt control logic. 
It is an open drain output, permitting several devices to be con- 
nected to the common [RQ microprocessor input. Normally a 
high level, IRQ goes low when an interrupt occurs. 


Data Виз (00-07) 


The eight data line (00-07) pins transfer сага between the pro- 
cessor and the ACIA. These lines are bi-directional and are nor- 
mally high-impedance except during Read cycles when the 
ACIA is selected. 


Chip Selects (CSO, CS1) 


The two chip select inputs are normally connected to the pro- 
cessor address lines either directly or th'ough decoders. The 
ACIA is selected when CS0 is high апа С51 is low. When the 
ACIA is selected, the internal registers are addressed in accor- 
dance with the register select lines (RSO, RS1). 


Register Selects (#50, RS1) 


The two register select lines are normally connected to the pro- 
cessor address lines to allow the processcr to select the various 
ACIA internal registers. Table 1 shows the internal register 
select coding. 


Table 1. 


ACIA Register Selection 


Register Operation 


RW = Low ВА = High 
Write Transmit Data Read Receiver 
Register Data Register 


Read Status 
Register 


Programmed Reset 
(Data is “Don't 
Care”) 


Read Command 
Register 


Write Command 
Register 


Write Control 
Register 


Read Control 
Register 


Only the Command and Control registers can both be read and 
written. The programmed Reset operation does not cause any 
data transfer, but is used to clear bits 4 through 0 in the Com- 
mand register and bit 2 in the Status Register. The Control Reg- 
ister is unchanged by a programmed Reset. It should be noted 
that the programmed Reset is slightly different from the hard- 
ware Reset (RES); refer to the register description. 
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Crystal Pins (XTLI, XTLO) 


These pins are normally directly connected to the external 
crystal (1.8432 MHz) to derive the various baud rates. Alter- 
natively, an externally generated clock can drive the XTLI pin, 
in which case the XTLO pin must float. XTLI is the input pin for 
the transmit clock. 


Transmit Data (TxD) 


The TxD output line transfers serial nonreturn-to-zero (NRZ) 
data to the modem. The least significant bit (LSB) of the Transmit 
Data Register is the first data bit transmitted and the rate of data 
transmission is determined by the baud rate selected or under 
control of an external clock. This selection is made by program- 
ming the Control Register. 


Receive Data (RxD) 


The RxD input line transfers serial NRZ data into the ACIA from 
the modem, LSB first. The receiver data rate is either the pro- 
grammed baud rate or under the control of an externally gen- 
erated receiver clock. The selection is made by programming 
the Control Register. 


Receive Ciock (RxC) 


The RxC is a bi-directional pin which is either the receiver 16x 
clock input or the receiver 16x clock output. The latter mode 
results if the internal baud rate generator is selected for receiver 
data clocking. 


Request to Send (RTS) 


The RTS output pin controls the modem from the processor. 
The state of the RTS pin is determined by the contents of the 
Command Register. 
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Clear to Send (CTS) 


The CTS input pin controls the transmitter operation. The enable 
state is with CTS low. The transmitter is automatically disabled 
if CTS is high. 


Data Terminal Ready (DTR) 


This output pin indicates the status of the ACIA to the modem. 
A low on БТН indicates the ACIA is enabled, а high indicates 
it is disabled. The processor controls this pin via bit 0 of the 
Command Register. 


Data Set Ready (DSR) 


The DSR input pin indicates to the ACIA the status of the 
modem. A low indicates the “ready” state and a high, “not- 
ready." 


Data Carrier Detect (DCD) 


The DCD input pin indicates to the ACIA the status of the carrier- 
detect output of the modem. A low indicates that the modem 
carrier signal is present and a high, that it is not. 


TRANSMITTER AND RECEIVER OPERATION 


Continuous Data Transmit 


In the normal operating mode, the interrupt request output (Ва) 
signals when the ACIA is ready to accept the next data word to 
be transmitted. This interrupt occurs at the beginning of the Start 
Bit. When the processor reads the Status Register of the ACIA, 
the interrupt is cleared. 


The processor must then identify that the Transmit Data Reg- 
ister is ready to be loaded and must then load it with the next 
data word. This must occur before the end of the Stop Bit, other- 
wise a continuous “MARK” will be transmitted. Figure 5 shows 
the continuous Data Transmit timing relationship. 


СНАВ# һ CHAR #п+1 
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PROCESSOR 
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(TRANSMIT DATA 
REGISTER EMPTY) 


REGISTER, CAUSES IRQ 
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PROCESSOR READS STATUS 


P P ENRICHED fT -- ———— 
>” ЕТЕ EP Ree) ЕЕЕ ЕТУ]. ЕЕ ЫЫ 
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О Ц 1 О 


CHAR # пе2 CHAR #п+3 


PROCESSOR MUST 
LOAD NEW DATA 

IN THIS TIME 
INTERVAL; OTHERWISE, 
CONTINUOUS “MARK” 
IS TRANSMITTED 


Figure 5. Continuous Data Transmit 
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Continuous Data Receive 


Similar to the Continuous Data Transmit case, the normal 
Operation of this mode is to assert IRQ when the ACIA has 
received a full data word. This occurs at about °/;5 point through 
the Stop Bit. The processor must read the Status Register and 
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read the data word before the next interrupt, otherwise the 
Overrun condition occurs. Figure 6 shows the continuous Data 
Receive Timing Relationship. 
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Figure 6. Continuous Data Receive 


Transmit Data Register Not Loaded by Processor 


If the processor is unable to load the Transmit Data Register іп 
the allocated time, then the TxD line goes to the “MARK” con- 
dition until the data is loaded. IRQ interrupts continue to occur 
at the same rate as previously, except no data is transmitted. 


When the processor finally loads new data, a Start Bit imme- 
diately occurs, the data word transmission is started, and another 
interrupt is initiated, signaling for the next data word. Figure 7 
shows the timing relationship for this mode of operation. 


СНАН Ап CDNTINUOUS "MARK" 
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PROCESSOR EVEN THOUGH NEW DATA, TRANSMISSION STARTS 
READS NO DATA iS IMMEDIATELY AND INTERRUPT 
STATUS TRANSMITTED OCCURS, INOICATING TRANSMIT 
REGISTER 


OATA REGISTER EMPTY 


Figure 7. Transmit Data Register Not Loaded by Processor 
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Effect of CTS on Transmitter 


CTS is ће Clear-to-Send signal generated by the modem. | is indicates that the Transmitter Data Register is not empty and 
normally low (true state) but may go high in the event of some ТАС is not asserted. CTS is a transmit control line only, and has 
modem problems. When this occurs, the TxD line goes to the no effect on the ACIA Receiver Operation. Figure 8 shows the 
"MARK" condition after the entire last character (including parity timing relationship for this mode of operation. 


and stop bit) have been transmitted. Bit 4 in the Status Register 
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Figure 8. Effect of CTS on Transmitter 
Effect of Overrun on Receiver 


If the processor does not read the Receiver data Register in the but the Overrun status bit is set. Thus, the Data Register will 

allocated time, then, when the following interrupt occurs, the contain the last valid data word received and all following data 

new data word is not transferred to the Receiver Data Register, is lost. Figure 9 shows the timing relationship for this mode. 
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Figure 9. Effect of Overrun on Receiver 
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Echo Mode Timing 


In Echo Mode, the TxD line re-transmits the data on the RxD 
line, delayed by Vz of the bit time, as shown in Figure 10. 
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Figure 10. Echo Mode Timing 


Effect of CTS on Echo Mode Operation 


In Echo Mode, the Receiver operation is unaffected by CTS, 
however, the Transmitter is affected when CTS goes high, i.e., 
the TxD line immediately goes to a continuous "MARK" con- 
dition. In this case, however, the Status Request indicates that 


the Receiver Data Register is full in response to an IRQ, so the 
processor has по way of knowing that "пе Transmitter has 
ceased to echo. See Figure 11 for the timir g relationship of this 
mode. 
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Figure 11. Effect of CTS on Echo Mode 
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Overrun т Echo Mode 


If Overrun occurs in Echo Mode, the Receiver is affected the 
same way as a normal overrun in Receive Mode. For the re- 
transmitted data, when overrun occurs, the TxD line goes to the 


CHAR £n 


PROCESSOR 
INTERRUPT 
FOR RECEIVER 
OATA REGISTER 
FULL 


PROCESSOR 
DOES NOT 

READ RECEIVER 
DATA REGISTER 


PROCESSOR 

READS OVERRUN OCCURS 
STATUS TxD GOES TO 
REGISTER “MARK” 


CONDITION 


мо даса) [MD У] » [У [7 ТУ] "] = | [s] КЕТУ 


“MARK” condition until the first Start Bit after the Receiver Data 
Register is read by the processor. Figure 12 shows the timing 
relationship for this mode. 


CHAR #x CHAR Я х+1 


PROCESSOR FINALLY TxD DATA 
READS RECEIVER RESUMES 
DATA REGISTER, 
LAST VALID 
CHARACTER (#n) 
PROCESSOR 
INTERRUPT 
FOR CHAR £x 
IN RECEIVER 


DATA REGISTER. 


Figure 12. Overrun in Echo Mode 


Framing Error 


Framing Error is caused by the absence of Stop Bit(s) on 
received data. A Framing Error is indicated by the setting of bit 
4 in the Status Register at the same time the Receiver Data 
Register Full bit is set, also in the Status Register. In response 
to IRQ, generated by RDRF, the Status Register can also be 


checked for the Framing Error. Subsequent data words are 
tested for Framing Error separately, so the status bit will always 
reflect the last data word received. See Figure 13 for Framing 
Error timing relationship. 


RxD 
(EXPECTED) 


RxD 
(ACTUAL) 


NOTES: 1. FRAMING ERROR DOES NOT 
INHIBIT RECEIVER OPERATION. 


2. IF NEXT DATA WORD IS OK, 
FRAMING ERROR IS CLEARED. 


Stop ' Stop Stop Stop 
а 1 2 Start 1 2 Start 


MISSING | 

НЫ PROCESSOR 

ш INTERRUPT, 
FRAMING 
ERROR 
BIT SET 


Figure 13. Framing Error 
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Effect of DCD on Receiver 


DCD is a modem output indicating the status of the carrier-fre- 
quency-detection circuit of the modem. This line goes high for 
a loss of carrier. Normally, when this occurs, the modem will 
stop transmitting data some time later. The АСПА asserts IRO 
whenever DCD changes state and indicates this condition via 
bit 5 in the Status Register. 


Asynchronous Communications Interface Ad: 


ipter (ACIA) 


Once such a change of state occurs, subsequent transitions will 
not cause interrupts or changes in the Status Register until the 
first interrupt is serviced. When the Status Register is read by 
the processor, the ACIA automatically checks the level of the 
DCD line, and if it has changed, another IRC occurs (see Figure 
14). 
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| Bones | 


| DELAY 


| 


[s 


| 


CONTINUOUS "MARK" 


Stop |Start 


d 
+ 


Dna Pie 


MODEM 

DELAY 

1 
L 


| 


и 
ы 


EE 
> 


і 
--4 


NORMAL AS LONG AS NO INTERRUPT PROCESSOR 
PROCESSOR | DCD IS HIGH, WILL OCCUR INTERRUPT 
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INTERRUPT INTERRUPTS INTERRUPT RECEIVER IS NOT Баса в 
FOR OCD FOR RECEIVER FOR DCD ENABLED UNTIL 
GOING HIGH WILL OCCUR GOING LOW — FIRST START BIT 


DETECTED 


Figure 14. Effect of DCD on Receiver 


Timing with 1% Stop Bits 


It is possible to select 1% Stop Bits, but this occurs only for 
5-bit data words with no parity bit. In this case, the IRQ asserted 
for Receiver Data Register Full occurs halfway through the 


trailing half-Stop Bit. Figure 15 shows the timing relationship for 
this mode. 


CHAR n 


CHAR 2+ п+1 


| 
| 


STOP BIT 
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PROCESSOR INTERRUPT 
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Figure 15. 


2-260 


Timing with 1% Stop Bits 


R65C51 Asynchronous Communications Interface Adapter (ACIA) 


Transmit Continuous “BREAK” 


This mode is selected via the ACIA Command Register and Note 

causes the Transmitter to send continuous “BREAK charac- If, while operating in the Transmit Continuous "BREAK" 

та радио wih te пей arate Fareed essere mode, the CTS sheu go o а high, the TiO wil te 
; ^. processor overridden by the CTS and will go to continuous "MARK" 

quickly re-programs the Command Pegister transmit mode. at the beginning of the next character transmitted after the 

Later, when the Command Register is programmed back to СТ goes high 

normal transmit mode, an immediate Stop Bit will be generated ! 

and transmission will resume. Figure 16 shows the timing rela- 

tionship for this mode. 


TxD Stop [Start ео |, | КЕ] svn] su Во 81 By Р Stop [^ ШІ ЕШ Stop | Start | во | 8 | 


PERIOD DURING 
WHICH PROCESSOR 
SELECTS 


5 
о 


CONTINUOUS POINT AT WHICH PROCESSOR 
“BREAK” MODE PROCESSOR INTERRUPT 
NORMAL SELECTS TO LOAD 
INTERRUPT NORMAL TRANSMIT 
TRANSMIT DATA 
MODE 


Figure 16. Transmit Continuous "BREAK" 


Receive Continuous “BREAK” 


In the event the modem transmits continuous “BREAK” char- shows the timing relationship for continuous “BREAK” 
acters, the ACIA will terminate receiving. Reception will resume characters. 
only after a Stop Bit is encountered by the ACIA. Figure 17 


oo, CONTINUOUS “BREAK” 


EEE bs ae пишип шш 
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i 


NO NO INTERRUPT 

MORE SINCE RECEIVER NORMA 
Pi INTERRUPTS DISABLED UNTIL RMAL 
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FOR BREAK AND FRAMING ERROR SET. INTERRUPT 
RECEIVER EVEN PARITY CHECK WILL ALSO 
DATA REGISTER GIVE А PARITY ERROR BECAUSE 
FULL ALL ZEROS (CONTINUOUS BREAK) 


REPRESENT EVEN PARITY. 


Figure 17. Receive Continuous "BREAK" 
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STATUS REGISTER OPERATION 


Because of the special functions of the various status bits, there 
is a suggested sequence for checking them. When an interrupt 
occurs, the ACIA should be interrogated, as follows: 


1. Read Status Register 


This operation automatically clears Bit 7 (RĀ). Subsequent 
transitions on DSR and DCD will cause another interrupt. 


2. Check IRQ (Bit 7) in the data read from the Status Register 
If not set, the interrupt source is not the ACIA. 

3. Check DCD and DSR 
These must be compared to their previous levels, which must 
have been saved Бу the processor. If they are both 0 (modem 
"on-line") and they are unchanged then the remaining bits 
must be checked. 

4. Check НОНЕ (Bit 3) 


Check for Receiver Data Register Full. 


5. Check Parity, Overrun, and Framing Error (Bits 0-2) if the 
Receiver Data Register is fuil. 


6. Check TDRE (Bit 4) 
Check for Transmitter Data Register Empty. 


7. If none of the above conditions exist, then CTS must have 
gone to the faise (high) state. 


PROGRAM RESET OPERATION 


А program reset occurs when the processor performs a write 
operation to the ACIA with 850 low and RS1 high. The program 
reset operates somewhat different from the hardware reset 
(RES pin) and is described as follows: 


1. internal registers are not completely cleared. Check register 
formats for the effect of a program reset on internal registers. 


2. The DTR line goes high immediately. 


3. Receiver and transmitter interrupts are disabled immediately. 
If IRQ is low when the reset occurs, it stays low until ser- 
viced, unless interrupt was caused by DCD or DSR transition. 


4. DCD and DSR interrupts are disabled immediately. if IRQ is 
low and was caused by DCD or DSR, then it goes high, also 
DCD and DSR status bits subsequently wil! follow the input 
lines, although no interrupt will occur: 


5. Overrun cleared, if set. 
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1. If Echo Mode is selected, RTS goes low. 


2. If Bit 0 of Command Register is 0 (disabled), then: 


a) All interrupts are disabled, including those caused by 
DCD and DSR transitions. 

b) Transmitter is disabled immediately. 

c) Receiver is disabled, but a character currently being 
received will be completed first. 


3. Odd parity occurs when the sum of all the 1 bits in the data 
word (including the parity bit) is odd. 


4. In the receive mode, the received parity bit does not go into 
the Receiver Data Register, but generates parity error or no 
parity error for the Status Register. 


5. Transmitter and Receiver may be in full operation simulta- 
neously. This is “full-duplex” mode. 


6. If the RxD line inadvertently goes low and then high right 
after a Stop Bit, the ACIA does not interpret this as a Start 
Bit, but samples the line again halfway into the bit to deter- 
mine if it is a true Start Bit or a false one. For false Start Bit 
detection, the ACIA does not begin to receive data, instead, 
only a true Start Bit initiates receiver operation. 


7. Precautions to consider with the crystal oscillator circuit: 


a) The external crystal should be a "series" mode crystal. 

b) The ХТАЦ input may be used as an external clock input. 
The unused pin (EXTALO) must be floating and may not 
be used for any other function. 


8. DCD and DSR transitions, although causing immediate pro- 
cessor interrupts, have no affect on transmitter operation. 
Data will continue to be sent, unless the processor forces 
transmitter to turn off. Since these are high-impedance inputs, 
they must not be permitted to float (un-connected). If unused, 
they must be terminated either to GND or Vcc. 


GENERATION OF NON-STANDARD BAUD RATES 


Divisors 

The internal counter/divider circuit selects the appropriate divi- 
sor for the crystal frequency by means of kits 0-3 of the АСА 
Contro! Register, as shown in Table 2. 

Generating Other Baud Rates 

By using a different crystal, other baud rates may be generated. 
These can be determined by: 


Crystal Frequency 


Baud Rate = 
Divisor 


Furthermore, it is possible to drive the ACIA with an off-chip 
oscillator to achieve other baud rates. in th s case, XTALI (pin 
6) must be the clock input and XTALO (pin 7) must be a no- 
connect. 


R65C51 


Table 2. Divisor Selection 


Asynchronous Communications Interface Adapter (ACIA) 


Baud Rate Generated 
With a Cryatal 
of Frequency (F) 


16 x External Clock 


at Pin ВхС 


Control Divisor Selected Baud Rate Generated 
Register For The With 1.8432 MHz 
Bits Internal Counter Crtstal 
ed 16 x External Clock 
ооо 0 No Divisor Selected at Pin RxC 
1.8432 x 106 
0 0 0 1 36,864 CE 
36,864 
1.8432 x 10° 8432 х 108 
о 0 1 0 24,576 
^ 24576 — 576 
1.8432 x 105 
16,769 ----------- 109.92 
16,769 


1.8432 x 10° 
13,704 —— = 134.51 
13,704 


o e 
— о 


1.8432 х 106 
12,288 === = 150 
12,288 


Е 
13,704 
Е 


12,288 
1.8432 x 105 F 
0 1 1 0 6,144 -----------ң 800 m 
6,144 6,144 
1.8432 x 109 F 
0 1! 1 1 3,072 —— = 600 PTUS 
3,072 3,072 
1.8432 x 108 F 
------------ 1,200 -T 
1,536 1,536 
1.8432 x 108 F 
——— 1,800 — 
1,024 1,024 
1.8432 x 108 F 
——————= 2,400 
768 768 
1.8432 x 106 Е 
———— = 3,600 
512 512 
1.8432 x 108 F 
——— — — = 4,800 TENOR CE 
384 384 
1.8432 x 108 F 
1 1 0 1 256 ———= 7,200 DNO 
256 256 
1.8432 x 10° F 
1 1 1 0 192 ------------ 9,600 
192 192 
1.8432 х 106 Е 
1 1 1 1 96 ------------ 19,200 
96 96 
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DIAGNOSTIC LOOP-BACK OPERATING MODES 


A simplified block diagram for a system incorporating an ACIA 
is shown in Figure 18. 


It may be desirable to include in the system a facility for "loop- 
back" testing, of which there are two kinds: 


1. Local Loop-Back 


Loop-back from the point of view of the processor. In this 
case, the Modem and Data Link must be effectively discon- 
nected and the ACIA transmitter connected back to its own 
receiver, so that the processor can perform diagnostic checks 
on the system, excluding the actual data channel. 


2. Remote Loop-Back 


Loop-back from the point of view of the Data Link and 
Modem. In this case, the processor, itself, is disconnected 
and all received data is immediately retransmitted, so the 
system on the other end of the Data Link may operate inde- 
pendent of the local system. 


The ACIA does not contain automatic loop-back operating 
modes, but they may be implemented with the addition of a 
small amount of external circuitry. Figure 19 indicates the nec- 
essary logic to be used with the ACIA. The LLB line is the pos- 
itive-true signal to enable local loop-back operation. Essentially, 
LLB - high does the following: 


1. Disables outputs TxD, DTR, and RTS (to Modem). 
2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 
3. Connects transmitter outputs to respective receiver inputs 


(i.e., TxD to RxD, ОТА to DCD, RTS to CTS). 


LLB may be tied to a peripheral control pin (from an R65C21 
or R65C24, for example) to provide processor control of local 


Asynchronous Communications Interface Adapter (ACIA) 


loop-back operation. п this way, the processor can easily per- 
form local loop-back diagnostic testing. 


Remote loop-back does not require this circuitry, so LLB must 
be set low. However, the processor must select the following: 


1. Control Register bit 4 must be 1, so that *he transmitter clock 
equals the receiver clock. 


2. Command Register bit 4 must be 1 to select Echo Mode. 


3. Command Register bits 3 and 2 must be 1 and 0, respec- 
tively to disable IRQ interrupt to transmitter. 


4. Command Register bit 1 must be 0 to disable IRQ interrupt 
for receiver. 


In this way, the system re-transmits received data without any 
effect on the local system. 


MICRO- 
PROCESSOR 


PROGRAM 
ROM 


[ie] 
CONTROL 
T 


yo 


TO DATA LINK 


Figure 18. Simplified System Diagram 
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NOTES: 1. HiGH ON LLB SELECTS LOCAL LOOP-BACK MODE. 
2. HIGH ОМ 74157 SELECT INPUT GATES “В” INPUTS 


TO "У" OUTPUTS; LOW GATES “А” TO "Y". 


Figure 19. Loop-Back Circuit Schematic 
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READ TIMING DIAGRAM 


Timing diagrams for transmit with external clock, receive with 
external clock, and IAQ generation are shown in Figures 20, 21 
and 22, respectively. The corresponding timing characteristics 
are listed in Table 3. 


Table 3. Transmit/Receive Characteristics 


Characteristic Unit 


эта [Win] Max | ма | ма 


DE | 


Сн 
tet 
top 


Transmit/Receive 
Clock Rate 


Transmit/Receive 
Clock High Time 


Transmit/Receive 
Clock Low Time 


XTLI to TxD 
Propagation Delay 


RTS Propagation 
Delay 


IRQ Propagation 
Delay (Clear) 


Notes: 
(а te = 10 to 30 ns) 


1 
“Тһе baud rate with external clocking is: Baud Rate = ----- 
16 х іссу 
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XTLI 
(TRANSMIT 
CLOCK INPUT) 


TxD 


NOTE: TxD RATE IS 1/16 TxC RATE 


Figure 20. Transmit Timing with External Clock 


RxC 
(INPUT) 


—а— 
NOTE: RxD RATE IS 1/16 AxC RATE 


Figure 21. Receive External Clock Timing 
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Figure 22. 


Interrupt and Output Timing 


R65C51 Asynchronous Communications Interface Adapter (ACIA) 


AC CHARACTERISTICS 


Parameter Symbol Min Max Min Max 


92 Cycle Time tovo 500 - 250 = ns 
02 Pulse Width te 200 — 100 — ns 
Ае . _| _____ р. - 


Address Set-Up Time tac 60 — 30 — ns 
Address Hold Time | (САН 770 - 0 L — ns 
R/W Set-Up Time twe 60 — 30 - ns 
RW Hold Time teom | o0 | - o | = ns 
Data Bus Set-Up Time | см Т 60 — 35 7 = ns 

| Data Bus Hold Time uw 10 = s | — ns 771 
Read Access Time (Valid Data) | (соң - 150 - 22050 CEN 
Read Hold Time | tur 10 - 10 | — ns 

|___ Bus Active Time (Invalid Data) _topa 20 | — 10 _ — ns 


Notes: 

1. Мес = 5.0V +5%. 

2. Ta = T, to Ту. 

3. ің and te = 10 to 30 ns. 


$2 


CS,, CS,, Або, RS, 


twcw— — tCWH—| 


RW 


Figure 23. Write Timing Diagram 


DATA BUS 


Figure 24. Read Timing Characteristics 
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ABSOLUTE MAXIMUM RATINGS* 
[зу [уне | 


-0.3 to +70 


— 0.3 to Уос +0.3 | Мас 
TA °С 


Commercial Oto +70 
Industrial – 40 to +85 


OPERATING CONDITIONS 


Parameter 


Parameter 
Supply Voltage 


Input Voltage 
Output Voitage 
Operating Temperature 


Supply Voltage 


Temperature Range 
Commercial 
Industrial 


0° to 70°C 
— 40°C to +85°C 


DC CHARACTERISTICS 


(Voc = 5.0V +5%, Vss = 0, Ta = Т) to Ty, unless otherwise noted) 


Asynchronous Communications Interface Adapter (ACIA) 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not Impiied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


— 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input High Voltage Ун 2.0 — Voc у __| 
Input Low Voltage Vie -0.3 — 10.8 M 
н-- —— 
Input Leakage Current: lin -- t1 x25 pA Мн = OV to Voc 
82, ВАМ, RES, CSO, 651, RSO, RS1, CTS, RxD, OCD, DSR Мес = 5.25V 
Input Leakage Current (Three State Off) Its; - +2 +10 кА Vin = 0.4V to 2.4V 
00-07 Voc = 5.25V 
Output High Voltage: Vou 2.4 -- - V Voc = 4.75V 
— = - А 
00-07, TxD, RxC, RTS, DTR lLoap 100 ш 
Output Low Voltage: VoL — — 0.4 У Voc = 4.75У 
00-07, TxD, RxC, RTS, DTA, IRQ одр = 1.6 ТА 
Output High Current (Sourcing): lox – 200 - 400 — ҺА Von = 2.4V 
00-07, TxD, RxC, RTS, БТН 
Output Low Current (Sinking): ____ 
00-07, TxD, RxC, RTS, ОТА, IRQ lot 1.6 - - mA Мо, = 0.4V 
Output Leakage Current (off state): IRG lorr - | 10 uA Vour = 50V 
|____ 
Power Dissipation Pp - 7 10 ту//МН2 
-- -ң-- — 
Input Capacitance Bm | Vcc = 5.0V 
All except #2 Сак - 20 рЕ Vin = OV 
02 Cw - 10 pF f = 2 MHz 
ТА = 25°C 
J |" 
Output Capacitance Cour — 10 pF 


Notes: 
1. All units are direct current (dc) except for capacitance. 


3. Typical values are shown for Veg = 5.0V and TA = 25°С. 


2. Negative sign indicates outward current flow, positive indicates inward flow. 
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PACKAGE DIMENSIONS 


28-PIN CERAMIC DIP 


28-PIN PLASTIC DIP 


PIN NO. 1 


: = (086 
Іш (1380) | 


T 
| (1.470) (160 


(1.440) НЕ (619) 


1 жада 


(085) (.015) 


~ 


Rockwell 


R65C52 


R65C52 


DUAL ASYNCHRONOUS COMMUNICATIONS 
INTERFACE ADAPTER (DACIA) 


PRELIMINARY 
FEATURES 


DESCRIPTION 


The Rockwell CMOS R65C52 Dual Asynchronous Communica- 
tions Interface Adapter (DACIA) provides an easily implemented, 
program controlled interface between 8-bit microprocessor-based 
systems and serial communication data sets and modems. 


The DACIA has an internal baud rate generator. This feature elim- 
inates the need for multiple component support circuits, a crystal 
being the only other part required. The Transmitter baud rate can 
be selected under program control to be either 1 of 15 different 
rates from 50 to 38,400 baud, or at 1/16 times an external clock 
rate. The Receiver baud rate may be selected under program con- 
trol to be either the Transmitter rate, or at 1/16 times the external 
clock rate. The DACIA is programmable for word lengths of 5, 6, 
7 or 8 bits; even, odd, or no parity; and 1 or 2 stop bits. 


The DACIA is designed for maximum programmed control from 
the microprocessor (MPU) to simplify hardware implementation. 
Dual sets of registers allow independent control and monitoring 
of each channel. The DACIA also provides a unique, program- 
mable Automatic Address Recognition Mode for use in a multi- 
drop environment. 


The Control Register and Status Register permit the MPU to 
easily select the R65C52’s operating modes and determine 
operational status. 


The Interrupt Enable Registers (IER) and Interrupt Status 
Registers (ISR) allow the MPU to control and monitor the interrupt 
capabilities of the DACIA. 


The Control and Format Register (CFR) permits selection of baud 
rates, word lengths, parity and stop bits as well as control of DTR 
and RTS output signals. 


The Status Register (SR) gives the MPU access to the state of 
the modem control lines, framing error, transmitter underrun and 
break conditions. 


The Compare Data Registers (CDR) hold the data value to be used 
in the compare mode and the Transmit Break Register (TBR) 
commands a Transmit Break and provides for parity/address 
recognition, for Automatic Address Mode. 


The Transmitter Data Register and Receiver Data Register are 
used for temporary data storage of input and output data. 


Low power CMOS N-well silicon gate technology 


Two independent full duplex channels with buffered receivers 
and transmitters. 


Data set/modem control functions 


Internal baud rate generator with 15 programmable baud 
rates (50 to 38,400) 


Program-selectable internally or externally controlled receiver 
rate 


Programmable word lengths, number of stop bits, and parity 
bit generation and detection 


Programmable interrupt control 


Programmable control of edge detect for DCD, DSR, DTR, 
RTS, and CTS 


Program-selectable serial echo mode for each channel 
Automatic Address Recognition Mode for multi-drop operation. 
Up to 4 MHz host bus operation 

5.0 Vdc +5% supply requirements 

40-pin plastic or ceramic DIP 

Fuli TTL or CMOS input/output compatibility 


Compatible with R6500 and В65С00 microprocessors and 
R6500/* microcomputers. 


ORDERING INFORMATION 


r 


Part Number: 
А65С52 . 


Temperature Range (T, to Ty): 
Blank = 0°C to 4 70?C 
Е = – 40°С to +85°С 


Frequency Range: 
2 = 2 MHz 
4 = 4 MHz 


Package 
C = Ceramic 
P = Plastic 


Document No. 29651N68 
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3 
4 
5 
6 
7 
8 
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*Note: Must be Нед to Усс. 


Figure 1. R65C52 Pin Configuration 
INTERFACE SIGNALS 


Figure 2 shows the DACIA interface signals associated with the 
microprocessor and the modem. 


DATA BUS (00-07) 

The 00-07 pins are eight data lines that transfer data between 
the microprocessor (MPU) and the DACIA. These lines are bidirec- 
tional and are normally high-impedance except during READ cycle 
when the DACIA is selected. 


Dual Asynchronous Communications Interface Adapter (DACIA) 


REGISTER SELECTS (150, RS1, 152) 

The three register select lines are normally connected to the proc- 
essor address lines to allow the MPU to select the various inter- 
nal registers. Table 1 shows the internal register select coding and 
identifies the abbreviations (ABBR) used throughout the text for 
each register. 


READ/WRITE (R/W) 

The RAW input, generated by the microprocessor, controls the 
direction of data transfer. A high on the R/W line indicates a read 
cycle, while a low indicates a write cycle. 


CHIP SELECT (CS) 

The chip select input is normally connected to the processor 
address lines either directly or through decoders. The DACIA 
latches address and R/W inputs on the falling edge of CS and 
latches the data bus inputs on the rising edge of CS. 


RESET (RES) 

During system initialization a low level on the RES input causes а 
RESET to occur. At this time the IER's are set to $80, the DTR and 
RTS lines go to the high state, the RDF register is cleared, 
the TBR is set to $0F, the compare mode is disabled, and the CTS, 
DCD, DSR flags are cleared. No other bits are affected. 


TRANSMIT DATA (TXD1, TXD2) 

The TxD outputs transfer serial non-return to zero (NRZ) data to 
the data communications equipment (ОСЕ). The data is trans- 
ferred, LSB first, at a rate determined by the baud rate generator. 


RECEIVE DATA (RXD1, RXD2) 

The RxD inputs transfer serial NRZ data into the DACIA from the 
DCE, LSB first. The receiver baud rate is determined by the baud 
rate generator. 


LOGIC 


m ACIA1 
IRQI INTERRUPT 
LOGIC 
R/W 
ts 1/0 CONTROL 
RES AND 
86500, REGISTER 
R65C00, RSO SELECT 
or RS1 LOGIC 
R6500/* RS2 . 
DATA DATA 
BUS vo 
BUFFERS MUX 
ACIA2 
1892 INTERRUPT 


emi | 
ACIA1 DCD1 
REGISTERS DSR1 
AND RxD1 ACIA 
CONTROL TxD1 CHANNEL 1 
LOGIC DTR1 
RTS1 
ACIA1 BAUD 
RATE SELECT 
RxC 
XTALI 
CLOCK CLKDUT 
LOGIC XTALO 
TxC 
ACIA2 BAUD 
RATE SELECT 
ятө? 7 
ACIA2 DTR2 
REGISTERS тхр2 | ACIA 
AND DSR2 CHANNEL 2 
CONTROL DSR2 


LOGIC 


Figure 2. 
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CLEAR TO SEND (CTS1, CTS2) 


The CTS control line inputs allow handshaking by the transmitter. 
When CTSis low, the data is transmitted continuously. When CTS 
is high, the Transmit Data Register empty bit in the ISR is not set. 

The word presently in the Transmit Shift Register is sent normally. 

Any active transition on the CTS lines sets the CTS bit in the 
appropriate ISR. The CTS status bit in the CSR reflects the cur- 
rent high or low state of CTS. 


DATA CARRIER DETECT (DCD1, DCD2) 


These two lines may be used as general purpose inputs. An active 
transition sets the DCD bit in the ISR. The DCD bit in the CSR 
reflects the current state of the DCD line. 


DATA SET READY (DSR1, DSR2) 


These two lines may be used as general purpose inputs. An active 
transition sets the DSR bit in the ISR. The DSR bit in the CSR 
reflects the current state of the DSR line. 


REQUEST TO SEND (RTS1, RTS2) 


These two lines may be used as general purpose outputs. They 
are set high upon reset. Their state may be programmed by set- 
ting the appropriate bits in the CFR high or low. The state of the 
RTS line is reflected by the RTS bit in the CSR. 


DATA TERMINAL READY (DTR1, DTR2) 


These two lines may be used as general purpose outputs. They 
are set high upon reset. Their state may be programmed by set- 
ting the appropriate bits in the CFR high or low. The state of the 
БТН line is reflected by the ОТА bit in the CSR. 


INTERRUPT REQUEST (IRQ1, IRQ2) 


The IRQ lines are open-drain outputs from the interrupt control 
logic. IRQ1 is associated with ACIA1 and IRQ2 is associated with 
ACIA2. These lines are normally high but go low when one of the 
flags in the ISR is set, provided that its corresponding enable bit 
is set in the IER. 


Table 1. DACIA Register Selection 
REGISTER SELECT [CONTROL AND FORMAT T 
— LINES | REGISTER BITS СА REGISTER ACCESS 
ADDR [ ms! | нә CFR-7 CFR | ABBR WRITE READ 
m T i В й Е IER1 INTERRUPT ENABLE INTERRUPT STATUS 
_| У _| А! REGISTER 1 REGISTER 1 
1 "ic EE CFR! CONTROL STATUS 
| өні REGISTER 1 REGISTER 1 
% - ў 5 1 | DFR1 FORMAT INVALID 
= REGISTER 1 
= ir gi "I COMPARE DATA 
m. 0 CDRI S ECISTÉRA INVALID 
2 k н К T TRANSMIT BREAK 
| = 1 TBRI | REGISTER | INVALID 
| мк АРА 4- —- d 
2 қ 7 , TDR! TRANSMIT DATA RECEIVE DATA 
= m RDR1 REGISTER 1 REGISTER 1 
Nie | | _| | 
4 т t 5 E — IER2 INTERRUPT ENABLE INTERRUPT STATUS 
| ISR2 REGISTER 2 REGISTER 2 
| Я Т CFR2 CONTROL STATUS 
SR2 REGISTER 2 REGISTER 2 
92 ч t H FORMAT iz 
1 = CFR2 INVALID 
= _| REGISTER 2 
| 4 
= 0 CDR2 COMPARE DATA INVALID 
REGISTER 2 
55 H H 2 s TRANSMIT BREAK -~ = 
= 1 TBR2 ава ла INVALID 
| | T I zr a 4 —— 
" А н B 7 H TDR2 TRANSMIT DATA RECEIVE DATA 
| RDR2 REGISTER 2 REGISTER 2 


2-271 


R65C52 Dual Asynchronous Communications Interface Adapter (DACIA) 


FUNCTIONAL DESCRIPTION 


Figure 3 is a block diagram of the DACIA which consists of two 
asynchronous communications interface adapters with common 
microprocessor interface control logic and data bus buffers. The 
individual functional elements of the DACIA are described in the 
following paragraphs. 


INTERRUPT LOGIC 


The interrupt logic causes the IRQ lines (АОЛ or IRQ2) to go low 
when conditions are met that require the attention of the MPU. 
There are two registers (the Interrupt Enatle Register and the 
Interrupt Status Register) involved in the control of interrupts in 
the DACIA. Corresponding bits in both registers must be set to 
cause an IRQ. 
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Figure 3. DACIA Block Diagram 
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DATA BUS BUFFER 


The Data Bus Buffer is a bidirectional interface between the 
System data lines and the internal data bus. When R/W is high and 
CS is low, the Data Bus Buffer passes data from the internal data 
bus to the system data lines. When R/W is low and CS is low, data 
is brought into the DACIA from the system data bus. Table 2 sum- 
marizes the Data Bus Buffer states. 


Table 2. Data Bus Buffer Summary 


Control Signais 
RW 65 | Data Bus Buffer State 


L L 
H L 
TRANSMIT AND RECEIVE DATA REGISTERS 


These registers are used as temporary data storage for the DACIA 
Transmit and Receive circuits. The Transmit Data Register is 
characterized as follows: 


Write Mode — Tri-State 
Read Mode — Output Data 


е Bit Ois the leading bit to be transmitted. 


* Unused data bits are the high-order bits and are “доп” care" 
for transmission. 


® Write-only register. 


The Receive Data Register is characterized in a similar fashion 
as follows: 


• Bit Ois the leading bit received. 

* Unused data bits are the high order bits and are "0” for the 
receiver. 

• Parity bits are not contained in the Receive Data Register, 
but are stripped off after being used for external parity check- 
ing. Parity and all unused high-order bits are “0”. 

• Read-only register 


Figure 4 shows an example of a Parity Mode single transmitted 
or received data word. In this example, the data word is format- 
ted with 8 data bits, parity, and two stop bits. Figure 4 also shows 
a single character transmitted or received in Address/Data Mode. 
In this example, the address or data word is 8 bits, there is no 


PARITY MODE 


PARITY STOP 
BIT BITS 


Figure 4. Typical Character 
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parity bit, and there are two stop bits. The 10th bit (normal parity 
bit) is an address/data indicator. A 1 means the 8 bits are an 
address and a 0 means the 8 bits are data. 


CLOCK CIRCUIT 


The internal clock oscillator supplies the time base for the baud 
rate generator. The oscillator can be driven by a crystal or an 
external clock, or it can be disabled, in which case the time base 
for the baud rate is generated by the Receiver External Clock 
(RxC) and Transmitter External Clock (TxC) input pins. Figure 5 
shows the three possible clock configurations. 


Crystal (XTALI, XTALO) 


These pins are normally connected to an external 3.6864 MHz 
crystal used as the time base for the baud rate generator. As an 
alternative, the XTLI pin may be driven with an externally 
generated clock in which case the XTALO pin must float. 


Receiver Clock (RxC) 


This pin is the Receiver 16x clock input when the baud rate gen- 
erator is programmed for external clock. Figure 15 shows timing 
considerations for RxC. 


Transmitter Clock (TxC) 


This pin is the transmitter 16x clock input when the baud rate 
generator is programmed for external clock. Figure 16 shows tim- 
ing considerations for ТХС. 


Note 


When RxC and TxC are used for external clock input, 
XTALI must be tied to ground (Vss) and XTALO must 
be left open (floating). 


Clock Out (CLK OUT) 


This output is a buffered output from the 3.6864 MHz crystal 
oscillator. It may be used to drive the XTALI input of another 
DACIA. This allows multiple DACIA chips to be used in a system 
with only one crystal needed. CLK OUT is in phase with XTALI. 


EXTERNAL 
9—] XTALI 
3.6864 MHz CLOCK 
CRYSTAL[ | 
et XTALO 
ji CIRCUIT ° 
15-20 pF = ineo 
= INTERNAL EXTERNAL 
CLOCK CLOCK 
RECEIVER 
EXTERNAL 
CLOCK 
TRANSMITTER 
EXTERNAL 
CLOCK 
OPEN EXTERNAL 


CIRCUIT CLOCK 


Figure 5. DACiA Clock Generation 
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CONTROL AND FORMAT REGISTER (CFR) 


The Control and Format Register (CFR) is a dual-function, write- 
only register which allows control of word length, baud rate, con- 
trol line outputs, parity, echo mode, and compare/TBR access. 
When the CFR is written to with bit 7 = 0, the CFR functions as 
a Control Register. When the CFR is written to with bit 7 = 1, the 
CFR operates as a Formal Register. 


Control Register (CFR Addressed with Bit 7 = 0) 
7 | e [| 5 | 4 3 2 1 0 
NO. 
0 ыы STOP | ECHO) BAUD RATE SELECTION 
BITS 
Bit 7 Control or Format Register 
0 Control Register 
Bit 6 TBR/CDR 
1 Access the Transmit Break Register (TBR) 
0 Access the Compare Data Register (CDR) 
ВН 5 Number of Stop Bits 
1 Two stop bits 
0 One stop bit 
Bit 4 Echo Selection (ECHO) 
1 Echo activated 
0 Echo deactivated 
Bits 3-0 Baud Rate Selection 
3210 Baud Rate 
0000 50 
000 1 109.2 
0010 134.58 
0011 150 
0100 300 
0101 600 
0110 1200 
0111 1800 
1000 2400 
1001 3600 
1010 4800 
1011 7200 
1100 9600 
110 1 19200 
1110 38400 
1111 External TxC апа RxC Clocks 
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Format Register (CFR Addressed with Bit 7 = 


[7/6 в 4 3] 2 
ER Yu 
А Еа PARITY | РААІТҮ | БІН ATS 
Bos | SELECTION | ENABLE | CONTROL | CONTROL 


Control or Format Register 


1 Format Register 
Bits 6-5 Number of Data Bits Per Channel 
6 5 No. Bits 
00 5 
0 1 6 
10 7 
1 1 8 
Bits 4-3 Parity Mode Selection 
43 Selects 
оо Odd Parity 
01 Емеп Рату 
10 Магк Рату 
11 Space Рату 
Bit 2 Parity Enable 
1 Parity as specified by bits 4-3 
0 No Parity 
Bit 1 DTR Control 
1 DTR high 
0 БТА low 
Bit 0 RTS Control 
1 RTS high 
0 RTS low 


INTERRUPT ENABLE REGISTER (IER) 


The Interrupt Enable Register (IER) is a write-only register that 
allows each of the possible IRQ sources tc be enabled, or dis- 
abled, individually without affecting any of the other interrupt 
enable bits in the register. IRQ sources are enabled by writing 
to the IER with bit 7 set to a 1 and every bit set to a 1 that cor- 
responds to the IRQ source to be enabled. IRQ sources are 
disabled by writing to the IER with bit 7 set to a 0 and every bit 
setto ал that corresponds to the IRQ source to be disabled. Any 
bit (except bit 7) to which а 0 is written is unaffected and remains 
in its original state. As an example, writing $7F to the IER will 
disable all IRQ source bits, but writing $FF to the IER will enable 
all IRQ source bits. A hardware reset (FIES) clears all IRQ 
Source bits to the 0 state. Bit assignments for the IER are as 
follows: 


7 6 [s[as4ls] 2 ШИШ 
ЕВМ 
CLEAR/ TDR === | === | === PARITY RDR 
ЗЕТ | empry (15 | PED DSR | ERROR OVP | FULL 
BITS IE Е IE ЈЕ 
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INTERRUPT STATUS REGISTER (ISR) 


The Interrupt Status Register (ISR) is a read-only register that 
identifies the current status condition for each DACIA internal IRQ 
source. Bits 6 through 0 of the ISR are set to a 1 whenever the 
corresponding IRQ source condition has occurred in the DACIA. 
Bit 7 identifies if any of the IRQ source status bits have been set 
in the ISR. 


FRM 


PARITY OVR RDR 
EMPTY | TRANS | TRANS | TRANS | ERROR BRK FULL 
Bit 7 Any Bit Set 
1 Any bit (6 through 0) has been set to a 1 
0 No bits have been set to a 1 
Bit 6 Transmit Data Register Empty (TDR EMPTY) 
1 Transmit Data Register has been transferred to 
the shift register 
0 New data has been written to the Transmit Data 
Register 
Bit 5 Transition On CTS Line (CTS TRANS) 
1 A positive or negative transition has occurred on 
CTS 
0 No transition has occurred on CTS, or ISR has 
been Read 
Bit 4 Transition On DCD Line (DCD TRANS) 
1 A positive or negative transition has occurred on 
DCD 
0 No transition has occurred on DCD, or ISR has 
been Read 
Bit 3 Transition On DSR Line (DSR TRANS) 
1 A positive or negative transition has occurred on 
DSR 
0 No transition has occurred on DSR, or ISR has 
been Read 
Bit 2 Parity Error 
1 A parity error has occurred in received data 
0 No parity error has occurred, or the Receive 
Data Register (RDR) has been Read 
Bit 1 Frame Error, Overrun or Break (FRM OVR 
BRK) 
1 A framing error, receive overrun, or receive 
break has occurred 
0 No error, overrun, break has occurred or ВОВ 
has been Read 
Bit 0 Recelve Data Register Full (RDR FULL) 
1 Shift register data has been transferred to 
Receive Data Register 
0 Receive Data Register has been Read 
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CONTROL STATUS REGISTER (CSR) 


The Control Status Register (CSR) is a read-only register that pro- 
vides I/O status and error condition information. The CSR is nor- 
mally read after an IRQ has occurred to determine the exact 
cause of the interrupt condition. 


Bit 7 Framing Error 

1 A framing error occurred in receive data 

0 No framing error occurred, or the RDR was 

Read 

Bit 6 Transmitter Underrun (TRANS UNDR) 

1 Transmit shift register is empty and TDRE bits 

in IER and ISR are set 

0 A write to the TDR has occurred 
Bit 5 CTS Status 

1 A low-to-high transition occurred on CTS line 

0 А high-to-low transition occurred on CTS line 
Bit 4 DCD Status 

1 A low-to-high transition occurred on DCD line 

0 A high-to-low transition occurred оп DCD line 
Bit 3 DSR Status 

1 A low-to-high transition occurred on DSR line 

0 А high-to-low transition occurred on DSR line 
Bit 2 REC Break 

1 A Receive Break has occurred 

0 No Receive Break occurred, or RDR, was read 
Bit 1 DTR Status 

1 A low-to-high transition occurred on DTR line 

0 A high-to-low transition occurred on ОТА те 
Bit 0 RTS Status 

1 A low-to-high transition occurred on RTS line 

0 A high-to-low transition occurred on RTS line 
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TRANSMIT BREAK REGISTER (TBR) 


The DACIA has two Transmit Break Registers which are write- 
only registers. Only two bits of these registers are used; one dur- 
ing the Receive mode to command a Transmit Break and the 
other to provide for Parity/Address recognition. Writing a 1 to bit 1 
of the TBR causes a continuous Break to be transmitted by the 
ACIA associated with the register. Writing a 0 to this bit allows 
normal transmission to resume. Writing a 1 to bit О of the TBR 
commands the value of the Рату bit to be sent о the Рату Error 
bit (bit 2 of the ISR). Writing a O to this bit allows normal Parity 
Error recognition to be in force. When an RES is received by the 
DACIA, both of these bits are reset to 0. The bits format for the 
TBR are as follows: 
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COMPARE DATA REGISTER 


The Compare Data Register (CDR) is a write-only register which 
сап be accessed when CFR bit 6 = 0. By writing a value into the 
CDR, the DACIA is put in the compare mode. In this mode, set- 
ting of the RDRF bit is inhibited until a character is received which 
matches the value in the CDR. The next character is then received 
and the ВОВЕ bit is set. The receiver will лом operate normally 
until the CDR is again loaded. 


SUMMARY OF REGISTERS 


Table 3 shows the control and status registers associated with 
the DACIA in a single summary table. Еасл of the ACIA’s has its 
own set of these seven registers. 


7 6 5 4 3 2 1 0 OPERATION 
| NOT USED TRANS | РАН/ The following paragraphs describe ten modes (or conditions) of 
| ВАК ADDR operation of the DACIA. The modes described are: 
• Continuous Data Transmit 
Bits 7-2 Not used (don’t care) • Continuous Data Receive 
• Transmit Underrun Condition 
Bit 1 Transmit Break (TRANS BRK) | • Effects of CTS on Transmitter 
| пао оние Вгеак until disabled • Effects of Overrun on Receiver 
esume normal transmission • Echo Mode Timing 
Bit 0 Parity/Address Recognition (PAR ADDR) * Framing Error 
1 Send value of parity to ISR bit 2 * Transmit Break Character 
0 Return to normal Parity Error recognition mode • Receive Break Character 
• Automatic Address Recognition 
Table 3. Control and Status Registers Format Summary 
REGISTER BIT NUMBERS REGISTER RES 
7 6 5 | 4 3 2 1 0 
J- 2 L 
TDR = PARITY FRM ROR INTERRUPT 
мы ЕМРТУ а gs а + ERROR OVR FULL ENABLE $80 
IE s, IE BRK IE IE REGISTERS 
EE TDR CTS DCD DSR | PARITY Ы RDR E us ue] e 
SET EMPTY TRANS TRANS | TRANS ERROR BRK FULL REGISTERS 
FRAMING TRANS CTS DCD DSR REC DTR RTS STATUS T 
ERROR UNDR STATUS STATUS STATUS BREAK STATUS STATUS REGISTERS 
| мо 7 |, ІШ 
ТВА/ , СОМТВОЕ 
0 CDR STOP ECHO BAUD RATE SELECTION REGISTERS 
BITS 
5 AND — 
1 NUMBER OF PARITY PARITY DTR RTS FORMAT 
DATA BITS SELECTION ENABLE | CONTROL | CONTROL | | REGISTERS 
- L- 
TRANS PAR/ TRANSMIT 
NOT USED BRK ADDR ЗВЕАК $0Е 
REGISTERS 
1 Y | iga TO PeT 
| COMPARE BITS (ADDRESS RECOGNITION) LATE _ 
1 P 
| REGISTERS 
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CONTINUOUS DATA TRANSMIT 


In the normal operating mode, the TDRE bit in the ISR signals 
the MPU that the DACIA is ready to accept the next data word. 
An IRQ occurs if the corresponding TDRE IRQ enable bit is set 
in the IER. The TDRE bit is set at the beginning of the start bit. 


When the MPU writes a word to the TDR the TDRE bit is cleared. 
In order to maintain continuous transmission the TDR must be 
loaded before the stop bit(s) are ended. Figure 6 shows the rela- 
tionship between IRQ and TxD for the Continuous Data Transmit 
mode. 


CHAR #n CHAR fn + 1 
| 


по | [e]. [e] | 


| START STOP START 
1 


IRQ 


[wr] 


\ 


PROCESSOR PROCESSOR 
INTERRUPT READS 
(TRANSMIT DATA ISR, CAUSES 
REGISTER EMPTY) IRQ TO CLEAR 


|» [А] [ale] 


ЗТОР | ЗТАЯТ 
1 


CHAR #n + 2 CHAR #n + 3 
LL i 


STOP) START STOP} 
1 1 


PROCESSOR MUST 
LOAD NEW DATA 

IN THIS TIME 
INTERVAL OTHERWISE, 
CONTINUOUS “МАЯК” 
IS TRANSMITTED 


Figure 6. Continuous Data Transmit 


CONTINUOUS DATA RECEIVE 


Similar to the continuous data transmit mode, the normal receive 
mode sets the ВОВЕ bit in the ISR when the DACIA has received 
a full data word. This occurs at about the 9/16 point through the 


stop bit. The processor must read the RDR before the next stop 
bit, or an overrun error occurs. Figure 7 shows the relationship 
between IRQ and RxD for the continuous Data Receive mode. 


CHAR #n CHAR fn *1 


CHAR an +2 CHAR fn +3 


а 


IRQ PROCESSOR 
INTERRUPT OCCURS 
ABOUT 9/16 INTO 
LAST STOP BIT 


PARITY OVERRUN, PROCESSOR READS 
AND FRAMING ERROR ISR, CAUSES 
UPDATED ALSO IRQ TO CLEAR 


ШЫ STOP; START STOP; START STOP! START co; 


t 


PROCESSOR MUST READ 
RECEIVER DATA IN THIS 
TIME INTERVAL, OTHERWISE 
OVERRUN OCCURS 


Figure 7. Continuous Data Receive 
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TRANSMIT UNDERRUN CONDITION flag is set. This condition persists until the TDR is loaded with a 


If the MPU is unable to load the TDR before the last stop bit is new word. Figure 8 shows the relation between IRQ and TxD for 
sent, the TxD line goes to the MARK condition and the underrun the Transmit Underrun Condition. 
CHAR #n CONTINUOUS "MARK" CHAR № +1 CHAR fn +2 
| 
по | + ее | СЕТ. 
STOP | START 7 STOP | START 77 Бе» START 
м | | |J | [I] 
| РМ X | 
P4 WHEN PROCESSOR FINALLY LOADS 
PROCESSOR и NEW DATA, TRANSMISSION STARTS 
INTERRUPT PROCESSOR READS IMMEDIATELY AND INTERRUPT 
FOR DATA UNDERRUN BIT ISR, CLEARS IRQ OCCURS, INDICATING TRANSMIT 
EMPTY SET DATA REGISTER EMPTY 


Figure 8. Transmit Underrun Condition Relationship 


EFFECTS OF CTS ON TRANSMITTER 


The CTS control line controls the transmission of data or the hand- in the shift register continues to be sent but any word in the TDR 
shaking of data to a "busy" device (such as a printer). When the is held until CTS goes low. At the high-to-low transition the CTS bit 
CTS line is low, the transmitter operates normally. Any transition in the ISR is again set. Figure 9 shows the relationship of IRQ, 
on this line sets the CTS bit in the ISR. A high condition inhibits TxD, and CTS for the effects of CTS on the transmitter. 


the TDRE bit in the ISR from becoming set. The word currently 


NEXT CHARACTER IS SENT IMMEDIATELY 
UPON CTS GOING LDW IF PROCESSDR 


CHAR Яп CHAR № +1 HAS ALREADY LDADEI) NEW DATA, 
TxD CONTINUOUS MARK OTHERWISE IT WAITS FOR NEW DATA. 
Те]. dey Lt fled Teel EROS 
NEXT ! 0 [s| 
-- ци... і 
dde START STOP} CHARACTER START 
1S NOT SENT 


WHEN PROCESSOR 
ТОНЕ IS NOT SET MPU FINALLY LOADS 
CLEARS NEW “IATA, 
IRQ АВАМ TRANSMISSION STARTS 


ind | — lll Lo. FP 1 мы AND | 


INTEFIRUPT OCCURS, 
INDICATING TRANSMIT 
DATA REGISTER EMPTY 


сте CLEAR-TO-SEND 


Figure 9. Effects of CTS on Transmitter 
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EFFECTS OF OVERRUN ON RECEIVER 


If the processor does not read the RDR before the stop bit of the 
next word, an overrun error occurs, the overrun bit is set in the 
ISR, and the new data word is not transferred to the RDR. The 
RDR contains the last word not read by the MPU and all follow- 


ing data is lost. The receiver will return to normal operation when 
the RDR is read. Figure 10 shows the relation of IRQ and RxD for 
the effects of overrun on the receiver. 


CHARI #n 


CHAR i +1 


РЕШЕ... n + 2 CHAR im +3 


“REPU EE EP, GBR EPL NC 


ка START 


STOP { START STOP | START 


ва 


PROCESSOR ~~ 


INTERRUPT MPU DOES 
FOR RECEIVER NOT READ 
DATA REGISTER RDR. OVERRUN 
FULL BIT SET 


ІШЕР | START 


X CHAR £n + 2 


МРЏ ВЕА05 IRQ. 
{SR CHAR #n + 1 
CLEARS IRQ IS LOST 


Figure 10. Effects of Overrun on Receiver 


ECHO MODE TIMING 


In the Echo Mode, the TxD line re-transmits the data received on 
the RxD line, delayed by 1/2 of a bit time. An internal underrun 
mode must occur before Echo Mode will start transmitting. In nor- 
та! transmit mode if TDRE occurs (indicating end of data) an 


underflow flag would be set and continuous Mark transmitted. If 
Койо is initiated, the underflow flag will not be set at end of data 
and continuous Mark will not be transmitted. Figure 11 shows the 
relationship of RxD and TxD for Echo Mode. 


STOP START STOP START 


Ирас ССС ___ 
м 


95251 


TxD 


STOP START STOP START 


тү е е Ыы ДЕ у жабай 


ЕМО ОР 


5ТОР DATA 


CONTINUOUS MARK 
IF NOT ECHO MODE 


IF ECHO MODE, 

NO UNDERFLOW, 
THEREFORE NO 
CONTINUOUS MARK 


STOP b 


Figure 11. 


Echo Mode Timing 
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FRAMING ERROR 


Framing error is caused by the absence of stop bit(s) on received reflects the last data word received. Figure 12 shows the relation- 
data. The framing error bit is set when the RDRF bit is set. Subse- ship of IRQ and RxD when a framing error occurs. 
quent data words are tested separately, so the status bit always 


STOP STOP START STOP STOP START 
1 2 / 1 2 / 
RxD [> [777] у 
(ЕХРЕСТЕО) в, (в, (в, (в, (в.в, | Be |" [eL 
STOP  srop START STOP | STOP START 


mo EA 155 ET 


| 
= LM ШО 


NOTES: 1. FRAMING ERROR DOES NOT MISSING 
INHIBIT RECEIVER DPERATION. sree PROCESSOR 
BIT INTERRUPT, 
2. IF NEXT DATA WORD 1$ OK, FRAMING 
FRAMING ERROR 1$ CLEARED. ERROR 
BIT SET 
Figure 12. Framing Error 
TRANSMIT BREAK CHARACTER 
A Break may be transmitted by storing а value of $00 in the IER. transmission may resume. At least one full word time of Break 
After storing zero in the IER the Break is transmitted immediately. will be sent regardless of the length of time between starting and 
Care should be exercised so that a character in transmission is stopping the Break character. Figure 13 shows the relationship 
not disturbed inadvertently. The Break level lasts until other than of IRQ and TxD for a Transmit Break character. 


$00 is stored in the IER at which time a stop bit is sent and 


» | ДЈ] (О Три ызы Ге РГТ АПУ] 


STOP | START STOP ; START STOP START STOP [ТАЯТ 


га | ТО S PERIOD DURING 
| | WHICH PROCESSOR M t 
<= SELECTS POINT AT WHICH 


CONTINUOUS PROCESSOR 
PROCESSOR 
“BREAK” МОРЕ SELECTS INTERRUPT 
NORMAL NORMAL TO LOAD 
INTERRUPT TRANSMIT TRANSMIT 
MODE DATA 


Figure 13. Transmit Break Character 
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RECEIVE BREAK CHARACTER 


In the event that a Break character is received by the receiver, 
the Break bit is set. The receiver does not set the ВОВЕ bit and 
remains in this state until a stop bit is received. At this time the 
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next character is to be received normally. Figure 14 shows the 
relationship of IRQ and RxD for a Receive Break Character. 


= TN CONTINUOUS “BREAK” STOP 
мо [в] [ГР] le ee a а) CD PRICES 
5тоР ЅТАВТ ЕЭ sToP| START << sToP | START 
іна ET 
си 
| = “ы NO INTERRUPT | 
SINCE RECEIVER. 
PROCESSOR NORMAL 
INTERRUPT processor [NTERRUPTS DISABLED UNTIL RECEIVER 
FOR INTERRUPT FIRST STOP BIT INTERRUPT 
RECEIVER WITH BREAK AND FRAMING ERROR BIT SET. 
DATA REGISTER EVEN PARITY CHECK WILL ALSO GIVE A PARITY 
FULL ERROR BECAUSE ALL ZEROS (CONTINUOUS 


BREAK) REPRESENT EVEN PARITY. 


Figure 14. Receive Break Character 


AUTOMATIC ADDRESS RECOGNITION 


The DACIA offers a unique solution to the standard problem 
associated with multi-drop environment UARTs and communica- 
tion interface controllers. In the standard configuration used by 
other devices, the slave CPU must be constantly interrupted to 
analyze incoming characters on the communications net to deter- 
mine if an address word is present and if so, does that address 
match the address assigned to the slave UART. This CPU inter- 
rupt scheine can become intolerable in very large multi-drop net- 
works because every slave on the communications net must 
“wake-up” it’s CPU for every character sent down the network 
by the master. The end resultis that the CPUs on the communica- 
tions net are constantly being interrupted for the mundane task 
of address recognition. 
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To avoid this constant CPU interrupt problem, the DACIA has 
been designed to do address comparison and recognition inter- 
nally without the need for CPU intervention. Therefore, the slave 
CPU is not interrupted until the DACIA nas determined that the 
character sent over the communications net by the master was 
an address and the address matched the address stored in the 
DACIA Compare Register. At this point the DACIA interrupts the 
CPU, goes out of Compare Mode, and receives the string of 
characters being transmitted by the master, (i.e., the data 
characters). When all data has been received by the slave, it's 
CPU mustagain write the slave address into the DACIA Compare 
Register which automatically puts it back into the Compare Mode, 
waiting for another address character. 
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GENERATION OF NON-STANDARD BAUD RATES 


Divisors 


The internal counter/divider circuit selects the appropriate divisor 
for the crystal frequency by means of bits 0-3 of the CFR Control 
Register, as shown in Table 4. 


Generating Other Baud Rates 


By using a different crystal, other baud rates may be generated. 
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These can be determined by: 


Baud Rate = Crystal Frequency 

Divisor 
Furthermore, it is possible to drive the DACIA with an off-chip 
oscillator to achieve other baud rates. In this case, XTALI (pin 3) 
must be the clock input and XTALO (pin 4) must be a nonconnect. 


Table 4. Divisor Selection 


Control 
Register Divisor Selected Baud Rate Generated Baud Rate Generated 
| Виз For The With 3.6864 MHz With a Crystal 
| 3 2 1 0 Internal Counter Crystai of Frequency (f) 

0 0 0 0 73,728 (3.6864 х 10%)/73,728 = 50 | __#73,728 
0 0 0 1 33,538 (3.6864 x 10°)/33,538 = 109.92 | _ £133,538 
0 0 1 0 27,408 (3.6864 x 10%/27,408 = 134.58 _ {127,408 
0 0 1 1 24,576 (3.6864 x 10%/24,576 = 150 І 2 124,576 
0 1 0 0 12,288 (3.6864 х 10%/12,288 - 300 | #12,288 
0 1 0 1 “6,144 (3.6864 x 10%/6,144 = 600 | | 16,144 
0 1 1 0 3,072 (3.6864 x 10%/3,072 = 1,200 | __ 13,072 
0 1 1 1 2,048 | (8.6864 x 10%/2,048 = 1,800 | _ 02,048 
1 0 0 0 1,536 | (3.6864 х 10°)/1,536 = 2,400 | __ 11,536 
1 0 0 1 “1,024 {3.6864 x 10°)/1,024 = 3,600 Р #1,024 
1 0 1 0 | 768 (3.6864 x 10°)/768 = 4,800 | | #768 
1 0 1 1 512 (3.6864 x 10%)/512 = 7,200 И 512 
1 1 0 0 384 | (3.6864 x 10%/384 = 9,600 || __ 1384 
1 1 0 1 192 (3.6864 x 10%/192 = 19,200 T 7192 
1 1 1 0 96 (3.6864 x 10%/96 = 38,400 | _ #96 
1 1 1 1 16 TxC/16 = Baud Rate ог ВхС/16 = Baud Rate 
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Е-------% CLOCK PULSES — ——À4 


INTERNAL 
+ 16 
RxS 


(мен | DATA (mu — ОХ 


(Т) TRANSFER DATA TO SHIFT REGISTER 


Figure 15. DACIA Externai Ciock Timing — Receive Data 


= 16 cLock PULSES ——— — —— —————4| 


INTERNAL 
+ 16 
TcO 


Figure 16. DACIA External Clock Timing — Transmit Data 
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AC CHARACTERISTICS 
(Voc = 5.0У +5%, Vss = OV, ТА = T, to Tn) 


READ/WRITE TIMING 


2 MHz 4 MHz 
Characteristic Symboi Min Max Min Max Unit 
RAW, RSO-RS2 Valid to CS Low 
(Setup Time) twe о - о - ns 
CS Low to R/W, RSO-RS2 
(Hold Time) .. Юн d 65 == 65 | = ns 
CS Low to Data Valid (сру 8. - 100 - 100 ns 
CS High to Data Invalid 
(Нога Time) tepz - 1 10 - 10 ns 
Data Valid to CS High усн 20 20 ns 
Note: 


1. All times are in nanoseconds. 


отоо 
SoS) 


25966565650 
0500900000000 55555050 


RSO-RS2 552525050506 |65555 
525525060060) 552525250505; 
55050500509 К 
R/W 
| — two town —| 
cs 
(оу icpz >| 
00-07 
DATA OUT 
DACIA Read Cycle Waveforms 
POO OC OOO OO: SS SI SOS LOL SS 
55555 4 отте 
555 550505050560», 
60404020 000 0 0.0. 
RSO-RS2 00000 
ОКК Я RRR LRK LRL 
R/W 
А 
cs 
toven — tepz — 


Do-D7 | 


DATA IN \ 


DACIA Write Cycle Waveforms 
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TRANSMIT/RECEIVE TIMING 


Г Characteristic Symboi 
Transmit/Receive Clock Rate ссу 
Transmit/Receive Clock High Time tou 
Transmit/Receive Clock Low Time top 100 - ns 
XTALI to TxD Propagation Delay 155 
ХТАЦ to IRQ Propagation Delay toi 
| CTS, DCD, DSR to IRQ істі 
ÍRQ Propagation Delay (Clear) tira 
HTS ATO | 
RTS, DTR Propagation Delay tory == 150 ns 
Note: 
1. All times are in nanoseconds. 


XTALI а 
tou 
tecy 
top 
TRO 
tpi 
CTS, DCD, ( 
DSR 
teni tina 
cs 
Ку 

RTS, ОТА 


ОАСЛА Transmit/Receive Timing 
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ABSOLUTE MAXIMUM RATINGS" 


Parameter Symbol Value Unit 
Supply Voltage Vec -0.3 to +7.0 Мас 
Input Voltage Vin — 0.310 Veg +0.3 | Мас 
Output Voltage Vout -0.3 to Мес +0.3 | Мас 
| Operating Temperature Ta °С 
Commercial Oto +70 
Industrial —40 to +85 
Storage Temperature Тете – 55 to + 150 °c 
OPERATING CONDITIONS 
Parameter Symbol Value 
Supply Voltage Vec 5V + 5% 
Temperature Range Ta 
Commercial 09 to 70°C 
Industrial —40?C to +85°С 
DC CHARACTERISTICS 


"NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


(Vec = 5.0 V +5%, Vss = OV, ТА = T, to Ту, unless otherwise noted) 


Characterlstic Symbol | Min Typ Max Unit Test Conditions 

Input High Voltage Vin У 

Except ХТАЦ and XTALO | «20 - Усс + 0.3 | 

ХТАН and XTALO i 42.4 - Vec + 0.3 

+ И 

Input Low Voltage Vit M 

Except XTALI and XTALO | -03 — +0.8 

ХТАЦ and XTALO 22-03 - +0.4 
Input Leakage Current u ln 10 771 ҺА Vin = OV Усс 

RW, RES, RSO, RS1, RS2, RxD, CTS, DCD, DSR, RxC, — 50 Vec = 5.25V 

TxC, CS 

{ — - 

Input Leakage Current for Three-State ОН та Vin = 0.4V to 2.4V 

00-07 — +2 10 pA Voc = 5.25V 
Output High Voltage Von +2.4 - — [| Vv уо 475v 

00-07, TxD, CLK OUT, RTS, DTR 1.5 - - одр = —100 pA 
Output Low Voltage VoL — — *0.4 M Усс = 4.75У 

00-07, TxD, CLK OUT, RTS, DTR олар = 1.6 ПА 
Output Leakage Current (ОН State) lorr Усс = 5.25V 

а - %2 +10 ҺА Vour = Oto 2.4V 
Power Dissipation Pp — 10 mW/MHz 
input Capacitance Си Усс = 5.0V 

Except ХТАЦ and XTALO — - 5 рЕ Vin = OV 

XTALI and XTALO — — 10 pF f = 2 MHz 

- T^ ТА = 25°C 

Output Capacitance Cour - — 10 pF 


Notes: 


1. All units are direct current (dc) except for capacitance. 
2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. Typical values are shown for Усс = 5.0V and T4 = 25?C. 
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PACKAGE DIMENSIONS 


- 


40-РІМ CERAMIC DIP 


— 


F _ И 
Г ПН | 


46-РІМ PLASTIC DIP 
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MICRO FLOPPY DISK 
CONTROLLER (MFDC) 


R6265 


R6265 


PRELIMINARY 


DESCRIPTION 


The R6265 Micro Floppy Disk Controller (MFDC) interfaces up 
to four Sony microfloppy and floppy disk drives to an 8-bit or 16-bit 
microprocessor-based system including 7-80, 8080A, 8085A, 
8086, and 8088. The MFDC simplifies the system design by 
minimizing both the number of external hatdware components 
and software steps needed to implement the floppy disk drive 
(FDD) interface. Control signals supplied by the MFDC reduce 
the number of components required in external phase locked loop 
and write precompensation circuitry. Memory-mapped registers 
containing commands, status and data simplify the software inter- 
face. Built-in functions reduce the software overhead needed to 
control the FDD interface. The MFDC provides full compatibility 
with the single- and doubie-density formats recommended by 
Sony Corporation as well as the ability to read the IBM 3740 
single-density (FM) and iBM System 34 double-density (MFM) 
formats. 


The MFDC interfaces directly to the synchronous microproces- 
Sor bus and operates with 8-bit byte length data transferred on 
the bus in either DMA or non-DMA mode. In DMA mode, the CPU 
need only load the command into the MFDC and ail data transfers 
occur under DMA control. The R6265 is directly compatible with 
the Z8410/4PD8257 Direct Memory Access Controller (DMAC). 
In non-DMA mode, the MFDC generates an interrupt to the CPU 
indicating that a byte of data is available. 


Controller commands, command or device status, and data are 
transferred between the MFDC and the CPU via six internal 
registers. The Main Status Register (MSR) stores the MFDC status 
information while four additional status registers provide гесин 
information to the CPU following each controller command. The 
Data Register (DR) stores actual disk data, parameters, controller 
commands and FDD status information for use by the CPU. 


The R6265 executes 15 separate multi-byte commands: 


Read Data Specify 

Write Data Format a Track 

Read Deleted Data Scan Equal 

Write Deleted Data Scan High or Equal 
Read a Track Scan Low or Equal 
Read ID Sense Interrupt Status 
Seek Sense Drive Status 
Recalibrate (Restore to Track 0) 


Document No. 29651N77 


FEATURES 


* Address mark detection circuitry 
* Software control of 

--Тгаск stepping rate 

—Head load time 

—hHead unload time 


* Compatible with Sony recommended format in both single-and 
double-density recording forrnats 

* Reads standard IBM formats 

* Reads and writes in same format as МЕС „РО7265 for Sony 
microfloppy and floppy disk drives 


* Programmable data record lengths: 128, 256, 512 or 1024 
bytes/sector 


* Multi-sector and multi-track transfer capability 
* Controls up to four floppy disk drives 


* Data scan capability—will scan a single sector or an entire 
track of data fields, comparing on a byte-by-byte basis, data 
in the processor's memory with data read from the disk 

* Data transfers in DMA or non-DMA mode 

* Parallel seek operations on up to four drives 

* Directly compatible with an 8-bit or 16-bit synchronous 
microprocessor bus including 2-80/8080А/8085А, 8086, and 
8088 


е Alternative to NEC „РО7265 

* Pin, software, and electrically compatible with the R6265 
* Single phase 8 MHz Clock 

* Single +5 Volt Power Supply 


ORDERING INFORMATION 


Part Number CLK Frequency Temperature Range 
R6265 8 MHz 0°C to 70°C 
Package: 
С = Ceramic 
P = Plastic 


Product Description Order No. 2174 
March 1984 


R6265 Micro Floppy Disk Controlier (MFDC) 
ROW | 
00-07 RDD 
= veo 
WCK FDD 
SERIAL 
ASYNCHRONOUS WDA DATA 
BUS -— WE INTERFACE 
INTERFACE 
5 PSO-PS1 
А0 
vus RDY 
= в IDX 
= МЕРС WPITS 
WR 
FLT/TRKO 
LCT/DIR 
BACK FR/STP 
НЕ Te RW/SEEK FDD 
DRQ HDL STATUS 
INTERFACE 
HD 
CLK uso 
Усс 051 
GND MFM 
Figure 1. MFDC input and Output Signais 


PIN DESCRIPTION 


Throughout this document signals are presented using the terms 
active and inactive, or asserted and negated, independent of 
whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. 


BUS INTERFACE 


D0-D7—Data Lines. The bidirectional data lines transfer data 
between the MFDC and the 8-bit data bus. 


CLK—CLOCK. The clock is a TTL compatible 8 MHz square 
wave signal. 


RST—RESET. This active high input places the MFDC in the 
idle state and resets the output lines to the floppy disk drive 
(FDD) to the low state. 


CS—Chip Select. The МЕРС is selected when the CS input 
is low. 


A0—Data/Status Register Select. This input selects the Data 
or Status Register for reading from or writing to. When А0 = 
high, the Data Register is selected and the state of RD or WR 
determines whether it is a read (RD = low)or a write (WR = low) 
operation. When AO = low, the Status Register is selected. This 
register may only be read (RD = low); the state WR = low is 
invalid when the Status Register is selected. 
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INT—iInterrupt Request. This active high output is the interrupt 
request generated by the MFDC to the CPU. INT is asserted upon 
completion of some MFDC commands and before a data byte 
is transferred between the MFDC and the data bus (in the Non- 
DMA mode). 


RD—Read. This active low input defines the data bus transfer 
as a read cycle. When low, the data transfer is from the MFDC 
to the data bus. 


WR—Write. This active low input defines the data bus transfer 
as a write cycle. When low, the data transfer is from the data bus 
to the MFDC. 


DIRECT MEMORY ACCESS CONTROLLER 
(DMAC) INTERFACE 


DACK-—DMA Acknowledge. The DMA transfer acknowledge 
signal is a TTL compatible input generated by the DMA controller 
(DMAC) controlling the MFDC. The DMA cycle is active when 
DACK is low and the MFDC is performing a DMA transfer. 


DRQ—Data DMA Request. The transfer request signal is a TTL 
compatible output generated by the MFDC to request a data 
transfer operation under control of the DMAC (in the DMA mode). 
The request is active when DRQ = high. The signal is reset 
inactive when DMA Acknowledge (DACK) is asserted (low). 
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TC—Terminal Count. This input signal is issued to the МЕРС 
when the DMA transfer for a channel is complete. The signal 
is active high concurrent with the DACK input when the DMA 
Operation is complete as a result of that transfer. 


FDD SERIAL DATA INTERFACE 


RDD—Read Data. Read Data input from the floppy disk drive 
(FDD) containing clock and data bits. 


RDW—Read Data Window. Data Window input generated by 
the Phase Locked Loop (PLL) and used to sample data from 
the FDD. 


VCO—Variable Frequency Oscillator Sync. This output signal 
inhibits the VCO in the PLL circuit when low and enables the 
VCO in the PLL circuit when high. This inhibits RDD and RDW 
from being generated until valid data is detected from the FDD. 


WCK—Write Clock. This input clock determines the Write Data 
rate to the FDD. The data rate is 500 KHz in the FM mode (MFM 
= low) and 1 MHz in the MFM mode (MFM = high). The pulse 
width is 250 ns (typical) in both modes. 


WDA—Write Data. Serial write data output to the РОБ contain- 
ing both clock and data bits. 


WE-— Write Enable. This output signal enables the Write Data 
into the FDD when high. 


Р$0-Р$1—Ртез М. These outputs are encoded to convey write 
compensation status during the MFM mode ta determine early, 
late or normal times as follows: 


Preshift Outputs 


Write Precompensation Status PSO PS1 
Normal 0 
Late 0 
Еапу 1 
Invalid 1 


0 = Low, 1 = High 


FDD STATUS INTERFACE 


RDY —Ready. An active high input signal indicates the FDD is 
ready to send data to, or receive data from, the MFDC. 


ІрХ--іпдех. An active high input signal from the FDD indicates 
the index hole is under the index sensor. Index is used to syn- 
chronize MFDC timing. 


RW/SEEK—Read Write/Seek. Mode selection signal to the FDD 
which controls the multiplexer from the multiplexed signals. 
When RW/SEEK is low, the Read/Write mode is commanded; 
when RW/SEEK is high, the Seek mode is commanded. 


| RW/SEEK | Моде Active FDD interface Signals 
[tow | ReadWrte | WP, FLT, LCT, FR 
| н | Seek TS, ТАКО. DIR, STP 
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WP/TS—Write Protect/Two Side. An active high multiplexed 
input signal frorn the FDD. In the Read/Write mode, WP/TS high 
indicates the media is write-protected. In the Seek mode, WP/TS 
high indicates the media is two-sided. 


FLT/TRKO—Fault/Track Zero. An active high multiplexed input 
from the FDD. In the Read/Write mode (RW/SEEK = low), 
FLT/TRKO high indicates an РОО fault. In the Seek mode, 
FLT/TRKO high indicates that the read/write head is positioned 
Over track zero. 


LCT/DIR—Low Current/Direction. A multiplexed output to the 
FDD. In the Read/Write mode, LCT/DIR is low when the read/write 
head is to be positioned over the inner tracks and the LCT/DIR 
is high when the head is to be positioned cver the outer tracks. 
In the Seek mode, LCT/DIR controls the head direction. When 
LCT/DIR is high, the head steps to the outside of the disk; when 
LCT/DIR is low, the head steps to the inside of the disk. 


FR/STP—Fault Reset/Step. A multiplexed output to the FDD. 
In the Read/Write mode, FR/STP high resets the fault indicator 
in the FDD. An FR pulse is issued at the beginning of each read 
or write command prior to issuing HDL. In the Seek mode, 
FR/STP provides the step pulses to move the read/write head 
to another track in the direction indicated by the LCT/DIR signal. 


HDL— Head Load. An active high output to notify the FDD that 
the read/write head should be loaded (placed in contact with the 
media). A low level indicates the head should be unloaded. 


RST 1 vcc 
RD 2 RW/SEEK 
WR 3 LCT/DIR 
cs 4 FR/STP 
AO 5 HDL 
DO 6 RDY 
Di 7 WP/TS 
D2 8 FLT/TRKO 
D3 9 PSO 
D4 PS1 
D5 WDA 
06 uso 
р? ust 
DRQ HD 
РАСК МЕМ 
тс WE 
IDX мсо 
INT HDD 
CLK RDW 
GND WCK 


R6265 DDFDC Pin Diagram 


R6265 


Micro Floppy Disk Controller (MFDC) 


НО—Неад Select. An output to the FDD to select the proper 
read/write head. Head One is selected when HD = high and 
Head Zero is selected when HD = low. 


USO-US1—Unit Select. Output signals for floppy disk drive 
selection as follows: 


Unit Select 


Floppy Disk 
Drive Seiect 


0 


1 
2 
3 


0 = Low, 1 = High | 


МЕМ—МЕМ Mode. Output signal to the FDD to indicate MFM 
or FM mode. Selects the MFM mode when MFM = high and 
the FM mode when MFM = low. 

VCC—Power. +5V dc. 


GND—Ground (Vss). 


MFDC REGISTERS 


The MFDC contains six registers which may be accessed by 
the processor ог DMA controller via the system (i.e., micro- 
processor) bus: a Main Status Register, a Data Register, and 
four Result Status Registers. The 8-bit Main Status Register 
(MSR) contains the status information of the MFDC, and may 
be accessed at any time. The 8-bit Data Register, consisting of 
several registers in a stack with only one register presented to 
the data bus at a time, stores data, commands, parameters and 
РОО status information. Bytes of data are read out of, or written 
into, the Data Register in order to initiate a command or to obtain 
the results of a command execution. 


The read-only Main Status Register facilitates the transfer of data 
between the system and the MFDC. The other Status Registers 
(STO, ST1, ST2 and ST3) are only available during the result 
phase, and may be read only after completing a command. The 
particular command which has been executed determines how 
many of the Status Registers will be read. 


ио 


-l umana 
0007 BUFFERS 
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WR 
cs 
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CLK ----ы- 


vece ——- 
ем —— и 
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LCT/DIR 
FR/STP 
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Figure 2. R6265 MFDC Block Diagram 
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The relationship between the status/data registers and the WR, 
RD and А0 signals is shown below. 


А0 RD WR | Functon 
0 0 0 Illegal 
0 0 1 Read Мат Status Register 
о 1 0 Illegal 
1 0 0 Illegal 
1 0 1 Read from Data Register 
1 1 0 Write into Data Register 
0 = Low, 1 = High 


Table 1 shows each of the status registers used by the MFDC 
and each bit assignment within the individual registers. Table 2 
defines the symbols used throughout the command definitions. 
Each register bit symbol is defined in the register descriptions 
that follow Table 2. 


REGISTER DEFINITIONS 


Main Status Register (MSR) 


7 6 5 | 4 | 3 
ROM | DIO EXM | св | озв 


The Main Status Register (MSR) contains the status information 
of the MFDC, and must be read by the processor before each 
byte is written to, or read from, the Data Register during the com- 
mand or result phase. MSR reads are not required during the 
execution phase. The Data Input/Output (DIC) and Request for 
Master (RQM) bits in the MSR indicate when data is ready and 
in which direction data will be transferred on the data bus. The 
maximum time between the last RD or WR during command 
or result phases and the DIO and ROM getting set or reset is 
12 из. For this reason, every time the MSR is read the processor 
should wait 12 us. The maximum time from the trailing edge of 
the last RD in the result phase to when bit 4 (MFDC Busy) goes 
low is also 12 us. 


2 | ШИЕ 
028 | отв | сов | 


The DiO and ROM timing chart is shown in Figure 3. 


MSR 
7 RQM -—Request for Master. 
0 Data Register is not ready. 
1 Data Register is ready. 


Data transfer is from system to the Data Register. 


$ 

6 DIO —Data Input/Output. 

0 

1 Data transfer is Кот Data Register to the system. 


Execution phase ended, result phase begun. 


S 
5 ЕХМ  —Execution Mode. (Non-DMA mode only). 
0 
1 Execution phase started. 


МЕРС is not busy, will accept a command. 


S 

4 CB —Controller (MFDC) Busy. 

0 

1 МЕРС is busy, will not accept a command. 
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MSR 


3 D3B  --Floppy Disk Drive (FDD) 3 Busy. 


0 РОО 3 is not busy, MFDC will accept read or write 
command. 
1 FDD 3 is busy, MFDC will not accept read or write 
command. 
MSR 
2 028  --FDD 2 Busy. 
0 FDD 2 is not busy, MFDC will accept read or write 
command. 
1 FDD 2 is busy, MFDC will not accept read or write 
command. 
MSR 
1 DIB  --FDD 1 Busy. 
0 FDD 1 is not busy, MFDC will accept read or write 
command. 
1 FDD 1 is busy, MFDC will not accept read or write 
command. 
MSR 
0 DOB  --FDD 0 Busy. 
0 FDD 0 is not busy, MFDC will accept read or write 
Command. 
1 FDD 0 is busy, MFDC will not accept read or write 
command. 
Status Register 0 (STO) 
7 ] e | 5 [4 3 2 |1 о | 
US 
Ic SE EC NR HD 
051 050 


The Status Register 0 (STO) as well as the other status registers 
(ST1-ST3), are available only during the result phase, and may 
be read only after completing a command. The particular com- 
mand executed determines which status registers are used and 
may be read. 


STO 

7 6 IC —Interrupt Code. 

0 0 Normal Termination (NT). Command was properly exe- 
cuted and completed. 

01 Abnormal Termination (AT). Command execution was 
Started, but was not successfuily completed. 

10 invalid Command (IC). Received command was invalid. 

1 1 Abnormal Termination (AT). The Ready (АБУ) signal 
from the FDD changed state during command 
execution. 

STO 


5 SE —беек End. 
0 Seek command is not completed. 
1 Seek command completed by MFDC. 


STO 
4 EC --Equipment Check. 
0 No error. 
1 Either a fault signal is received from the FDD or the track 
0 signal failed to occur after 256 step pulses (Recalibrate 
Command). 


R6265 | Micro Floppy Disk Controller (MFDC) 
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Table 1. МЕОС Status Register Bit Assignments 


Bit Number _ 
7 6 5 4 3 
Main Status Register (MSR) | вом | оо өм | cB | роз и 
m Г Г 
Status Register 0 (STO) с ЗЕ ЕС NR 
+ { 
Status Register 1 (ST1) EN 0 ‚ DE OR 0 
Status Register 2 (572) 0 см DD wr | зн 
ГЕ Г “г EE 
Status Register 3 (ST3) FLT WP RDY TRKO TS 
Table 2. Command Symbol Description 
Symboi Name Description 

A0 Address Line AO Controls selection of Main Status Register (AO = low) or Data Register (AO = high). 

D Data The data pattern which is going to be written into a sector. 

00-07 Data Bus 8-bit data bus, where 00 is the least significant data line and D7 is the most significant data line. 

DTL Data Length | When М is defined as 00, DTL is the number of data bytes to read from or write into the sector. 

EOT T End of Track The final sector number on a track. During read or write operation, the DDFDC stops data transfer 
after reading from or writing to the sector equal to EOT. 

GPL Gap Length The length of Gap 3. During read/write commands this value determines the number of bytes that the 
VCO will stay low after two CRC bytes. During the Format а Track command it determines the size of 
Gap 3. 

H Head Address | Head number 0 or 1, as specified in ID field. 

HD (H) Head A selected head number 0 or 1 which controls the polarity of pin 27. (H = HD in all command words). 

HLT Head Load Time The head load time in the FDD (2 to 254 ms in 2 ms increments). 

HUT Head Unload Time The head unload time after a read or write operation has occurred (16 to 240 ms in 16 ms increments). 

| МЕ | ЕМ ог МЕМ Моде When МЕ = 0, FM mode is selected; and when МЕ = 1, MFM mode is selected. 

MT Multi-Track When MT = 1, a multi-track operation is to be performed. After finishing a read/write operation on side 
0, the DDFDC will automatically start searching for sector 1 on side 1. 

N Bytes/Sector The number of data bytes written in a sector. 

ND Non-DMA Mode When ND = 1, operation is in the Non-DMA mode; when ND = 0, operation is in the DMA mode. 

NTN oL New Track Number A new track number, which will be reached as a result of the Seek command. Desired head position. 

PTN | Present Track Number The track number at the completion of Sense Interrupt Status command. Present head position. 

R Record (Sector) The sector number to be read or written. 

ВАМ Read/Write Either read (R) or write (W) signal. 

ST Sectors/Track The number of sectors per track. 

SK | Skip Skip Deleted Data Address Mark. 

SRT Step Rate Time The stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate applies to all drives 
(Е = 1 ms, E = 2 ms, etc.) 

STO Status 0 Four registers which store the status information after a command has been executed. This information 

ST1 Status 1 is available during the result phase after command execution. These registers should not be confused 

ST2 Status 2 with the Main Status Register (selected by AO = low). STO-ST3 may be read only after a command has 

ST3 Status 3 been executed and contain information relevant to that particular command. 

STP Sector Test Process During a Scan command, if STP = 01, the data in contiguous sectors is compared byte by byte with data 
sent from the processor (ог DMA controller); and if STP = 02, then alternate sectors are read and 
compared. 

T Track Number The current/selected track number of the medium (0—255). 

- - ——] 

080,081 [ uni Select d A selected drive number (0-3). 
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FDD is ready. 

FDD is not ready at issue of read or write command. 
If a read or write command is issued to side 1 of a single- 
sided drive, this bit is also set. 


T 
3 NR —Not Ready. 
0 
1 


Head Select 0. 


T 
2 HD —Head Address. (At Interrupt). 
0 
1 Head Select 1. 


US —Unit Select. (At Interrupt). 
FDD 0 selected. 
РОО 1 selected. 
РОО 2 selected. 
FDD 3 selected. 


-о-ое® 


Status Register 1 (571) 


7 6 5 DR MINCE 0 

EN 0 DE OR | о | № NW | MA 
STi 

7 EN —End of Track. 

0 No error. 

1 MFDC attempted to access a sector beyond the last 

sector of a track. 

ST! 

6 — №1 Used. Always Zero. 
ST1 

5 DE —Data Error. 

0 No error. 

1 MFDC detected a CRC error in ID field or the Data field. 
ST! 

4 OR —Over Run. 

0 No error. 

1 MFDC was not serviced by the system during data 

transfers, within a predetermined time interval. 

ST! 

3 —Not Used. Always Zero. 
ST1 

2 ND —No Data. 

0 No error. 

1 3 possible errors. 


1. MFDC cannot find sector specified in ID Register 
during execution of Read Data, Write Deleted Data 
or Scan commands. 


2. MFDC cannot read ID field without an error during 
Read ID command. 


3. MFDC cannot find starting sector during execution of 
Read a Track command. 
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ST1 
1 NW  -—Not Writable. 
0 No error. 
1 MFDC detected a write protect signal from FDD during 
execution of Write Data, Write Deleted Data or Format 
a Track commands. 
ST1 
0 MA -—Missing Address Mark. 
0 No error. 
1 2 possible errors. 


1. MFDC cannot detect the ID Address Mark after 
encountering the index hole twice. 


2. MFDC cannot detect the Data Address Mark or 
Deleted Data Address Mark. The MD (Missing 
Address Mark in Data field) of Status Register 2 is 
also set. 


Status Register 2 (ST2) 


7 6 5 а [з 2 1 0 
0 1 CM DD WT SH SN BT MD 
ST2 
7 — Not Used. Always Zero. 
ST2 
6 CM — Control Mark. 
0 No error. 
1 MFDC encountered a sector which contained a Deleted 
Data Address Mark during execution of a Read Data, 
Read a Track, or Scan command, or which contained 
a Data Address Mark during execution of a Read Deleted 
Data command. 
ST2 
5 DD —Data Error in Data Field. 


0 No error. 
1 MFDC detected a CRC error in the Data field. 


ST2 

4 WT — Wrong Track. 

0 No error. 

1 Contents of T on the disk is different from that stored 

in IDR. Bit is related to ND (Bit 2) cf Status Register 1. 

ST2 

3 SH —Scan Equal Hit. 

0 No “equal” condition during a scan command. 

1 “Equal” condition satisfied during a scan command. 
512 

2 SN — Scan Not Satisfied. 

0 No error. 

1 MFDC cannot find a sector on the track which meets the 


scan command condition. 
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ST2 
1 BT —Bad Track. 
0 Мо еггог. 
1 Contents of T on the disk is different from that stored 
in the IDR and T = FF. Bit is related to ND (Bit 2) of 
Status Register 1. 
572 
0 MD — Missing Address Mark in Data Fieid. 


O No error. 
1 MFDC cannot find a Data Address Mark or Deleted Data 
Address Mark during a data read from the disk. 


Status Register 3 (ST3) 
7 6 5 4 3 2]1 0 
FLT | WP | apy | TRKo | TS | HD | USt | Uso 


Status Register 3 (ST3) holds the results of the Sense Drive Status 
command. 


ST3 
7 FLT —Fault. 
0 Fault (FLT) signal from the РОО is low. 
1 Fault (FLT) signal from the РОО is high. 


6 WP —Write Protect. 
0 Write Protect (WP) signal from the РОО is low. 


1 Write Protect (WP) signal from the FDD is high. 


ST3 

5 РОУ —Ready. 

0 Ready (RDY) signal from the RDD is low. 

1 Ready (RDY) signal from the FDD is high. 
ST3 

4 TRKO --Тгаск 0. 

0 Track 0 (ТАКО) signal from the РОО is low. 

1 Track 0 (ТАКО) signal is from the РОО is high. 
573 

3 TS —Two Side. 

0 Two Side (TS) signal from the РОО is low. 

1 Two Side (TS) signal from the РОО is high. 
ST3 


2 —Head Seiect. 
0 Head Select (HD) signal to the РОО is low. 
1 Head Select (HD) signal to the FDD is high. 


$73 
1 051 —Unit Seiect 1. 
0 Unit Select 1 (US1) signal to the FDD is low. 
1 Unit Select 1 (US1) signal to the FDD is high. 


ST3 

0 uso —Unit Select 0. 

0 Unit Select 0 (USO) signal to the FDD is low. 
1 Unit Select 0 (US1) signal to the РОО is high. 
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COMMAND SEQUENCE 


The MFDC is capable of performing 15 different commands. Each 
command is initiated by a multi-byte transfer of data from the 
system. After command execution, the result of the command may 
be a multi-byte transfer of data back to the system. Because of 
this multi-byte transfer of information between the MFDC and the 
system, each command consists of three phases: 


Command Phase—The MFDC receives all information 
required to perform a particular operation from the system. 


Execution Phase—The MFDC performs the instructed 
operation. 


Result Phase—After completion of the operation, status and 
other housekeeping information are made available to the system. 


The bytes of data sent to the MFDC to form a command, and 
read out of the MFDC in the result phase, must occur in the order 
shown for each command sequence. That is, the command code 
byte must be sent first followed by the other bytes in the specified 
sequence. All command bytes must be written and all result bytes 
must be read in each phase. After the last byte of data in the 
command phase is received by the MFDC, the execution phase 
starts. Similarly, when the last byte of data is read out in the result 
phase, the command is ended and the MFDC is ready to accept 
a new command. А command can be terminated by asserting 
the Terminal Count (TC) signal to the MFDC. This ensures that 
the processor can always get the MFDC's attention even if the 
command in process hangs up in an abnormal manner. 


COMMAND DESCRIPTION 


READ DATA 


А command set of nine bytes places the MFDC into the Read 
Data mode. After the Read Data command has been received 
the MFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the Specify command), then begins 
reading ID Address Marks and ID fields from the disk. When the 
current sector number (R) stored in the ID Register (IDR) matches 
the sector number read from the disk, the MFDC transfers data 
from the disk Data field to the data bus. 


After completion of the read operation from the current sector, 
the MFDC increments the Sector Number (R) by one, and the 
data from the next sector is read and output to the data bus. This 
continuous read function is called a “Multi-Sector Read Opera- 
tion." The Read Command terminates after reading the last data 
byte from sector R when R = EOT. STO bits 7 and 6 are set to 
0 and 1, respectively, and ST1 bit 7 (EN) is set to a 1. 


The Read Data command can also be terminated by a high 
Terminal Count (TC) signal. TC should be issued at the same 
time that the DACK for the last byte of data is sent. Upon receipt 
of TC, the MFDC stops outputting data to the data bus, but con- 
tinues to read data from the current sector, checks CRC (Cyclic 
Redundancy Count) bytes, and then at the end of that sector ter- 
minates the Read Data command and sets bits 7 and 6 in STO 
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to 0. The amount of data which can be handled with a single 
command to the MFDC depends upon MT (Multi-Track), MF 
(MFM/FM), and N (Number of Bytes/Sector) values. Table 3 
shows the transfer capacity. 


The multi-track function (MT) allows the МЕОС to read data from 
both sides of the disk. For a particular track, data is transferred 
starting at sector 1, side 0 and completed at sector |, side 1 
(sector L = last sector on the side). This function pertains to 
only one track (the same track) on each side of the disk. 


When N « 0 in command byte 6 (FM mode), the Data Length 
(DTL) in command byte 9 defines the data length that the MFDC 
must treat as a sector. If DTL is smaller than the actual data 
length in a sector, the data beyond the DTL is not sent to the 
data bus. The MFDC reads (internally) the complete sector, 
performs the CRC check, and depending upon the manner of 
command termination, may perform а multi-sector Read opera- 
tion. When М is non-zero (MFM mode), DTL. has no meaning 
and should be set to FF. 


At the completion of the Read Data command, the head is not 
unloaded until the Head Unload Time (HUT) interval defined in 
the Specify command has elapsed. The head settling time may 
be avoided between subsequent reads if the processor issues 
another command before the head unloads. This time savings 
is considerable when disk contents are copied from one drive 
to another. 


If the MFDC detects the Index Hole twice in succession without 
finding the right sector (indicated in R), then the MFDC sets the 
No Data (ND) flag in Status Register 1 (ST1) to a 1, sets Status 
Register 0 (STO) bits 7 and 6 to 0 and 1, respectively, and 
terminates the Read Data command. 


After reading the ID and Data fields in each sector, the MFDC 
checks the CRC bytes. If a read error is detected (incorrect CRC 
in ID field), the MFDC sets the Data Error (DE) flag in ST1 to 
a 1, sets the Data Error in Data Field (DD) flag in ST2 to a 1 
if a CRC error occurs in the Data field, sets bits 7 and 6 in STO 
to 0 and 1, respectively, and terminates the command. 
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If the MFDC reads a Deleted Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit in the first com- 
mand byte is not set (SK = 0), then the MFDC reads all the data 
in the sector, sets the Control Mark (CM) flag in ST2 to a 1, and 
terminates the command. If SK = 1, the MFDC skips the sector 
with the Deleted Data Address Mark and reads the next sector. 
The CRC bits in the deleted data field are not checked when 
SK = 1. 


During disk data transfers from the МЕОС to the system, the 
MFDC must be serviced by the system within 27 us in the FM 
mode, and within 13 us in the MFM mode, otherwise the MFDC 
sets the Over Run (OR) flag in ST1 to a 1, sets bits 7 and 6 in 
STO to 0 and 1, respectively, and terminates the command. 


If the processor terminates a read (or write) operation in the 
MFDC, then the ID information in the result phase is dependent 
upon the state of the MT bit in the first соттапа byte and the 
End of Track (EOT) byte. Table 4 shows the values for Track 
Number (T), Head Number (H), Sector Number (R), and Number 
of Data Bytes/Sector (N), when the processor terminates the 
command. 


Command Phase: 


ПТ 


R/W BYTE 7 6 514 3 2 1 0 
w |: [w|w|sk|ole| i * | o 

2 | x | x х |х |х | ној ust | uso 

3 Track Number (T) | 

4 Неад Number (H) 

| 5 Sector Number (R) 

6 | Number of Data Bytes per Sector (N) 

7 | End of Track (EOD — 

в | Gap Length (GPL) 

9 Data Length (DTL) 


Table 3. МЕОС Transfer Capacity 


Multi-Track MFM/FM Bytes/Sector Maximum Transfer Capacity » Final Sector Read* 
(МТ) (МР) (М) (Bytes/Sector) (Number of Sectors) from Disk 
0 0 BE 00 (128) (16) = 2,048 16 at Side 0 
0 1 01 (256) (16) - 4,096 ІК or 16 at Side 1 
1 0 00 (128) (32) - 4,096 ~ А 
16 at Side 1 
1 1 | {m | (256) (32) = 8,192 | 
0 0 01 (256) (9) = 2,304 9 at Side 0 
0 1 02 (512) (9) = 4,608 or 9 at Side 1 
1 0 01 (256) (18) - 4,608 А 
1 1 02 (512) (18) = 9,216 э-а\ Sides! 
0 0 02 (512) (5) = 2,560 5 at Side 0 
0 1 03 (1024) (5) = 5,120 ог 5 at Side 1 
P У 
1 0 02 | (512) (10) = 5,120 | 
1 | 1 03 (1024) (10) = 10,240 8 ar idet 
*Note: Typical values are for Sony recommended format. 


2-296 


R6265 


Micro Floppy Disk Controller (MFDC) 


Tabie 4. MFDC Command Termination Vaiues 


1. NC (No Change): The same value as the one at the beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit of H is complemented. 


Command Phase ID Resuit Phase ID 
Multl- Head Final Sector Transferred Track Head Sector No. of 
Track Number to/from Data Виз Number Number Number Data Bytes 
(MT) (HD) (Т) (н) (А) (N) 
ме | r 1 
0 Less than ЕОТ NC NC R+1 NC 
І----- ---р- 
0 Equal to ЕОТ T+1 
0 b 1 Less than EOT NC 
1 Equal to EOT T+1 
M 0 Less than EOT ЖК! NC 
0 Equal to ЕОТ NC 
1 1 _| Less than ЕОТ NE NC at 
1 Equal to EOT T+1 LSB 01 J NC 
Notes: |] 


Result Phase: 
R 1 


Status Register 0 (STO) 

2 Status Register 1 (ST1) 

3 Status Register 2 (ST2) 

4 Track Number (T) 

5 Head Number (H) 

6 Sector Number (R) 

7 Number of Data Bytes per Sector (N) 


WRITE DATA 


Acommand set of nine bytes places the MFDC in the Write Data 
mode. After the Write Data command has been received the 
MFDC loads the head (if it is unloaded), waits the specified Head 
Settling Time (defined in the Specify command), then begins 
reading ID fields from the disk. When the four bytes (T, H, R, N) 
loaded during the command match the four bytes of the ID field 
from the disk, the MFDC transfers data from the data bus to the 
disk Data field. 


After writing data into the current sector, the MFDC increments 
the sector number (R) by one, and writes into the Data field in 
the next sector. The MFDC continues this multi-sector write 
operation until the last byte is written to sector R when R = EOT. 
STO bits 7 and 6 are set to 0 and 1, respectively, and ST1 bit 
7 (EN) is set to a 1. 


The command can also be terminated by a high on Terminal 
Count (TC). If TC is sent to the MFDC while writing into the 
current sector, then the remainder of the Data field is filled with 
00 (zeros). In this case, STO bits 7 and 6 are set to 0 and the 
command is terminated. 


The MFDC reads the ID field of each sector and checks the CRC 
bytes. If the MFDC detects a read error (incorrect CRC) in one 
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of the ID fields, it terminates the Write Data command, sets the 
DE flag in ST1 to a 1, and sets bits 7 and 6 in STO to 0 and 
1, respectively. 


The Write Data command operates in much the same manner 
as the Read Data command. Refer to the Read Data command 
for the handling of the following items: 


* Transfer Capacity 

* End of Track (EN) flag 

* No Data (ND) flag 

* Head Unload Time (HUT) interval 

• 10 information when the processor terminates command 
(see Table 4) 

* Definition of Data Length (DTL) when М = O and when М + 0 


In the Write Data mode, data transfers from the data bus to the 
MFDC must occur within 27 us in the FM mode, and within 13 us 
in the MFM mode. If the time interval between data transfers 
is longer than this, then the MFDC terminates the Write Data 
command, sets the Over Run (OR) flag in ST1 to a 1, and sets 
bits 7 and 6 in STO to 0 and 1, respectively. 


Command Phase: 


mw | BYTE ДК з | 
w ЈИ! ШЕ ADDE SERES 
| 2 | aca x 3 x | HD asi | us | 
3 | Track Number (Т) 
| 4 Head Number (H) | 
5 Sector Number (В) 
| 6 Number of Data Bytes per Sector (М) | 
7 End of Track (ЕОТ) 
8 | Gap Length (GPL) 1 
[ 9 a Data Length (DTL) Jj 
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Result Phase: 
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Command Phase: 


г 


R 1 | Status Register 0 (STO) _ mw |вуте | 7 | 6 База | а | о | 
EN 3 1 Е : 
2 Status Register 1 (ST1) Ww T 1 МТ | МЕ | SK | 0 | 1 1 0 0 
3 Status Register 2 (ST2) 2 Ixixixixix | HD | 081 | USO 
4 | Track Number (T) 3 Track Number (T) | 
4 1 БА 
5 Head Number (Н) 4 Head Number (H) 
6 4 Sector Number (А) 5 Sector Number (R) 4 
7 Number of Data Bytes рег Sector (М) 6 Number of Data Bytes per Sector (N) 
7 End of Track (ЕОТ) 
8 Gap Length (GPL) 
WRITE DELETED DATA | 9 Data Length (DTL) 
The Write Deleted Data command is the same as the Write Data 
command except a Deleted Data Address Mark is written at the 
beginning of the Data field instead of the normal Data Address Result Phase: 
Md = А 
Магк. R 1 Status Register 0 (STO) 
s 4% 3 
2 Status Register 1 (5Т1) 
Command Phase: 3 Status Register 2 (ST2) 
R/W | ВУТЕ | 7 i в |s аз 2 | | 0 4 | Track Number (T) 
w 1 | мт м] оо ој о | 1 5 | Head Number (Н) 
2 | x | x | x хх но | uss ] uso | 6 | Sector Number (А) 
3 Track Number (T) A 7 Number of Data Bytes per Sector (N) B 
4 Head Number (H) 
5 Sector Number (R) 
ч ВЕАО А ТВАСК 
6 Number of Data Bytes per Sector (М) 
7 1 End of Track (ЕОТ) : The Read a Track command is similar to the Read Data com- 
H 4 mand except that this is a continuous read operation where all 
8 Gap Length (GPL) Data fields from each of the sectors on a track are read and 
9 Data Length (DTL) transferred to the data bus. Immediately after encountering the 


Result Phase: 
R | 1 ] Status Register 0 (STO) 
Status Register 1 (ST1) 
Status Register 2 (ST2) 
T Track Number (T) 
| Head Number (Н) 


Sector Number (R) 


NEO] a) ом 


Number of Data Bytes per Sector(N) 


READ DELETED DATA 


The Read Deleted Data command is the same as the Read Data 
command except that if SK = 0 when the MFDC detects a Data 
Address Mark at the beginning of a Data field, it reads all the 
data in the sector and sets the CM flag in ST2 to a 1, and then 
terminates the command. If SK = 1, then the MFDC skips the 
sector with the Data Address Mark and reads the next sector. 
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Index Hole, the MFDC starts reading the Data fields as con- 
tinuous blocks of data. This cornmand terminates when the 
number of sectars read is equal to EOT. Multi-track operations 
are not allowed with this command. 


If the MFDC finds an error in the ID or Data CRC check bytes, 
it continues to read data from the track. The MFDC compares 
the ID information read from each sector with the value stored 
in the IDR, and sets the ND flag in ST1 to a 1 if there is no match. 


If the MFDC does not find an ID Address Mark on the disk after 
it encounters the Index Hole for the second time it terminates 
the command, sets the Missing Address Mark (MA) flag in ST1 
to a 1, and sets bits 7 and 6 of STO to 0 and 1, respectively. 
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Command Phase: 
-— T 
R/W BYTE 


р 


3 | Track Number (Т) 

ME _| Head Number (Н) 
5 Sector Number (R) 

"ие | Number of Data Bytes per Sector (М) 

ІШ 7 End of Track (ЕОТ) 

8 Gap Length (GPL) 

9 Data Length (DTL) 


= 


Result Phase: 


R T 1 Status Register 0 (570) 1 

2 Status Register 1 (571) 

= 
3 | Status Register 2 (ST2) 
4 Track Number (T) 

~ d 4 
5 Head Number (H) 
6 Sector Number (R) | 
7 Number of Data Bytes per Sector (М) 

READ ID 


The two-byte Read ID command returns the present position of 
the read/write head. The MFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to 0 and ter- 
minates the command. 


If no proper ID Address Mark is found on the disk before the 
Index Hole is encountered for the second time then the Missing 
Address Mark (MA) flag in ST1 is set to a 1, and if no data is 
found then the ND flag in ST1 is also set a 1. Bits 7 and 6 in 
STO are set to 0 and 1, respectively and the command is 
terminated. 


During this command there is no data transfer between MFDC 
and the data bus except during the result phase. 


Command Phase: 
R/W BYTE 
м МЕ 


—T 


— 


Result Phase: 
R 


1 Status Register 0 (STO) 
2 Status Register 1 (ST1) 
3 Status Register 2 (ST2) 
4 Track Number (T) 
Ж! 
6 

7 


Head Number (Н) 


Sector Number (R) 
Number of Data Bytes per Sector (N) 


LITT 
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FORMAT A TRACK 


The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded per 
the format recommended by Sony Corporation. The particular 
format written is also controlled by the values of Number of 
Bytes/ Sector (N), Sectors/Track (ST), Gap Length (GPL) and 
Data Pattern (D) which are supplied by the processor during the 
command phase. The Data field is filled with the data pattern 
stored in D. 


The ID field for each sector is supplied by the processor in 
response to four data requests per sector issued by the MFDC. 
The type of data request depends upon the Non-DMA flag (ND) 
in the Specify command. In the ОМА mode (ND = 0), the MFDC 
asserts the DMA Request (DRQ) output four times per sector. 
In the Non-DMA mode (ND = 1), the MFDC asserts Interrupt 
Request (INT) output four times per sector. 


The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number 
(T), Head Number (H), Sector Number (В) and Number of Bytes/ 
Sector (N). This allows the disk to be formatted with non- 
sequential sector numbers, if desired. 


The processor must send new values for T, H, R, and N to the 
MFDC for each sector on the track. For sequential formatting 
R is incremented by one after each sector is formatted, thus, 
R contains the total numbers of sectors formatted when it is read 
during the result phase. This incrementing and formatting con- 
tinues for the whole track until the MFDC, upon encountering 
the Index Hole for the second time, terminates the command 
and sets bits 7 and 6 in STO to O. 


If the Fault (FLT) signal is high from the РОО at the end of a 
write operation, the MFDC sets the Equipment Check (EC) flag 
in STO to a 1, sets bits 7 and 6 of STO to 0 and 1, respectively, 
and terminates the command. Also, a low (RDY) signal at the 
beginning of a command execution phase causes bits 7 and 6 
of STO to be set to O and 1, respectively. 


Table 5 shows the relationship between N, ST, and GPL for 
various disk and sector sizes. 


Command Phase: 

Г mw | BYTE | TRI 2 [л [0 

w | 1 о 101 ДЕЛЕ 1 
2 il: lx eps x | x | но | us: uso | 

| 3 Number of Bytes per Sector (N) 

4 Sectors per Track (ST) 

5 Gap Length (GPL) 

6 Data Pattern (D) 


| 


— 
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Table 5. Micro Floppy Disk Sector Size Relationship 


1. Values of ST and GPL are hexadecimal. 


7] Gap Length 
No. of Data No. of (GPL)! 
Sector Size Bytes/Sector Sectors/Tracks Format 
Format Mode Bytes/Sector (N) (ST)! Command 
Т | (ЕШ 
128 00 10 1B 
Sony FM 256 01 09 2А 
(Read 512 02 05 3A 
MS 256 01 10 36 
MFM? 512 02 09 54 
1024 03 05 74 
Гг Т р 128 d 00 Т OF 1B | 
IBM FM 128 00 09 2A 
(Read 256 2 01 i 04 3A 
Only) 256 01 ОР 36 
MFM2 512 02 09 54 
1024 03 04 74 
~ 1. ds ст 
Notes: 


2. In MFM mode the MDFC cannot perform a read/write/format operation with 128 bytes/sector (М = 00). 


Result Phase 
R 1 


| 


Status Register 0 (STO) 
|| Status Register 1 (ST1) 
Status Register 2 (5Т2) 
Track Number (T)* 
Head Number (H)* 
Sector Number (R)* 
7 Number of Data Bytes per Sector (N)* 


о|о|-|ө|мю 


“Тһе ID information has по meaning in this command. 


SCAN COMMANDS 


The scan commands compare data read from the disk to data 
supplied from the data bus. The MFDC compares the data, and 
looks for a sector of data which meets the conditions of Depp 
= Days, Depp x Days, Of Depp > Days (D = the data pattern 
in hexadecimal). A magnitude comparison is performed (FF = 
largest number, 00 = smallest number). The hexadecimal byte 
of FF either from the bus or from FDD can be used as a mask 
byte because it always meets the condition of the compare. 
After a whole sector of data is compared, if the conditions are 
not met, the sector number is incremented (А + STP ~ В), 
and the scan operation is continued. The scan operation con- 
tinues until one of the following events occur: the conditions 
for scan are met (equal, low or equal, or high or equal), the 
last sector on the track is reached (ЕОТ), or TC is received. 
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If conditions for scan are met, the MFDC sets the Scan Hit (SH) 
flag in ST2 to a 1, and terminates the command. if the condi- 
tions for scan are not met between the starting sector (as 
specified by R) and the last sector on the track (EOT), then 
the MFDC sets the Scan Not Satisfied (SN) flag in ST2 to a 
1, and terminates the command. The receipt of TC from the 
processor or DMA controller during the scan operation will 
cause the MFDC to complete the comparison of the particular 
byte which is in process, and then to terminate the command. 
Table 6 shows the status of bits SH and SN under various con- 
ditions of scan. 


If SK = 0 and the MFDC encounters a Deleted Data Address 
Mark on one of the sectors, it regards that sector as the last 
sector of the track, sets the Control Mark (CM) bit in ST2 to 
а 1 and terminates the command. If SK = 1, the MFDC skips 
the sector with the Deleted Data Address Mark, sets the CM 
flag to a 1 in order to show that a Deleted Sector has been 
encountered, and reads the next sector. 


When either the STP sectors are read (contiguous sectors = 
01, or alternate sectors = 02) or MT (Multi-Track) is set, the 
last sector on the track must be read. For example, if 
STP = 02, MT = 0, the sectors are numbered sequentially 1 
through 26, and the scan command starts reading at sector 
21. Sectors 21, 23, and 25 are read, then “he next sector (26) 
is skipped and the Index Ноје is encountered before the EOT 
value of 26 can be read. This results in an abnormal termina- 
tion of the command. If the EOT had been set at 25 or the scan- 
ning started at sector 20, then the scan command would be 
completed in a normal manner. 
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Table 6. Scan Status Codes 
p "us 
L Status Register 2 
Command Bit 2 = SN E Bit 3 - SH Comments 
ее | 
Scan Е 0 1 Оно = Deus 
qual 
| 1 0 Droo = Opus EN 
| 0 1 Drop = Deus 
Scan Low or Equal 0 0 Depp < Deus 
_| 1 | 0 i Droo > Deus 
0 1 Drop = Deus 
Scan High ог Equal 0 0 Depo > Degus 
1 0 Drop < Deus 
During a scan command data is supplied from the data bus for SCAN LOW OR EQUAL 
comparison against the data read from the disk. In order to avoid 
having the Over Run (OR) flag set in ST1, data must be available Command Phase: 
from the data bus in less than 27 us (FM mode) or 13 as (MFM = 1 
mode). If ап OR occurs, the МЕОС terminates the command | RW = БІЛЕ 27 s S es 1 ? я] 
and sets bits 7 апа 6 of STO to 0 and 1, respectively. м |. ME MF|SK|1/|1,| 0 0 1 
x |x |x |х]|х] но | ust | uso | 


The following tables specify the command bytes and describe 
the result bytes for the three scan commands. 


7 6 51432 1 
МТ | МЕ | SK |1 0 0 
X x X |X |X| НО | US1 


Track Number (T) 
Head Number (H) 
+ 

| Sector Number (В) 


SCAN EQUAL 


Command Phase: 
R/W 
м 1 


| 


USO 
— 


End pf Track (EOT) 
Gap Lerigth (GPL) 
Sector Test Process (STP) 


3 
4 
5 
6 Number of Data Bytes per Sector (N) | 
7 
8 
9 


Result Phase: 


| Status Register 0 (STO) 
2 Status Register 1 (ST1) 
Status Register 2 (ST2) 
4 Track Number (T) 

5 Head Number (H) 
Sector Number (R) 


7 | Number of Data Bytes per Sector (М) 
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8 


1 

2 

3 _| Track Number (T) 
4 Head Number (H) 
Sector Number (R) 


Number of Data Bytes per Sector (N) 
End of Track (EOT) 

Gap Length (GPL) 

Sector Test Process (STP) 


Result Phase: 


=. — 
а |1 | Status Register 0 (STO) 
| 2 | Status Register 1 (571) J 
3 Status Register 2 (ST2) 
| 4 | Track Number (T) | 
М 5 | Head Number (Н) 
6 Sector Number (А) 


7 "| Number of Data Bytes per Sector (N) 
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SCAN HIGH OR EQUAL 


Command Phase: 
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After command termination, а! FDD Busy bits set are cleared 
by the Sense Interrupt Status command. 


RW BYTE | 7 Ы During the command phase of the Seek operation the MFDC 
4— + 4. sets the Controller Busy (СВ) Над in the MSR to 1; but during 
М 121 МТ | МЕ | $К 1 the execution phase the СВ flag is set to 0 to indicate MFDC 
2 |x x |x = BRE US: | USO | non-busy. While the MFDC is in the non-busy state, another Seek 
ak command may be issued, and in this manner parallel seek opera- 
3 | Track Number (Т) 4 tions may be performed on all drives at once. 
4 Head Number (H) 
1 Мо command other than Seek will бе accepted while the МЕОС 
5 n Я 
| 3 ector Number: (R) . is sending step pulses to any FDD. If a different command type 
| 6 | Number of Data Bytes per Sector (№) is attempted, the MFDC will set bits 7 and 6 in STO to a 1 and 
7 End of Track (EOT) 0, respectively, to indicate an invalid command. 
8 1 Gap Length (GPL) | | If the РОО is in a not ready state at the beginning of the сот- 
9 Sector Test Process (STP) mand execution phase or during the Seek: operation, then the 
| МЕРС sets the Not Ready (NR) flag in STO to а 1, sets STO bits 
7 and 6 to O and 1, respectively, and terminates the command. 
Result Phase: T If the time to write the three bytes of the Seek command exceeds 
R 1 Status Register 0 (STO) | 150 ys, the time between the first two step pulses may be shorter 
2 | Status Register 1 (571) than the Step Rate Time (SRT) defined by the Specify command 
Г > by as much as 1 ms. 
3 Status Register 2 (ST2) 
te 
| 4 | Track Number (T) Command Phase: 
5 Head Number (H) R/W BYTE 3 
6 Sector Number (R) w 1 am 
| 7 | Number of Data Bytes per Sector (М) 2 JE x Е х Dine x 81 | USO - 
L 3 New Track Number (М FN) _| 
SEEK 


The three-byte Seek command steps the FDD read/write head 
from track to track. The MFDC has two independent Present 
Track Registers for each drive. They are cleared only by the 
Recalibrate command. The MFDC compares the Present Track 
Number (PTN) which is the current head position with the New 
Track Number (NTN), and if there is a difference, performs the 
following operation: 


If РТМ < МТМ: Sets the direction output (LCT/DIR) high 
and issues step pulses (FR/STP) to the 
FDD to cause the read/write head to step 
in. 

Sets the direction output (LCT/DIR) low 
and issues step pulses to the FDD to 
cause the read/write head step out. 


№ РТМ > NTN: 


The rate at which step pulses are issued is controlled by the 
Step Rate Time (SRT) in the Specify command. After each step 
pulse is issued, NTN is compared against PTN. When 
NTN = РТМ, then the Seek End (SE) flag in STO is set to a 1, 
bits 7 and 6 in STO are set to 0, and the command is terminated. 
At this point MFDC asserts INT. 


The FDD Busy flag (bit 0-3) in the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set 
to a 1. 
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Result Phase: None. 


RECALIBRATE 


This two-byte command retracts the FDD read/write head to the 
Track 0 position. The MFDC clears the contents of the PTN 
counters, and checks the status of the Track 0 signal from the 
FDD. As long as the Track 0 signal (TRKO) is low, the direction 
signal (LCT/DIR) output remains low and step pulses are issued 
on FR/STP. When TRKO goes high the MFDC sets the Seek End 
(SE) flag in STO to a 1 and terminates the command. If the TRKO 
is still low after 256 step pulses have been issued, the MFDC 
sets Seek End (SE) and Equipment Check (EC) flags in STO to 
15, sets bits 7 and 6 of STO to 0 and 1, respectively, and termi- 
nates the command. 


The ability to do overlap Recalibrate commarids to multiple FDDs 


and the loss of the RDY signal, as described in the Seek com- 
mand, also applies to the Recalibrate command. 


Command Phase: 

| жн [ene амы 
w 1 о {о [о |ојо|1 1 1 | 

| 2 [x] +H х [хо [uss | uso | 


Result Phase: None. 
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SENSE INTERRUPT STATUS 


Interrupt Request (INT) is asserted by the MFDC when any of 
the following conditions occur: 


1. Upon entering the result phase of: 

a. Read Data command 

b. Read a Track command 

c. Read ID command 

d. Read Deleted Data command 

e. Write Data command 

f. Format a Track command 

g. Write Deleted Data command 

h. Scan commands 
2. Ready (RDY) line from the FDD changes state 
3. Seek or Recalibrate command termination 


4. During execution phase in the Non-DMA mode 


INT caused by reasons 1 and 4 above occur during normal 
command operations and are easily discernible by the processor. 
During an execution phase in Non-DMA mode, bit 5 in the MSR 
is set to 1. Upon entering result phase this bit is set to 0. Reasons 
1 and 4 do not require the Sense Interrupt Status command. 
The interrupt is cleared by reading or writing data to MFDC. Inter- 
rupts caused by reasons 2 and 3 are identified with the aid of 
the Sense Interrupt Status command. This command resets INT 
and sets/resets bits 5, 6, and 7 of STO to identify the cause of 
the interrupt. Table 7 defines the seek and interrupt codes. 


Neither the Seek or Recalibrate command has a result phase. 
Therefore, it is mandatory to use the Sense Interrupt Status 
command after these commands to effectively terminate them 
and to verify where the head is positioned by checking the 
Present Track Number (PTN). 


Issuing a Sense Interrupt Status command without an interrupt 
pending is treated as an invalid command. 


Command Phase: 
R/W BYTE | 7 


e [5 аз 2 1] o 
м |" | о[|о| ојојт|о[|о [о] 


Result Phase: 
в |1 Status Register 0 (STO) 
| 2 Present Track Number (РТМ) 


Status Register 0 (STO) Bits 
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SPECIFY 


The three-byte Specify command sets the initial values for each 
of the three internal timers. The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the 
read/write commands to the head unload state. This timer is pro- 
grammable from 16 to 240 ms in increments of 16 ms (1 = 16 ms, 
2 = 32 ms,...F = 240 ms). 


The Step Rate Time (SRT) defines the time interval between 
adjacent step pulses. This timer is programmable from 1 to 16 
ms in increments of 1 ms (F = 1 ms, E = 2 ms, D = 3ms,... 
0 = 16 тв.) 


The Head Load Time (HLT) defines the time between the Head 
Load (HDL) signal going high and the start of the read/write 
operation. This timer is programmable from 2 to 254 ms in 
increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms,... 
7F = 254 ms). 


The time intervals are a direct function of the clock (CLK on 
pin 19). Times indicated above are for an 8 MHz clock. If the clock 
is reduced to 4 MHz (mini-floppy application) then all time inter- 
vals are increased by a factor of two. 


The choice of DMA or Non-DMA operation is made by the Non- 


DMA mode (ND) bit. When this bit = 1 the Non-DMA mode is 
selected, and when ND = 0 the DMA mode is selected. 


6 5 |41312 1 о 
d оо ого 1 Е 
SRT HUT 
LT 


ND 


Command Phase: 


SRT — Step Rate Time 
HUT — Head Unload Time 
HLT — Head Load Time 
ND — Non-DMA mode 


Result Phase: None. 


Table 7. STO Seek and Interrupt Code Definition for Sense Interrupt Status 


Interrupt Code (IC) Seek End (SE) 


| 
7 6 5 | Cause 
1 1 0 RDY line changed state, either polarity 
0 0 1 E Normal terminatlon of Seek or Recalibrate command 
0 | 1 1 | Abnormal termination of Seek ог Recalibrate command 
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SENSE DRIVE STATUS 


This two-byte command obtains and reports the status of the 
FDDs. Status Register 3 (ST3) is returned in the result phase 
and contains the drive status. 


Command Phase: 


Г R/W | evre | a 6 |5 ИНЕ 2 1 [о 
w 1 о | о lololo 0 
2 |x |x x іхіх on ERES 


Result Phase: 


в |1 


Status Register 3 (573) 


INVALID COMMAND 


If an invalid command (i.e., a command not previously defined) 
is received by the MFDC, then the MFDC terminates the com- 
mand after setting bits 7 and 6 of STO to 1 and 0, respectively. 
The MFDC does not generate an interrupt during this condition. 
Bits 6 and 7 (DIO and RQM) in the MSR are both set to a 1 
indicating to the processor that the MFDC is in the result phase 
and that STO must be read. A hex 80 in STO indicates that an 
invalid command was received. 


A Sense Interrupt Status command must be Sent after a Seek 
or Recalibrate interrupt, otherwise the MFDC considers the next 
command to be an invalid command. 


In some applications the user may wish to use this command 
as a No-Op command, to place the MFDC in a standby or no 
operation state. 


Command Phase: 


JE 


лм | ВУТЕ | 7 | 
"m 1 


Го 


| 5 [4 


| Invalid Codes 


Result Phase: 


R 1 | Status Register 0 (STO) = 


PROCESSOR INTERFACE 


During the command or result phases, the Мат Status Register 
(МЗА) must be read by the processor before each byte of infor- 
mation is transferred to, or from, the MFDC Data Register. After 
each byte of data is written to, or read from, the Data Register, 
the processor should wait 12 из before reading the MSR. Bits 
6 and 7 in the MSR must be a 0 and 1, respectively, before each 
command byte can be written to the MFDC. During the result 
phase, bits 6 and 7 ofthe MSR must both be 1$ prior to reading 
each byte from the Data Register onto the data bus. Note that 
this status reading of bits 6 and 7 of the MSR before each byte 
transfer to and from the MFDC is required in only the command 
and result phases and not during the execution phase. 


During the result phase all bytes shown in the result phase must 
be read by the processor. The Read Data command, for 
example, has seven bytes of data in the result phase. All seven 
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bytes must be read to successfully complete the Read Data 
command. The MFDC will not accept a new command until all 
seven bytes have been read. Other commands may require 
fewer bytes to be read during the result phase. 


INTERRUPT REQUEST MODE 


During the execution phase, the MSR need not be read. The 
receipt of each data byte from the FDD is indicated by INT high 
on pin 18. When the MFDC is in Non-DMA mode, INT is asserted 
during the execution phase. When the MFDC is in the DMA 
mode, INT is asserted at the result phase. The INT signal is reset 
by a read (RD low) or write (WR low) of data to the MFDC. 
A further explanation of the INT signal is described in the Sense 
Interrupt Status command on page 18. If the system cannot 
handle interrupts fast enough (within 13 дз for MFM mode or 
27 us for FM mode), it should poll bit 7 (ВОМ) in the МА. In 
this case, ВОМ in the MSR functions as an Interrupt Request 
(INT). If the ВОМ bit is not set, the Over Run (OR) flag in ST1 
will be set to a 1 and bits 7 and 6 of STO will be set to a 0 and 
1, respectively. 


DMA MODE 


When the MFDC is in the DMA mode (ND = 0 in the third 
command byte of the Specify command), ОВО (DMA Request) 
is asserted during the execution phase (rather than INT) to 
request the transfer of a data byte between the data bus and 
the MFDC. 


During a read command, the MFDC asserts DRQ as each byte 
of data is available to be read. The DMA controller responds 
to this request with DACK low (DMA Acknowledge) and RD low 
(read). When РАСК goes low the ОМА Request is reset (DRQ 
low). After the execution phase has been completed (TC high 
or the EOT sector is read), INT is asserted tc indicate the begin- 
ning of the result phase. When the first byte of data is read during 
the result phase, INT is reset low. 


During a write command, the MFDC asserts DRQ as each byte 
of data is required. The DMA controller responds to this request 
with DACK low (DMA Acknowledge) and WR low (write). 
When DACK goes low the DMA Request is reset (DRQ low). After 
the execution phase has been completed (TC high or the EOT 
sector is written), INT is asserted. This signals the beginning 
of the result phase. When the first byte of data is read during 
the result phase, the INT is reset low. 


FDD POLLING 


After the Specify command has been received by the MFDC, 
the Unit Select lines (USO and US1) begin the polling mode. 
Between commands (and between step pulses in the Seek 
Command) the MFDC poils all the FDD's looking for a change 
in the RDY line from any of the drives. If the RDY line changes 
state (usually due to the door opening or closing) then the MFDC 
asserts INT. When Status Register 0 (STO) is read (after Sense 
Interrupt Status command is issued), Not Ready (NR = 1) will 
be indicated. The polling of the RDY line by the MFDC occurs 
continuously between commands, thus notifying the processor 
which drives are on- or off-line. Each drive is polled every 
1.024 ms except during read/write commands. 


А6265 Micro Floppy Disk Controller (MFDC) 
foi) IN/OUT FROM MFDC TO DATA BUS 
(MSR BIT 6) FROM DATA BUS TO MFDC 
REQUEST | || 
FOR MASTER SEN | || 
(ROM) ва | | | 
(MSR BIT 7) | | ВЕАОҮ | rt | | | | | ] | 
Ы n n Д і 
WRITE (МА) 1 | 
READ (80) 1—1 
| | | | | | | | ТІ | 
| | | 
[А | вГА [в АГ с [0 | с [o]B| А | 
NOTES 
[А] DATA REGISTER READY ТО BE WRITTEN INTO Гс | DATA REGISTER READY FOR NEXT DATA BYTE TO BE READ 
‚ [B] DATA REGISTER NOT READY ТО BE WRITTEN INTO [0 | DATA REGISTER NOT READY FOR NEXT DATA BYTE TO ВЕ READ 


Figure 3. MFDC and System Data Transfer Timing 
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R6265 
CLK 
Figure 5. Clock Timing 
= 

юса ван p y 

nb. m Oe | 

DATA OUT | 

bob? 1; 
мт 

Figure 6. Read Cycle Timing 
T 


“ыз pie 


DATA IN 
20-07 


INT 


Figure 7. Write Cycle Timing 
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oller (MFDC) 


DRQ 


WR OR RD 


WRITE CLOCK 


(WCK) 
(23 


(3) 


WRITE ENABLE 
(WE) 


PRESHIFT 0 OR 1 
(PSo, PS1) 


WRITE DATA 
(WDA) 


Figure 9. FDD Write Operation Timing 


READ DATA (RDD) 


READ DATA WINDOW (RDW) 


NOTE: 
EITHER POLARITY DATA WINDOW IS VALID 


Figure 10. РОО Read Operation Timing 
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950, US1 


__ SEEK 
(RW/SEEK) 


DIRECTION 
(LCT/DIR) 


STEP 
(FR/STP) 


STABLE р 


— 


Figure 11. 


FAULT RESET 
(FR) 


Figure 12. Fauit Reset Timing 


TERMINAL COUNT 
19 | | 


— 1—0 


Seek Operation Timing 


Figure 14. Terminai Count Timing 


INPUT/OUT TEST POINT 


2 
2.0V 
0.8У 


2.0V 
0.8У 


A LOGIC “1” AND 0.8V FOR А LOGIC "0? 


INPUTS ARE DRIVEN AT 2.4V FOR А LOGIC “1” AND 0.45 V FOR 
A LOGIC "0: TIMING MEASUREMENTS ARE MADE AT 2.0V FOR 


0.3V 


CLOCKS ARE DRIVEN АТ 3.0V FOR A LOGIC “1” AND 0.3V FOR A 
LOGIC "0: TIMING MEASUREMENTS ARE MADE АТ 2.4V FOR А 
LOGIC “1” АМО 0.65V FOR A LOGIC “0” 


Figure 13. index Timing 


Figure 15. Reset Timing 


TEST POINT 


“ 
2.4V^/ 24у 


0.65V 0.657 


e 


Figure 16. AC Timing Measurement Conditions 
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AC CHARACTERISTICS 
(Voc = 50 Міс +5%, Veg = 0 Мас, Т, = 092 to 70°C) 


Micro Floppy Disk Controller (MFDC) 


Ref. Test 
Fig. | №. | Characteristic Symboi Alt Sym. | Min. | Typ | Max Unit | Conditions 
1 | Clock Period | toy Фсу 120 | 125 _500 | ns CLK = 8 MHz 
8 2 | Clock High, Low Width toa Фо 40 62.5 dcm ns 
3 | Clock Rise Time torch | Ф a EN | — | 20 nS | 
| 4 | Clock Fall Time | | (сна. фі ШЕКЕ — | 20 ns 
5 | A0, CS, БАСК Valid to RD Low (Setup) imt | а 0 = Кез ns | 
6 | RD High to А0, CS, БАСК Invalid (Hold) НН | БА о | — _— | ms 
aM RD Low Width | | eine tan | 250 = 1 m ns | 
5 8 | 55 Low to Data Valid (Access) tatov tap = = 200 ns C, = 100 pF 
9 | RD High to Output High Z (аног tor 20 — 100 ns 
10 | RD High to INT High | ШУТ ШҮ =- | = | во || 
11 | AO, CS, DACK Valid to WR Low (Setup) ум. taw 0 -- — ns 
12 | WR High to А0, CS, БАСК Invalid (Hold) Ms [i ЗА 0 = = ns 
13 | WR Low Width “ин | ww | 20 | — | — ns | 
T 14 | Data Valid to WR High (Setup) poa zi]: etg 150 m СІ ns 
7 | 15 | WR High to Data Invalid (Hold) twHox two 5 = | = ns 
| Гав | WR High to INT High тунш: E — | — [| 5 ns | 
17 | DRQ Cycle Time (бсу су 13 -- - uS 
18 | DRQ High to RD, WR High (Response) (анхн mw = __ 12 ГЕ 
8 | 19 | БАСК Low to DRQ Low (Delay) мо | tow | — — | 20 | ns | сік = 8 MHz 
20 ОАО High to RD Low (Delay) она. (ма 800 — im ns 
DRQ High to WR Low (Delay) (оним. Му 250 - - ns 
21 | WCK Cycle Time tev toy БЕ note 1 = "m 
22 | WCK High Width | на. to 80 250 7350 ns 
23 | WCK Rise Time кн t = - 20 ns 
9 | 24 | WCK Fall Time АК: n = = 20 ns 
| 25 | WCK High to PS0, PS1 Valid (Delay) me il top 20 — | 10 ns | 
26 | PSO, PS1 Valid to WDA High (Delay) {рурн (ср 20 - 100 ns 
27 | WDA High Width | ОНЫ. "уза twcn – 50 = | ns_| 
| 28 | WE High to WCK High or WE Low to МСК Low | te, | twe 20 | — | 10 ^s 
1 30 | RDW Cycle Time су 1 twcv — note 2 B — m 
© E | RDW Valid to RDD High (Setup) twan | мо 15 — | ns 
32 | RDD Low to RDW Invalid (Hold) ПЕ Ínow 5 | — | — as 
| 33 | RDD High Width | КЕТЕР же a.p =- | ns 
35 | USO, US1 Valid to SEEK High (Setup) ПР tus 12 = — [s 
36 | SEEK Low to USO, 051 Invalid (Hold) Өш | tsy 15 - — [ав 
37 | SEEK High to DIR Valid (Setup) 7 но | tsp 7 RENE ls 
38 | DIR Invalid to SEEK Low (Hold t t 30 — — 45 
11 [739 | DIR Valid to STP High cH | E El 1 = ЕН = айы 
ies Е! 1 ыы zd d : 
40 | STP Low to DIR Invalid (Hold) | tiok teto 24 = | = из 
41 | STP Low to USO, 051 Invalid (Hold) Аа 5 = = m 
42 | STP High Width | mum = 6 7 ЕЕ 
Газ | STP Cycle Time trey tsc 333 — __|_поез | ss 
| 12 | 44 | FR High Width tur, | ter 8 = _ 10 m 
13 | 45 | IDX High Width NET tox | 10 =- | - ty 
14 | 46 | TC High Width бнт. tre 1 = ЕНЕР 
15 | 47 | RST High Width | tme | tasr а | = = tey 
Notes: | 
1. | МЕМ Mini Standard 2. Рог MFM = 0: Тур. = 2 ys 
0 4 из n For МЕМ = Y Tp. = + 8 | ' | 
: 3. іс = 33 as min. is for different drive units. In the case of the same unit, 
1 2 us | 1 ps {с can range from 1 ms to 16 ms with 8 MHz clock period. 


2-310 


А6265 
ABSOLUTE MAXIMUM RATINGS* 


Parameter 
Supply Voltage 


Input Voltage -0.3 to +7.0 


Output Voltage -0.3 to +7.0 | V 


Operating Temperature Range О to +70 ce 
Storage Temperature Range Tera -5510 +150 | C? 


OPERATING CONDITIONS 


Parameter | Range 
Усс Power Supply 5.0V + 5% 
Operating Temperature 0°C to 70°C | 


DC CHARACTERISTICS 


Micro Floppy Disk Controller (MFDC) 


*NOTE: Stresses above those listed under ABSOLUTE МАХІ- 
MUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 


(Усс = 50 Мас +5%, Vss = 0 Мас, T4 = 0°C to 70°C, unless otherwise noted) 


Parameter Symboi Min Max Unit Test Conditions 
Input Low Voltage Vit p M 
Logic -05 08 
CLK and WCK -05 065 
Input High Voltage m у | 
Logic 20 Voc + 05 
CLK and МСК 24 Voc + 05 
|___-- 
Output Low Voltage VoL m 0.45 Veco = 475V, Io, = 20 mA 
Output High Voltage Мон 2.4 Vec Мес = 4.75V, юн = -200 pA 
Vcc Supply Current loc 150 mA Усс = 4.75У 
L———— 
Input Load Current ће 10 pA Vin = Усс 
All Inputs -10 pA Vin = OV 
High Level Output Leakage Current он 10 pA Voc = OV to 5.25V, Vss = OV 
Морт = Мос 
Low Level Output Leakage Current По ~10 pA Voc = OV to 5.25У, Vss = OV 
Vour = +0.45V 
Internal Power Dissipation Рат - 10 | Ww ТА = 25°С 


САРАСПАМСЕ 
(Ta = 25°С; f, = 1 MHz; Усс = OV) 
Parameter Symboi Max Limit E | 
Clock Input Cino 20 pF 
Input | Cin | 10 | pF | 
| Output | Cour | 20 | pF | 
| 


| Note: All pins except pin under test tied to ground. 
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PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP 


A [50.29 | 51.31 | 1.980 | 2.020 
14.86 | 15.62 | 0.585 | 0.615 
2.54 | 4.19 | 0.100 | 0.165 
0.38 | - 0.53 | 0.015 | 0.021 
0.76] 1.40 | 0.030 | 0.055 
2.54 650 | 0.100 BSC 
0.030 | 0.070 | 
0.20 | 0.33 [0.008 | 0.013 


[MILLIMETERS] ІМСНЕ5 
DIM | MIN | МАХ | MIN |. MAX 


z|zir |хі“|тісітісі|о|т 
4 
E 
ч 
o 
"I 
M 
e 


f ime" 254| 4.19 [0.100 | 0.165 
НН TM wf чю d ван 
|_ ы) K 1 агы 

H d. "| | 4, м 4 - 0.51 | 1.52 ТИТ 


40-PIN PLASTIC DIP 


И, — 

^o 2 | MILLIMETERS| INCHES 
DIM | MIN | MAX | MIN | MAX 
B А [51.28 | 52.32 | 2.040 | 2.060 
8 [13.72| 14.22 | 5.540 | 0.560 
1 20 C | 3.55] 5.08 [2.140 | 0.200 
3 D | 6.36] 0.51 [5.014 | 0.020 
Е | 1.02 [ 1.52 | 2.040 | 0.060 

А | L а | 254880 | 0.100 BSC 
c н | 185] 2.16 | 9.065 | 0.085 
T N J | 0.20] 0.30 | 5.008 | 0.012 
| 1 к | $05| 3.56 [2120 | 0.140 

L | 15.24 BSC | 0.600 BSC 

Т! | J м [7 | 10° | 7° | 10° 
Lu е Е фо K IL M м | 9051 [ 102 [5.020 | 0.040 


N 
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DOUBLE-DENSITY FLOPPY DISK 
CONTROLLER (DDFDC) 


PRELIMINARY 


DESCRIPTION 


The R6765 Double-Density Floppy Disk Controller (DDFDC) 
interfaces up to four floppy disk drives to ап 8-bit or 16-bit 
microprocessor-based system including 2-80, 8080A, 8085A, 
8086, and 8088. The DDFDC simplifies the system design by 
minimizing both the number of external hardware components 
and software steps needed to implement the floppy disk drive 
(200) interface. Control signals supplied by the DDFDC reduce 
the number of components required in external phase locked 
loop and write precompensation circuitry. Memory-mapped 
registers containing commands, status and data simplify the soft- 
ware interface. Built-in functions reduce the software overhead 
needed to control the FDD interface. The DDFDC supports both 
the IBM 3740 Single-Density (FM) and IBM System 34 Double- 
Density (MFM) formats. 


The DDFDC interfaces directly to the synchronous microproces- 
sor bus and operates with 8-bit byte length data transferred on 
the bus in either DMA or non-DMA mode. In DMA mode, the CPU 
need only load the command into the DDFDC and all data 
transfers occur under DMA control. The R6765 is directly com- 
patible with the Z8410/,PD8257 Direct Memory Access Controller 
(DMAC). In non-DMA mode, the DDFDC generates an interrupt 
to the CPU indicating that a byte of data is available. 


Controller commands, command or device status, and data are 
transferred between the DDFDC and the CPU via six internal 
registers. The Main Status Register (MSR) stores the DDFDC 
status information while four additional status registers provide 
result information to the CPU following each controller command. 
The Data Register (DR) stores actual disk data, parameters, con- 
troller commands and FDD status information for use by the CPU. 


The R6765 executes 15 separate multi-byte commands: 


Read Data Specify 
Write Data Format a Track 
Read Deleted Data Scan Equal 


Write Deleted Data 

Read a Track 

Read ID 

Seek 

Recalibrate (Restore to Track 0) 


Scan High or Equal 
Scan Low or Equal 
Sense Interrupt Status 
Sense Drive Status 


Document No. 29651N71 
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FEATURES 


* Address mark detection circuitry 

* Software control of 
—Track stepping rate 
— Head load time 
— Head unload time 

е ІВМ compatible in both single- and double-density recording 
formats 

* Programmable data record lengths: 128, 256, 512, 1024, 2048, 
4096 or 8192 bytes/sector 

* Multi-sector and multi-track transfer capability 

* Controls up to four floppy disk drives 

* Data scan capability— will scan a single sector or an entire 
track of data fields, comparing on a byte-by-byte basis data 
in the processor's memory with data read from the disk 

* Data transfers п ОМА or non-DMA mode 

* Parallei seek operations on up to four drives 

* Directly compatible with an 8-bit or 16-bit synchronous 
microprocessor bus including 2-80/8080А/8085А, 8086, and 
8088 


e Replacement for NEC „РО765А and Intel 8272 
* Single phase 4 or 8 MHz Clock 
* Single +5 Volt Power Supply 


ORDERING INFORMATION 


Part Number 
А6765 - 


L CLK Frequency: 


Temperature Range 
0°C to 70°C 


5 = 4 MHz 
Blank = 8 MHz 


Package: 
P = Plastic 
С = Ceramic 


Product Description Order No. 2168 
Rev. 1, March 1984 
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Double-Density Floppy Disk Controller (DDFDC) 


ASYNCHRONOUS 
BUS 
INTERFACE 


DMAC 
INTERFACE 


FDD 
SERIAL 
DATA 
INTERFACE 
PS0-PS1 
RDY 
WP/TS 
FLT/TRKO 
FRISTP 
RW/SEEK FDD 
En == MN STATUS 
INTERFACE 


Figure 1. 


PIN DESCRIPTION 


Throughout this document signals are presented using the terms 
active and inactive, or asserted and negated, independent of 
whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. 


BUS INTERFACE 


D0-D7— Data Lines. The bidirectional data lines transfer data 
between the DDFDC and the 8-bit data bus. 


CLK—CLOCK. The clock is a TTL compatible 4 or 8 MHz square 
wave signal. 


RST—RESET. This active high input places the DDFDC in the 
idle state and resets the output lines to the floppy disk drive 
(FDD) to the low state. 

CS—Chip Select. The DDFDC is selected when the CS input 
is low. 


A0—Data/Status Register Select. This input selects the Data 
or Status Register for reading from or writing to. When AO = 
high, the Data Register is selected and the state of RD or WR 
determines whether itis a read (RD = low) ora write (WR = low) 
operation. When AO = low, the Status Register is selected. This 
register may only be read (RD = low); the state WR = low is 
invalid when the Status Register is selected. 
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DDFDC Input and Output Signals 


INT—Interrupt Request. This active high output is the interrupt 
request generated by the DDFDC to the CPU. INT is asserted 
upon completion of some DDFDC commands and before a data 
byte is transferred between the DDFDC and the data bus (in the 
Non-DMA mode). 


RD—Read. This active low input defines the data bus transfer 
as a read cycle. When low, the data transfer is from the DDFDC 
to the data bus. 


WR—Write. This active low input defines the data bus transfer 
as a write cycle. When low, the data transfe” is from the data bus 
to the DDFDC. 


DIRECT MEMORY ACCESS CONTROLLER 
(DMAC) INTERFACE 


DACK—DMA Acknowledge. The DMA transfer acknowledge 
signal is a TTL compatible input generated by the DMA controller 
(ОМАС) controlling the DDFDC. The DMA cycle is active wher 
DACK is low and the DDFDC is performirig a DMA transfer. 


DRQ—Data DMA Request. The transfer request signal is a TTL 
compatible output generated by the DDFDC to request a data 
transfer operation under control of the DMAC (in the DMA mode). 
The request is active when DRQ = high. The signal is reset 
inactive when DMA Acknowledge (DACK) is asserted (low). 


R6765 


TC—Terminai Count. This input signal is issued to the DDFDC 
when the DMA transfer for a channel is complete. The signal 
is active high concurrent with the DACK input when the DMA 
operation is complete as a result of that transfer. 


FDD SERIAL DATA INTERFACE 


RDD—Read Data. Read Data input from the floppy disk drive 
(FDD) containing clock and data bits. 


RDW-- Read Data Window. Data Window input generated by the 
Phase Locked Loop (PLL) and used to sample data from the FDD. 


VCO—Variabie Frequency Oscillator Sync. This output signal 
inhibits the VCO in the PLL circuit when low and enables the 
VCO in the PLL circuit when high. This inhibits RDD and RDW 
from being generated until valid data is detected from the FDD. 


WCK—Wiite Clock. This input clock determines the Write Data 
rate to the FDD. The data rate is 500 KHz in the FM mode (MFM 
= low) and 1 MHz in the MFM mode (MFM = high). The pulse 
width is 250 ns (typical) in both modes. 


WDA—Write Data. Serial write data output to the FDD contain- 
ing both clock and data bits. 


WE—Write Enabie. This output signal enables the Write Data 
into the FDD when high. 


PSO-PS1—Preshift. These outputs are encoded to convey write 
compensation status during the MFM mode to determine early, 
late or normal times as follows: 


Preshift Outputs 
Write Precompensation Status Р50 Р$1 
Могта! 0 0 
Late 0 1 
Еапу 1 0 
Invalid 1 1 


| 0 = Low, 1 = High 


FDD STATUS INTERFACE 


RDY—Ready. An active high input signal indicates the FDD is 
ready to send data to, or receive data from, the DDFDC. 


ШХ--іпдех. An active high input signal from the FDD indicates 
the index hole is under the index sensor. Index is used to syn- 
chronize DDFDC timing. 


RW/SEEK—Read Write/Seek. Mode selection signal to the FDD 
which controls the multiplexer from the multiplexed signals. 
When RW/SEEK is low, the Read/Write mode is commanded; 
when RW/SEEK is high, the Seek mode is commanded. 


| RW/SEEK Mode | Active FDD Interface Signals 
Low Read/Write WP, FLT, LCT, FR 
High | Seek TS, TRKO, DIR, STP 
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WP/TS—Write Protect/Two Side. An active high multiplexed input 
signal from the FDD. In the Read/Write mode, WP/TS high indi- 
cates the media is write-protected. In the Seek mode, WP/TS high 
indicates the media is two-sided. 


FLT/TRKO—Fauit/Track Zero. An active high multiplexed input 
from the FDD. In the Read/Write mode (RW/SEEK = low), 
FLI/TRKO high indicates ап FDD fault. In the Seek mode, 
FLT/TRKO high indicates that the read/write head is positioned over 
track zero. 


LCT/DIR—Low Current/Direction. A multiplexed output to the 
РОО. In the Read/Write mode, LCT/DIR is low when the read/write 
head is to be positioned over the inner tracks and the LCT/DIR 
is high when the head is to be positioned over the outer tracks. 
In the Seek mode, LCT/DIR controls the head direction. When 
LCT/DIR is high, the head steps to the outside of the disk; when 
LCT/DIR is low, the head steps to the inside of the disk. 


FR/STP—Fauit Reset/Step. A multiplexed output to the FDD. In 
the Read/Write mode, FR/STP high resets the fault indicator in 
the FDD. An FR pulse is issued at the beginning of each read 
or write command prior to issuing HDL. In the Seek mode, FR/STP 
provides the step pulses to move the read/write head to another 
track in the direction indicated by the LCT/DIR signal. 


HDL—Head Load. An active high output to notify the FDD that 
the read/write head should be loaded (placed in contact with the 
media). A low level indicates the head should be unloaded. 


=з | 
RST 1 vec 
RD 2 RW/SEEK 
WR 3 LCT/DIR 
Cs 4 FR/STP 
A0 5 HDL 
ро 6 RDY 
Di 7 WP/TS 
D2 8 FLT/TRKOo 
D3 9 Р50 
D4 10 31 PS1 
05 11 30 WDA 
D6 12 29 uso 
D7 13 28 961 
DRQ 14 27 HD 
БАСК 15 26 MFM 
тс 16 25 МЕ 
iDX 17 24 vco 
INT 18 23 RDD 
CLK 19 22 RDW 
GND 20 WCK 
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HD—Head Select. An output to the FDD to select the proper 
read/write head. Head One is selected when HD = high and Head 
Zero is selected when HD = low. 


US0-US1—Unit Select. Output signals for floppy disk drive selec- 
tion as follows: 

Floppy Disk 

Drive Select 


Unit Seiect 
Uso US1 | 
0 
1 
2 
3 


MFM—MFM Mode. Output signal to the FDD to indicate MFM 
or FM mode. Selects the MFM mode when MFM = high and the 
FM mode when MFM = low. 


0 = Low, 1 = High 


УСС—Ромег. +5V ас. 


GND—Ground (V,,). 
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DDFDC REGISTERS 


The DDFDC contains six registers which may be accessed by 
the processor or DMA controller via the system (i.e., micro- 
processor) bus: a Main Status Register, a Data Register, and four 
Result Status Registers. The 8-bit Main Status Register (MSR) 
contains the status information of the DDFDC, and may be 
accessed at any time. The 8-bit Data Register, consisting of 
Several registers in a stack with only one register presented to 
the data bus at a time, stores data, commands, parameters and 
РОО status information. Bytes of data are read out of, or written 
into, the Data Register in order to initiate a command or to obtain 
the results of a command execution. 


The read-only Main Status Register facilitates the transfer of data 
between the system and the DDFDC. The other Status Registers 
(STO, ST1, ST2 and ST3) are only aveilable during the result 
phase, and may be read only after completing a command. The 
particular command which has been executed determines how 
many of the Status Registers will be read. 


yo 
00-07 BUFFERS 
RST 
RD ————JÀ»*| 
WR OPERATION ===> 
CONTROL 
és 
AO 
5 
INT 5 
al 
in 5 
БАСК x 
тс ОМА ш 
CONTROL = 
рва 


Ск -к- 


vece ——— 
GND -------- 


SERIAL RDW 
READ RDD 
CONTROL vco 
WCK 
SERIAL WDA 
WRITE 
CONTROL WE 
PS0, PS1 
RDY 
X 
лд] INPUT iD 
PORT WP/TS 
DRIVE FLT/TRKD 


CONTROL LCT/DIR 
H OUTPUT FR/STP 
FORT RW/SEEK 

HDL 
HD 

uso 
US1 

MFM 


Figure 2. DDFDC Block Diagram 
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The relationship between the status/data registers and the WR, 
RD and AO signals is shown below. 


Function 


Illegal 
Read Main Status Register 
Illegal 

illegal 

Read from Data Register 
Write into Data Register 


о = Low, 1 = High | 


а--аооо 


Table 1 shows each of the status registers used by the DDFDC 
and each bit assignment within the individual registers. Table 2 
defines the symbols used throughout the command definitions. 
Each register bit symbol is defined in the register descriptions 
that follow Table 2. 


REGISTER DEFINITIONS 


Main Status Register (MSR) 


The Main Status Register (MSR) contains the status information 
of the DDFDC, and must be read by the processor before each 
byte is written to, or read from, the Data Register during the com- 
mand or result phase. MSR reads are not required during the 
execution phase. The Data Input/Output (DIO) and Request for 
Master (RQM) bits in the MSR indicate when data is ready and 
in which direction data will be transferred on the data bus. The 
maximum time between the last RD or WR during command 
or result phases and the DIO and RQM getting set or reset is 
12 us. For this reason, every time the MSR is read the processor 
should wait 12 us. The maximum time from the trailing edge of 
the last RD in the result phase to when bit 4 (DDFDC Busy) 
goes low is also 12 ys. 


The DIO and RQM timing chart is shown in Figure 3. 


MSR 
7 НОМ —Редџез! for Master. 
0 Data Register is not ready. 
1 Data Register is ready. 


MSR 
6 DIO —Data Input/Output. 
0 Data transfer is from system to the Data Register. 
1 Data transfer is from Data Register to the system. 


MSR 
5 EXM  —Execution Mode. (Non-DMA mode only). 
0 Execution phase ended, result phase begun. 
1 Execution phase started. 
MSR 
4 CB --Сопігоһег (DDFDC) Busy. 
0 DDFDC is not busy, will accept a command. 
1 DDFDC is busy, will not accept a command. 
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MSR 
3 038 —Floppy Disk Drive (FDD) 3 Busy. 
0 FDD 3 is not busy, DDFDC will accept read or write 


command. 
1 FDD 3 is busy, DDFDC will not accept read or write 
command. 
MSR 
2 D2B  —FDD 2 Busy. 
0 FDD 2 is not busy, DDFDC will accept read or write 
command. 
1 FDD 2 is busy, DDFDC will not accept read or write 
command. 
MSR 
1 DIB  --FDD 1 Busy. 
0 FDD 1 is not busy, DDFDC will accept read or write 
command. 
1 FDD 1 is busy, DDFDC will not accept read or write 
command. 


MSR 
0 DOB  —FDD 0 Busy. 
0 FDD 0 is not busy, DDFDC will accept read or write 
command. 
1 FDD 0 is busy, DDFDC will not accept read or write 
command. : 


Status Register 0 (STO) 


The Status Register 0 (STO) as well as the other status registers 
(ST1-ST3), are available only during the result phase, and may 
be read only after completing a command. The particular com- 
mand executed determines which status registers are used and 
may be read. 


STO 

7 6 IC —interrupt Code. 

оо Normal Termination (NT). Command was properly exe- 
cuted and completed. 

0 1 Abnormal Termination (AT). Command execution was 
started, but was not successfully completed. 

10 Invalid Command (IC). Received command was invalid. 

11 Abnormal Termination (AT). The Ready (АБУ) signal 
from the FDD changed state during command 
execution. 


STO 
5 SE —Seek End. 
0 Seek command is not completed. 
1 Seek command completed by DDFDC. 


STO 
4 EC --Ешіртепі Check. 
0 No error. 
1 Either a fault signal is received from the FDD or the track 
0 signal failed to occur after 256 step pulses (Recalibrate 
command). 
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Table 1. DDFDC Status Register Bit Assignments 
Bit Number » | 
6 5 4 3 2 | 4 0 
Main Status Register (MSR) DIO + ЕХМ св 238 028 | D1B ров 
US 
Status Register 0 (STO) SE EC NR - 
951 Uso 
Status Register 1 (ST1) 0 DE OR 0 NW MA | 
Status Register 2 (ST2) CM DD WT SH BT MD 
Status Register 3 (ST3) FLT | МР RDY E TRKO TS US1 USO 
Table 2. Command Symbol Description 
Symbol Name | Description 7 | 
А0 | Address Line AO Controls selection of Main Status Register (AO = low) or Data Register (AO = high). 
D Data The data pattern which is going to be written into a sector. 
00-07 Data Bus B-bit data bus, where DO is the least significant data line and D7 is the most significant data line. 
DTL Data Length When N is defined as 00, DTL is the number of data bytes to read from or write иго the sector. 
EOT T End of Track The final sector number on a track. During read or write operation, the DDFDC stops data transfer 
after reading from or writing to the sector equal to EOT. 
GPL Gap Length The length of Gap 3. During read/write commands this value determines the number of bytes that the 
VCO will stay low after two CRC bytes. During the Format a Track command it determines the size of 
Gap 3. 
H Head Address Head number 0 ог 1, as specified in ID field. 
HD (H) Head HD in а! command words). 


Head Load Time 


A selected head number O or 1 which controls the polarity of pin 27. (H = 
The head load time in the FDD (2 to 254 ms in 2 ms increments). 


[ HLT 
HUT | Head Unload Time 


The head unload time after a read or write operation has occurred (16 to 240 ms in 16 ms increments). 


MF FM or MFM Mode When МЕ = 0, FM mode is selected; and when МЕ = 1, MFM mode is selected. 

MT Multi-Track When MT = 1, a multi-track operation is to be performed. After finishing а read/write operation on side 
0, the DDFDC will automatically start searching for sector 1 on side 1. 

N Bytes/Sector The number of data bytes written in a sector. 

ND Non-DMA Mode When ND = 1, operation is in the Non-DMA mode; when ND = 0, operation is in the DMA mode. 

NTN New Track Number A new track number, which will be reached as a result of the Seek command. Desired head position. 

PTN Present Track Number The track number at the compietion of Sense Interrupt Status command. Present head position. 

R Record (Sector) The sector number to be read or written. 

РМ Read/Write Either read (R) or write (W) signal. Ж 21 

ST Sectors/Track The number of sectors per track. 

E TÉ m 1 
| эк | Skip Skip Deleted Data Address Mark. 

SRT Step Rate Time The stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate applies to all drives 
(Е = 1 ms, Е = 2 ms, etc.) 

STO Status 0 Four registers which store the status information after a command has been executed. This information | 

ST1 Status 1 is available during the result phase after command execution. These registers should not be confused 

ST2 Status 2 with the Main Status Register (selected by AO = low). STO-ST3 may be read only after a command has 

ST3 Status 3 been executed and contain information relevant to that particular command. 

STP Sector Test Process During а Scan command, if ЗТР = 01, the data in contiguous sectors is compared byte by byte with data 
sent from the processor (ог DMA controller); and if STP = 02, then alternate sectors are read and 
compared 

T Track Number The current/selected track number of the medium (0-255). 


050,051 | Unit Select 


| А selected drive number (0-3). 


з | A 
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STO 
3 NR —Not Ready. 
0 FDD is ready. 
1 FDD is not ready at issue of read or write command. If 
a read or write command is issued to side 1 of a single- 
sided drive, this bit is also set. 


STO 
2 HD —Head Address. (At Interrupt). 
0 Head Select 0. 
1 Head Select 1. 


STO 

1 0 US —Unit Select. (At Interrupt). 
0 0  FDDO selected. 

0 1 FDD 1 selected. 

1 0 FDD 2 selected. 

1 1 FDD 3 selected. 


Status Register 1 (ST1) 


Гат | 
| е | о | ое | on [о [№ | ww | M | 
ST1 

7 EN —End of Track. 

0 No error. 


1 DDFDC attempted to access a sector beyond the last 
sector of a track. 


ST1 

6 —Not Used. Aiways Zero. 
STi 

5 DE —Data Error. 

0 No error. 

1 DDFDC detected а CRC error in ID field or the Data field. 
ST1 


4 —Over Run. 

0 № еггог. 

1 DDFDC was not serviced by the system during data 
transfers, within a predetermined time interval. 


STI 

3 — №1 Used. Always Zero. 
$11 

2 ND — № Data. 

0 No error. 


1 3 possible errors. 


1. DDFDC cannot find sector specified in ID Register 
during execution of Read Data, Write Deleted Data or 
Scan commands. 


2. DDFDC cannot read ID field without an error during 
Read ID command. 


3. DDFDC cannot find starting sector during execution 
of Read a Track command. 
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571 
1 NW —Not Writabie. 
о Мо еггог. 
1 DDFDC detected a write protect signal from FDD during 
execution of Write Data, Write Deleted Data or Format 
a Track commands. 
ST1 
0 MA  -—Missing Address Mark. 


0 № егтог. 
1 2 possible errors. 


1. DDFDC cannot detect the ID Address Mark after 
encountering the index hole twice. 


2. DDFDC cannot detect the Data Address Mark ог 
Deleted Data Address Mark. The MD (Missing Address 
Mark in Data field) of Status Register 2 is also set. 


Status Register 2 (ST2) 


Gi ы 
ВЕ: | е | ка | чен; ем [вт мю 


572 

7 — №1 Used. Always Zero. 
$72 

6 CM —Controi Mark. 


0 № еггог, 

1 DDFDC encountered а sector which contained a Deleted 
Data Address Mark during execution of a Read Data, 
Read a Track, or Scan command, or which contained a 
Data Address Mark during execution of a Read Deleted 
Data command. 


572 
5 DD —Data Error in Data Fleid. 
0 No error. 
1 DDFDC detected a CRC error in the Data field. 


4 wT —Wrong Track. 

0 No error. 

1 Contents of T on the disk is different from that stored in 
IDR. Bit is related to ND (Bit 2) of Status Register 1. 


ST2 

3 SH —Scan Equal Hit. 

0 No “equal” condition during а scan command. 

1 "Equal" condition satisfied during a scan command. 
572 

2 SN —Scan Not Satisfied. 


0 № еггог. 
1 DDFDC cannot find a sector on the track which meets 
the scan command condition. 


ST2 

1 BT —Bad Track. 

0 No error. 

1 Contents of T on the disk is different from that stored in 
the IDR and T = FF. Bit is related to ND (Bit 2) of Status 
Register 1. 

ST2 
о мр —Missing Address Mark in Data Fieid. 
0 No error. 


1 ООРОС cannot find a Data Address Mark or Deleted Data 
Address Mark during a data read from the disk. 


Status Register 3 (ST3) 


7 | 6 5 4 3 2 [1 | о | 
FLT | МР | воу | ТАКО | TS | Ho 081 | uso | 


Status Register 3 (573) holds the results of the Sense Drive Status 
command. 


ST3 

7 АТ ғаш. 

0 Fault (FLT) signal from the РОО is low. 

1 Fault (FLT) signal from the FOD is high. 
ST3 

6 WP —wWrite Protect. 

0 Write Protect (WP) signal from the РОО is low. 

1 Write Protect (WP) signal from the FDD is high. 
ST3 

5 RDY  -—Ready. 

0 Ready (RDY) signal from the РОО is low. 

1 Ready (RDY) signal from the РОО is high. 
ST3 

4 ТАКО --Тгаск 0. 

0 Track 0 (ТАКО) signal from the РОО is low. 

1 Track 0 (ТВКО) signal is from the РОО is high. 
ST3 

3 TS —Two Side. 

о Two Side (TS) signal from the РОО is low. 

1 Two Side (TS) signal from the РОО is high. 
ST3 

2 HD —Head Seiect. 

о Head Select (HD) signal to the РОО is low. 

1 Head Select (HD) signal to the FOD is high. 
$73 

1 051 --Упй Select 1. 

0 Unit Select 1 (051) signal to the РОС is tow. 

1 Unit Select 1 (051) signal to the РОС is high. 
ST3 

0 050 —Unit Seiect 0. 

0 Unit Select 0 (USO) signal to the РОО is low. 

1 Unit Select 0 (US1) signal to the РОБ is high. 
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COMMAND SEQUENCE 


The ООҒОС is capable of performing 15 different commands. 
Each command is initiated by a rnulti-byte transfer of data from 
the system. After command execution, the result of the command 
may be а multi-byte transfer of data back to the system. Because 
of this multi-byte transfer of information between the DDFDC and 
the system, each command consists of three phases: 


Command Phase—The DDFDC receives all information 
required to perform a particular operation from the system. 


Execution Phase—The ООРОС performs the instructed 
operation. 


Resuit Phase--After completion of the operation, status and 
other housekeeping information are made available to the system. 


The bytes of data sent to the DDFDC to form a command, and 
read out of the DDFDC in the result phase, must occur in the 
order shown for each command sequence. Thatis, the command 
code byte must be sent first followed by the other bytes in the 
specified sequerice. All command bytes must be written and all 
result bytes must be read in each phase. After the last byte of 
data in the command phase is received by the DDFDC, the 
execution phase starts. Similarly, when the last byte of data is 
read out in the result phase, the command is ended and the 
ООРОС is ready to accept a new command. A command can 
be terminated by asserting the Terminal Count (TC) signal to 
the DDFDC. This ensures that the processor can always get the 
ООРОС’$ attention even if the command in process hangs up 
in an abnormal manner. 


COMMAND DESCRIPTION 


READ DATA 


A command set of nine bytes places the DDFDC into the Read 
Data mode. After the Read Data command has been received 
the DDFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the Specify command), then begins 
reading ID Address Marks and ID fields from the disk. When the 
current sector number (А) stored in the ID Register (IDR) matches 
the sector number read from the disk, the DDFDC transfers data 
from the disk Data field to the data bus. 


After completion of the read operation from the current sector, 
the DDFDC increments the Sector Number (В) by one, and the 
data from the next sector is read and output to the data bus. This 
continuous read function is called a ‘‘Multi-Sector Read Opera- 
tion." The Read Command terminates after reading the last data 
byte from sector R when В = EOT. STO bits 7 and 6 are set to 
0 and 1, respectively, and ST1 bit 7 (EN) is set to a 1. 


The Read Data command can also be terminated by a high 
Terminal Count (TC) signal. TC should be issued at the same 
time that the DACK for the last byte of data is sent. Upon receipt 
of TC, the DDFDC stops outputting data to the data bus, but con- 
tinues to read data from the current sector, checks CRC (Cyclic 
Redundancy Count) bytes, and then at the end of that sector ter- 
minates the Read Data command and sets bits 7 and 6 in STO 
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100. The amount of data which can be handled with a single com- 
mand to the DDFDC depends upon MT (Multi-Track), MF 
(МЕМ/ЕМ), and М (Number of Bytes/Sector) values. Table 3 shows 
the transfer capacity. 


The multi-track function (MT) allows the DDFDC to read data from 
both sides of the disk. For a particular track, data is transferred 
starting at sector 1, side 0 and completed at sector L, side 1 
(sector L = last sector on the side). This function pertains to only 
one track (the same track) on each side of the disk. 


When М = О in command byte 6 (FM mode), the Data Length 
(DTL) in command byte 9 defines the data length that the DDFDC 
must treat as a sector. If DTL Is smaller than the actual data 
length in a sector, the data beyond the DTL is not sent to the 
data bus. The DDFDC reads (internally) the complete sector, per- 
forms the CRC check, and depending upon the manner of com- 
mand termination, may perform a multi-sector Read operation. 
When N is non-zero (MFM mode), DTL has no meaning and 
Should be set to FF. 


At the completion of the Read Data command, the head is not 
unloaded until the Head Unload Time (HUT) interval defined in 
the Specify command has elapsed. The head settling time may 
be avoided between subsequent reads if the processor issues 
another command before the head unloads. This time savings 
is considerable when disk contents are copied from one drive to 
another. 


If the DDFDC detects the index Hole twice in succession without 
finding the right sector (indicated in R), then the DDFDC sets the 
No Data (ND) flag in Status Register 1 (ST1) to a 1, sets Status 
Register 0 (STO) bits 7 and 6 to 0 and 1, respectively, and ter- 
minates the Read Data command. 


After reading the ID and Data fields in each sector, the DDFDC 
checks the CRC bytes. If a read error is detected (incorrect CRC 
in ID field), the DDFDC sets the Data Error (DE) flag in ST1 to 
a 1, sets the Data Error in Data Field (DD) flag in ST2 to a 1 if 
a CRC error occurs in the Data field, sets bits 7 and 6 in STO 
to 0 and 1, respectively, and terminates the command. 
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If the DDFDC reads a Deleted Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit in the first command 
byte is not set (SK » 0), then the DDFDC reads all the data in 
the sector, sets the Control Mark (CM) flag in ST2 to a 1, and 
terminates the command. If SK = 1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark and reads the next sec- 
tor. The CRC bits in the deleted data field are not checked when 
SK x 1. 


During disk data transfers from the DDFDC to the system, the 
DDFDC must be serviced by the system within 27 из in the FM 
mode, and within 13 ys in the MFM mode, otherwise the DDFDC 
sets the Over Run (OR) flag in ST1 to a 1, sets bits 7 and 6 in 
STO to 0 and 1, respectively, and terminates the command. 


If the processor terminates a read (or write) operation in the 
DDFDC, then the ID information in the result phase is dependent 
upon the state of the MT bit in the first command byte and the 
End of Track (EOT) byte. Table 4 shows the values for Track 
Number (T), Head Number (H), Sector Number (R), and Number 
of Data Bytes/Sector (N), when the processor terminates the 
command. 


Command Ка 


ат [аи у Геге 
w pe а | оо 
ЕНБ 


Тгаск Митрег (Т) 


Head Number (Н) 


EN Sector Number (R) 


Number of Data Bytes per Sector (N) 
7 End of Track (EOT) 


| 8 | Gap Length (GPL) 


Data Length (DTL) 


Table 3. DDFDC Transfer Capacity 
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Muiti-Track MFM/FM Bytes/Sector Maximum Transfer Capacity Finai Sector Read 
(мт) (MF) (н) (Bytes/Sector) (Number of Sectors) from De | 
0 0 00 (128) (26) = 3,328 26 at Side 0 
0 1 01 (256) (26) = 6,656 or 26 at Side 1 
1 0 00 (128) (52) = 6,656 | 
1 1 01 (256) (52) = 13,312 26 at Side 1 = 
0 0 01 (256) (15) = 3,840 15 at Side 0 
0 1 02 (512) (15) = 7,680 or 15 at Side 1 
1 0 (256) (30) = 7,680 | 
1 1 (512) (30) = 15,360 15 at Side 1 
0 0 (512) (B - 4,096 8 at Side 0 
0 1 (1024) (8) = 8,192 or B at Side 1 
0 (512) (16) = 8,192 | 
1 (1024) (16) = 16,384 8 at Side 1 
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Table 4. DDFDC Command Termination Values 


Command Phase ID Result Phase ID 
Multi- Head Final Sector Transterred Track Head Sector No. of 
Track Number to/from Data Bus Number Number Number Data Bytes 
(MT) | (ну | | (Т) (н) (R) (N) 
о Less than EOT Nc Nc R+1 NC 
: | ЕЖЕН кке 
0 Equal to EOT Т+1 Nc 01 NC 
o жек Less than ЕОТ ме | Nc | Rai | NC 
1 Equal to EOT T+1 NC 01 Nc 
|, s |__ ы 
" 0 Less than EOT NC NC в +1 NC 
ý Adi ' Bj 
0 Equal to EOT NC LSB 01 NC 
у L jad Бек РЕЯ 
1 | 1 Less than EOT NC Nc R+1 NC 
ЖЕР | is Р 
1 Equal to EOT Т+1 LSB 01 NC 
Notes: 
1. NC (No Change): The same value as the one at the beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit of H is complemented. 


Result Phase: 


R 1 Status Register 0 (STO) 


Status Register 1 (ST1) 
Status Register 2 (ST2) 


Head Number (H) 
Sector Number (R) 


2 
3 
4 Track Number (Т) 
5 
6 


Number of Data Bytes per Sector (N) 


WRITE DATA 


A command set of nine bytes places the DDFDC in the Write Data 
mode. After the Write Data command has been received the 
DDFDC loads the head (if it is unloaded), waits the specified Head 
Settling Time (defined in the Specify command), then begins 
reading ID fields from the disk. When the four bytes (T, H, R, N) 
loaded during the command match the four bytes of the ID field 
from the disk, the DDFDC transfers data from the data bus to 
the disk Data field. 


After writing data into the current sector, the DDFDC increments 
the sector number (R) by one, and writes into the Data field in 
the next sector. The DDFDC continues this multi-sector write 
operation until the last byte is written to sector Н when А = EOT. 
STO bits 7 and 6 are set to 0 and 1, respectively, and ST1 bit 
7 (EN) is set to a 1. 


The command can also be terminated by a high on Terminal 
Count (TC). И TC is sent to the DDFDC while writing into the 
current sector, then the remainder of the Data field is filled with 
00 (zeros). In this case, STO bits 7 and 6 are set to 0 and the 
command is terminated. 


The DDFDC reads the ID field of each sector and checks the 
CRC bytes. If the DDFDC detects a read error (incorrect CRC) 
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in one of the ID fields, it terminates the Write Data command, 
sets the DE flag in ST1 to a 1, and sets bits 7 and 6 in STO to 
0 and 1, respectively. 


The Write Data command operates in much the same manner 
as the Read Data command. Refer to the Read Data command 
for the handling of the following items: 


* Transfer Capacity 

* End of Track (EN) flag 

* No Data (ND) flag 

* Head Unload Time (HUT) interval 

* ID information when the processor terminates command 
(see Table 4) 

* Definition of Data Length (DTL) when М = О and when М = 0 


In the Write Data mode, data transfers from the data bus to the 
DDFDC must occur within 27 us in the FM mode, and within 13 us 
in the MFM mode. If the time interval between data transfers is 
longer than this, then the DDFDC terminates the Write Data com- 
mand, sets the Over Run (OR) flag in ST1 to a 1, and sets bits 
7 and 6 in STO to О and 1, respectively. 

R/W BYTE 


ЖЕ 5 а[»| 2 | 110 
w т [м [м [о IN 1 
| 2 |x |x | x [х |х | но | ust | uso 
3 | Track Number (Т) | 


F -t 
4 Head Number (H) 


Command Phase: 


5 Sector Number (R) 


6 Number of Data Bytes per Sector (N) 
7 End of Track (EOT) | 

8 | Gap Length (СРО 

9 Data Length (DTL) 
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Result Phase: 


| v [бешенеси | 
и 
EN 
EN 


Status Register 1 (ST1) 
[ s на итн н 
[e [sewwmem | 


WRITE DELETED DATA 


The Write Deleted Data command is the same as the Write Data 
command except a Deleted Data Address Mark is written at the 
beginning of the Data field instead of the normal Data Address 
Mark. 


Command Phase: 


Track Number (T) 

Head Number (H) 

Sector Number (R) 

Number of Data Bytes per Sector (N) 
Gap Length (GPL) 

Data Length (DTL) 


Status Register 0 (STO) 
Status Register 1 (ST1) 
Status Register 2 (572) 
Track Number (T) 

Head Number (H) 

Sector Number (R) 
Number of Data Bytes per Sector(N) 


READ DELETED DATA 


The Read Deleted Data command is the same as the Read Data 
command except that if SK = 0 when the DDFDC detects a Data 
Address Mark at the beginhing of a Data field, it reads all the 
data in the sector and sets the CM flag in ST2 to a 1, and then 
terminates the command. If SK = 1, then the DDFDC skips the 
sector with the Data Address Mark and reads the next sector. 


Command Phase: 


End of Track (EOT) 
Gap Length (GPL) 
Data Length (DTL) 


Result Pha 


READ A TRACK 


The Read а Track command is similar to the Read Data com- 
mand except that this is a continuous read operation where all 
Data fields from each of the sectors on a track are read and 
transferred to the data bus. Immediately after encountering the 
Index Hole, the DDFDC starts reading the Data fields as con- 
tinuous blocks of data. This command terminates when the 
number of sectors read is equal to EOT. Multi-track operations 
are not allowed with this command. 


If the DDFDC finds an error in the ID or Data CRC check bytes, 
it continues to read data from the track. The DDFDC compares 
the ID information read from each sector with the value stored 
in the IDR, and sets the ND flag in ST1 toa 1 ifthere is no match. 


If the DDFDC does not find an ID Address Mark on the disk after 
it encounters the Index Hole for the second time it terminates the 
command, sets the Missing Address Mark (MA) flag in ST1 to 
8 1, and sets bits 7 and 6 of STO to 0 and 1, respectively. 
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Command Phase: 


0 
E 
Track Number (T) 
Head Number (H) 
Sector Number (R) 

Number of Data Bytes per Sector (N) 
| End of Track (EOT) 
Gap Length (GPL) 
Data Length (DTL) 


Result Phase: 
R 


Status Register O (STO) 


1 

2 | Status Register 1 (ST1) 
3 Status Register 2 (ST2) 
4 Track Number (T) 
5 

6 

7 


Head Number (H) 
Sector Number (R) 


Number of Data Bytes per Sector (N) 


READ ID 


The two-byte Read ID command returns the present position of 
the read/write head. The DDFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to 0 and ter- 
minates the command. 


If no proper ID Address Mark is found on the disk before the Index 
Hole is encountered for the second time then the Missing Address 
Mark (MA) flag in ST1 is set to a 1, and if no data is found then 
the ND flag in ST1 is also set to a 1. Bits 7 and 6 in STO are set 
to 0 and 1, respectively and the command is terminated. 


During this command there is no data transfer between DDFDC 
and the data bus except during the гезий phase. 


Command Phase; 


RW | BYTE | 4 |3 о 
1 12 МЕ 0 0 
2 х |х | но ЗЕ ка 050 


м 
Result Phase: 
R 1 


Status Register 0 (STO) 


2 | Status Register 1 (571) 
3 Status Register 2 (ST2) 
4 Track Number (Т) 
5 
6 
7 


| Head Number (Н} 
Sector Number (А} 
| Number of Data Bytes per 


Sector (N) 
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FORMAT A TRACK 


The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded in either 
the double-density IBM System 34 format (MF = 1) or the single- 
density IBM 3740 format (MF = 0). The particular format written 
is also controlled by the values of Number of Bytes/Sector (М), 
Sectors/Track (ST), Gap Length (СІРІ) and Data Pattern (0) which 
are supplied by the processor during the command phase. The 
Data field is filled with the data pattern stored in D. 


The ID field for each sector is supplied by the processor т 
response to four data requests per sector issued by the DDFDC. 
The type of data request depends upon the Non-DMA flag (ND) 
in the Specify command. In the DMA mode (ND = 0), the DDFDC 
asserts the DMA Request (DRQ) output four times per sector. 
In the Non-DMA mode (ND = 1), the DDFDC asserts Interrupt 
Request (INT) output four times per sector. 


The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number (Т), 
Head Number (H), Sector Number (R) ancl Number of Bytes/ 
Sector (N). This allows the disk to be formatted with non- 
sequential sector numbers, if desired. 


The processor miust send new values for T, H, R, and N to the 
DDFDC for each sector on the track. For sequential formatting 
R is incremented by one after each sector is formatted, thus, R 
contains the total numbers of sectors formatted when it is read 
during the result phase. This incrementing and formatting con- 
tinues for the whole track until the DDFDC, upon encountering 
the Index Hole for the second time, terminates the command and 
sets bits 7 and 6 in STO to 0. 


If the Fault (FLT) signal is high from the FDD at the end of a write 
operation, the DDFDC sets the Equipment Check (EC) flag in STO 
to a 1, sets bits 7 and 6 of STO to 0 and 1, respectively, and ter- 
minates the command. Also, a low (RDY) signal at the beginning 
of a command execution phase causes bits 7 and 6 of STO to 
be set to 0 and 1, respectively. 


Table 5 shows the relationship between N, ST, and GPL for 
various disk and sector sizes. 


Command Phase: 


RW | BYTE Dru t Го 
ГЕНЕ аша 1 

x | x | x [x H- 555 
Number of Bytes per Sector (М) 
Sectors per Track (ST) 


Gap Length (GPL) 
Data Pattern (D) 
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Table 5. Standard Floppy Disk Sector Size Relationship 
No. of Data 
Disk Sector Slze Bytes/Sector Read/Write 
Size Mode Bytes/Sector (N) Command! 
128 00 1A 07 IBM Disk 1 
256 01 OF ОЕ IBM Disk 2 
ЕМ 512 02 08 18 
1024 03 04 47 
2048 04 02 Св 
4096 05 01 
8" 256 01 ТА IBM Disk 2D 
512 02 OF 18 
3 1024 03 08 35 IBM Disk 2D 
MFM 2048 04 


4096 


574" 


256 01 10 
512 02 08 

3 
MEM 1024 03 04 
2048 04 02 
4096 05 01 


Notes: 

1. Suggested values of GPL in Read or Write commands to avoid overlapping between Data field and ID field of contiguous sections. 
2. Suggested values of GPL in Format a Track command. 

3. In MFM mode the DDFDC cannot perform a read/write/format operation with 128 bytes/sector (N = 00). 

4. Values of ST and GPL are in hexadecimal. 


1 


the sector number is incremented (А + STP — В), and the scan 
operation is continued. The scan operation continues until one 
of the following events occur: the conditions for scan are met 
(equal, low or equal, or high or equal), the last sector on the track 
is reached (ЕОТ), or TC is received. 


Result Phase: 

R Status Register 0 (STO) 
Status Register 1 (ST1) 
Status Register 2 (ST2) 


Track Number (T)* 


Head Number (H)* 


Sector Number (R)* 
7 Number of Data Bytes per Sector (N)* 


If conditions for scan are met, the DDFDC sets the Scan Hit (SH) 
flag in ST2 to a 1, and terminates the command. If the condi- 
tions for scan are not met between the starting sector (as specified 
by R) and the last sector on the track (EOT), then the DDFDC 
sets the Scan Not Satisfied (SN) flag іп ST2 to а 1, and terminates 
the command. The receipt of TC from the processor or DMA con- 
troller during the scan operation will cause the DDFDC to com- 
plete the comparison of the particular byte which is in process, 
and then to terminate the command. Table 6 shows the status 
of bits SH and SN under various conditions of scan. 


* The ID information has no meaning in this command. 


SCAN COMMANDS 


The scan commands compare data read from the disk to data 
supplied from the data bus. The DDFDC compares the data, and 


looks for a sector of data which meets the conditions of Depp = 
Deus: Drop = Degus. ог Depp = Degus (D = the data pattern in 
hexadecimal). А magnitude comparison is performed (FF = 
largest number, 00 = smallest number). The hexadecimal byte 
of FF either from the bus or from FDD can be used as a mask 
byte because it always meets the condition of the compare. After 
a whole sector of data is compared, if the conditions are not met, 
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If SK = 0 and the DDFDC encounters a Deleted Data Address 
Mark on one of the sectors, it regards that sector as the last sec- 
tor of the track, sets the Control Mark (CM) bit in ST2 to a 1 and 
terminates the command. If SK = 1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark, sets the CM flag to a 
1 in order to show that a Deleted Sector has been encountered, 
and reads the next sector. 
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Table 6. Scan Status Codes 


Status Register 2 
Command Comments 
Bit 2 = SN Bit 3 = SH 
9 1 Depo = Deus 
Scan Equal 
ч 1 0 А Depp = Deus 
0 | 1 Drop = Deus 
Scan Low or Equal 0 | 0 Drop < Deus 
1 | 0 " Оғор > Deus 
0 1 Depo = Deus 
Scan High or Equat 0 0 Depo > Degus 
1 0 а Deno < Deus 


When either the STP sectors are read (contiguous sectors = 01, 
or alternate sectors = 02) or MT (Multi-Track) is set, the last sec- 
tor on the track must be read. For example, if STP = 02, MT 
= 0, the sectors are numbered sequentially 1 through 26, and 
the scan command starts reading at sector 21. Sectors 21, 23, 
and 25 are read, then the next sector (26) is skipped and the Index 
Hole is encountered before the EOT value of 26 can be read. 
This results in an abnormal termination of the command. If the 
EOT had been set at 25 or the scanning started at sector 20, then 
the scan command would be completed in a normal manner. 


During a scan command data is supplied from the data bus for 
comparison against the data read from the disk. In order to avoid 
having the Over Run (OR) flag set in ST1, data must be available 
from the data bus in less than 27 „5 (FM mode) ог 13 из (MFM 
mode). № an OR occurs, the DDFDC terminates the command 
and sets bits 7 and 6 of STO to 0 and 1, respectively. 


The following tables specify the command bytes and describe 
the result bytes for the three scan commands. 


SCAN EQUAL 


Command Phase: 
R/W BYTE 
м 


ИЕНІ 


3| 2 
olo 


Track Number (T) 
Head Number (H) 


Sector Number (R) 


Number of Data Bytes per Sector (N) 
End of Track (EOT) 
Gap Length (GPL) 

Sector Test Process (STP) 
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Result Phase: 
R 


Status Register 0 (STO) 
Status Register 1 (ST1) 
Status Register 2 (ST2) 
Track Number (Т) 
Head Number (Н) 
Sector Number (В) 


tn 


ке 


Number of Data Bytes рег Sector (М) 


SCAN LOW OR EQUAL 


Command Phase: 
R/W BYTE | 7 | 6 0 


уу 1 МТ | МЕ 1 0 0 1 
ШІ TOCAR 

3 Track Number (Т) 

4 Head Number (Н) 

5 Sector Number (В) 

6 Number of Data Bytes per Sector (N) 

7 End of Track (ЕОТ) 


8 Gap Length (GPL) 
9 Sector Test Process (STP) 


R 1 Status Register 0 (STO) 
2 Status Register 1 ($71) 
3 Status Regíster 2 (ST2) 
4 Track Number (T) 


5 Head Number (H) 
6 Sector Number (А) 


7 Number of Data Bytes рег Sector (М) 
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SCAN HIGH OR EQUAL 


Command Phase: 


7 End of Track (EOT) 


Gap Length (GPL) 


Sector Test Process (STP) 


Result Phase: 


ЕШ Status Register 0 (STO) 


Status Register 1 (ST1) 
Status Register 2 (ST2) 


Track Number (Т) 


Head Number (H) 


Sector Number (R) 
Number of Data Bytes per Sector (N) 


SEEK 


The three-byte Seek command steps the FDD read/write head 
from track to track. The DDFDC has two independent Present 
Track Registers for each drive. They are cleared only by the 
Recalibrate command. The DDFDC compares the Present Track 
Number (PTN) which is the current head position with the New 
Track Number (NTN), and if there is a difference, performs the 
following operation: 


if PTN < NTN: Sets the direction output (LCT/DIR) high 
and issues step pulses (FR/STP) to the FDD 
to cause the read/write head to step in. 

Ё РТМ > NTN: Sets the direction output (LCT/DIR) low and 
issues step pulses to the FDD to cause the 
read/write head to step out. 


The rate at which step pulses are issued is controlled by the Step 
Rate Time (SHT) in the Specity command. After each step pulse 
is issued, МТМ is compared against РТМ. When МТМ = РТМ, 
then the Seek End (SE) flag in STO is set to a 1, bits 7 and 6 
in STO are set to 0, and the command is terminated. At this point 
DDFDC asserts INT. 


The РОО Busy flag (bit 0-3) in the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set 
to a 1. 


After command termination, all FDD Busy bits set are cleared by 
the Sense Interrupt Status command. 
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During the command phase of the Seek operation the DDFDC 
sets the Controller Busy (CB) flag in the MSR to 1; but during 
the execution phase the CB flag is set to 0 to indicate DDFDC 
non-busy. While the DDFDC is in the non-busy state, another 
Seek command may be issued, and in this manner parallel seek 
operations may be performed on all drives at once. 


No command other than Seek will be accepted while the DDFDC 
is sending step pulses to any FDD. If a different command type 
is attempted, the DDFDC will set bits 7 and 6 in STO to a 1 and 
0, respectively, to indicate an invalid command. 


if the FDD is in a not ready state at the beginning of the com- 
mand execution phase or during the seek operation, then the 
DDFDC sets the Not Ready (NR) flag in STO to a 1, sets STO 
bits 7 and 6 to 0 and 1, respectively, and terminates the command. 


If the time to write the three bytes of the Seek command exceeds 
150 us, the time between the first two step pulses may be shorter 
than the Step Rate Time (SRT) defined by the Specify command 
by as much as 1 ms. 


Command Phase: 


| з | New Track Number (NTN) 


Result Phase: None. 


RECALIBRATE 


This two-byte command retracts the FDD read/write head to the 
Track 0 position. The DDFDC clears the contents of the РТМ 
counters, and checks the status of the Track 0 signal from the 
РОО. As long as the Track 0 signal (ТАКО) is low, the direction 
signal (LCT/DIR) output remains low and step pulses are issued 
on FR/STP. When TRKO goes high the DDFDC sets the Seek 
End (SE) flag in STO to a 1 and terminates the command. If the 
TRKO is still low after 256 step pulses have been issued, the 
ООРОС sets Seek End (SE) and Equipment Check (EC) flags in 
STO to 1s, sets bits 7 and 6 of STO to 0 and 1, respectively, and 
terminates the command. 


The abllity to do overlap Recalibrate commands to multipie FDDs 
and the loss of the RDY signal, as described in the Seek com- 
mand, also applies to the Recalibrate command. 


Command Phase: 


Result Phase: None. 
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SENSE INTERRUPT STATUS 


Interrupt Request (INT) is asserted by the DDFDC when any of 
the following conditions occur: 


1. Upon entering the result phase of: 
. Read Data command 
. Read a Track command 
. Read ID command 
. Read Deleted Data command 
. Write Data command 
Format a Track command 
. Write Deleted Data command 
. Scan commands 
Ready (RDY) line from the FDD changes state 
Seek or Recalibrate command termination 
4. During execution phase in the Non-DMA mode 


тю >-oaoun 


өм 


INT caused by reasons 1 and 4 above occur during normal 
command operations and are easily discernible by the processor. 
During an execution phase in Non-DMA mode, bit 5 in the MSR 
is set to 1. Upon entering result phase this bit is set to 0. Reasons 
тапа 4 do not require the Sense Interrupt Status command. The 
interrupt is cleared by reading or writing data to DDFDC. Inter- 
tupts caused by reasons 2 and 3 are identified with the aid of 
the Sense Interrupt Status command. This command resets INT 
and sets/resets bits 5, 6, and 7 of STO to identify the cause of 
the interrupt. Table 7 defines the seek and interrupt codes. 


Neither the Seek or Recalibrate command has a result phase. 
Therefore, it is mandatory to use the Sense Interrupt Status com- 
mand after these commands to effectively terminate them and 
to verify where the head is positioned by checking the Present 
Track Number (PTN). 


Issuing a Sense Interrupt Status command without an interrupt 
pending is treated as an invalid command. 


Command Phase: 


ам |вутеј|7 [е [5 |ајз[2| 1] o 
w 1 о [о [о [ото [о 0 


Result Phase: 
AE 
R 1 Status Register 0 (STO) 


2 Present Track Number (PTN) 
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SPECIFY 


The three-byte Specify command sets the initial values for each 
of the three internal timers. The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the 
read/write commands td the head unload state. This timer is 
programmable from 16 to 240 ms in increments of 16 ms 
(t = 16 ms, 2 = 32 ms,. ..F = 240 ms). 


The Step Rate Time (SRT) defines the time interval between 
adjacent step pulses. This timer is programmable from 1 to 
16ms inincrements of 1ms (F=1 ms, E=2 ms, 
D23ms,...02 16 ms) 


The Head Load Time (HLT) defines the time between the Head 
Load (HDL) signal going high and the start of the read/write 
operation. This timer is programmable from 2 to 254 ms in 
increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 т5,... 
7F = 254 ms). 


The time intervals are a direct function of the clock (CLK on pin 19). 
Times indicated above are for an 8 MHz clock. If the clock is 
reduced to 4 MHz (mini-floppy application) then all time intervals 
are increased by a factor of two. 


The choice of DMA or Non-DMA operation is made by the Non- 


ОМА mode (ND) bit. When this bit = 1 the Non-DMA mode is 
selected, and when ND = 0 the ОМА тосе is selected. 


Command Phase: 


нм [|eve|z]e[s]sls|2[* | o 
w то | о (о ооо [т |1 
г | SRT HUT 

з | нт | ND 


ЗАТ — Step Rate Time 
HUT — Head Unload Time 
HLT — Head Load Time 
ND — Non-DMA mode 


Result Phase: None. 


Table 7. STO Seek and Interrupt Code Definition for Sense Interrupt Status 


Status Register 0 (STO) Bits 


Interrupt Code (IC) | Seek End (SE) 


Cause 
7 | 6 5 
1 | 1 | 0 RDY те changed state, either polarity 
о | о | 1 | Normal termination of Seek or Recalibrate command 
0 | 1 | 1 | Abnormal termination of Seek or Recalibrate command 
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SENSE DRIVE STATUS 


This two-byte command obtains and reports the status of the FDDs. 
Status Register 3 (ST3) is returned in the result phase and con- 
tains the drive status. 


ES A Phase: 


o ROOD ојој | о | о] 
x x [x [vo [ust [ws | 


Result Phase: 
R 1 


Status Reglster 3 (ST3) 


INVALID COMMAND 


If an invalid command (i.e., a command not previously defined) 
is received by the DDFDC, then the DDFDC terminates the com- 
mand after setting bits 7 and 6 of STO to 1 and 0, respectively. The 
DDFDC does not generate an interrupt during this condition. Bits 
бапа 7 (DIO and ROM) in the MSR are both set to a 1 indicating 
to the processor that the DDFDC is in the result phase and that 
STO must be read. A hex 80 in STO indicates that an invalid com- 
mand was received. 


A Sense Interrupt Status command must be sent after a Seek or 
Recalibrate interrupt, otherwise the DDFDC considers the next 
command to be an invalid command. 


In some applications the user may wish to use this command as 
a No-Op command, to place the DDFDC in a standby or no opera- 
tion state. 


Command Phase: 


LT BYTE 


ЕЗІНЕ 


Invalid Codes 


Result Phase: 
ШЕ [ 1 | Status Register 0 (STO) = 80 | 


PROCESSOR INTERFACE 


During the command or result phases, the Main Status Register 
(MSR) must be read by the processor before each byte of infor- 
mation is transferred to, or from, the DDFDC Data Register. After 
each byte of data is written to, or read from, the Data Register, 
the processor should wait 12 „s before reading the MSR. Bits 6 
and 7 in the MSR must be a 0 and 1, respectively, before each 
command byte can be written to the DDFDC. During the result 
phase, bits 6 and 7 of the MSR must both be 1s prior to reading 
each byte from the Data Register onto the data bus. Note that 
this status reading of bits 6 and 7 of the MSR before each byte 
transfer to and from the DDFDC is required in only the command 
and result phases and not during the execution phase. 
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During the result phase all bytes shown in the result phase must 
be read by the processor. The Read Data command, for example, 
has seven bytes of data in the result phase. All seven bytes must 
be read to successfully complete the Read Data command. The 
DDFDC will not accept a new command until all seven bytes have 
been read. Other commands may require fewer bytes to be read 
during the result phase. 


INTERRUPT REQUEST MODE 


During the execution phase, the MSR need not be read. The 
receipt of each data byte from the FDD is indicated by INT high 
on pin 18. When the DDFDC is in Non-DMA mode, INT is asserted 
during the execution phase. When the DDFDC is in the DMA 
mode, INT is asserted at the result phase. The INT signal is reset 
by a read (RD low) or write (WR low) of data to the DDFDC. 
A further explanation of the INT signal is described in the Sense 
Interrupt Status command on page 16. If the system cannot 
handle interrupts fast enough (within 13 us for MFM mode or 27 ps 
for FM mode), it should poll bit 7 (RQM) in the MSR. In this case, 
ROM in the MSR functions as an Interrupt Request (INT). If the 
ROM bit is not set, the Over Run (OR) flag in ST1 will be set to 
a 1 and bits 7 and 6 of STO will be set to a O and 1, respectively. 


DMA MODE 


When the DDFDC is in the DMA mode (ND = О in the third com- 
mand byte of the Specify command), DRQ (DMA Request) is 
asserted during the execution phase (rather than INT) to request 
the transfer of a data byte between the data bus and the DDFDC. 


During a read command, the DDFDC asserts DRQ as each byte 
of data is available to be read. The DMA controller responds to 
this request with DACK low (DMA Acknowledge) and RD low 
(read). When РАСК goes low the DMA Request is reset (DRQ 
low). After the execution phase has been completed (TC high or 
the EOT sector is read), INT is asserted to indicate the begin- 
ning of the result phase. When the first byte of data is read dur- 
ing the result phase, INT is reset low. 


During a write command, the DDFDC asserts ОНО as each byte 
of data is required. The DMA controller responds to this request 
with DACK (DMA Acknowledge) and WR low (write). 
When DACK goes low the DMA Request is reset (DRQ low). After 
the execution phase has been completed (TC high or the EOT 
sector is written), INT is asserted. This signals the beginning of 
the result phase. When the first byte of data is read during the 
result phase, the INT is reset low. 


FDD POLLING 


After the Specify command has been received by the DDFDC, 
the Unit Select lines (USO and US1) begin the polling mode. 
Between commands (and between step pulses in the Seek Com- 
mand) the DDFDC polls all the FDD's looking for a change in 
the RDY line from any of the drives. If the RDY line changes state 
(usually due to the door opening or closing) then the DDFDC 
asserts INT. When Status Register 0 (STO) is read (after Sense 
Interrupt Status command is issued), Not Ready (NR = 1) will 
be indicated. The polling of the RDY line by the DDFDC occurs 
continuously between commands, thus notifying the processor 
which drives are on- or off-line. Each drive is polled every 1.024 ms 
except during read/write commands. 
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DATA IN/OUT 

(DIO) 

(MSR BIT 6) 

REQUEST 

FOR MASTER 
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(МЅА ВІТ 7) | 
| 


WRITE (WR) 


| READY 


READ (RD) 
| 
NOTES 


[A] DATA REGISTER READY TO BE WRITTEN INTO 
DATA REGISTER NOT READY TO BE WRITTEN INTO 


FROM DATA BUS ТО DDFDC 


[c] 
[9] 


FROM DDFDC TO DATA BUS 


READY |! 
| | (Г! 
нот | | 
| 
| 


71 


Бе кін ыны 


DATA REGISTER READY FOR NEXT DATA BYTE ТО ВЕ READ 
DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ 
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Figure 3. 


ООРОС and System Data Transfer Timing 
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Ao, CS, БАСК 


INT 


Figure 6. Read Cycle Timing 


A0, CS, DACK | | 


DATA IN 
00-07 


INT 


Figure 7. Write Cycle Timing 
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DRQ 


DACK 


WRITE CLOCK 


(WCK) a 


WRITE ENABLE 
(WE) 


PRESHIFT 0 OR 1 
(PS0, PS1) 


WRITE DATA 
(WDA) 


—i 
Figure 9. РОО Write Operation Timing 
READ DATA (RDD) 
READ DATA WINDOW (RDW) 
NOTE: 
EITHER POLARITY DATA WINDOW IS VALID 
| 


Figure 10. РОО Read Operation Timing 
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050, 051 


__ SEEK 
(RW/SEEK) 


DIRECTION 
(LCT/DIR) 


STEP 
(FR/STP) 


Figure 11. 


Seek Operation Timing 


| 


FAULT RESET 
(FR) 


(а) 


INDEX 
(IDX) 


Figure 12. Fault Reset Timing 


Figure 13. Index Timing 


TERMINAL COUNT 
(TC) | | 


— —@ 


! | 
RESET f Y 
(RST) 
| үч 
р | 


= ee 


Figure 14. Terminal Count Timing 


Figure 15. Reset Timing 


INPUT/OUT TEST POINT 


24 


2.0V 2.0V 


0.8У __0.8У 


0.459 


INPUTS ARE DRIVEN АТ 2.4V FOR A LOGIC “1” АМО 0.45 У FOR 
A LOGIC “0: TIMING MEASUREMENTS ARE MADE АТ 2.0V FOR 
А LOGIC “1” AND 0.8V FOR А LOGIC “07 


CLOCK TEST POINT 


T 
0.3V 0.65У 0.65У 


CLOCKS ARE DRIVEN АТ 3.0\ FOR A LOGIC “1” АМО 0.3V FOR A 
LOGIC "0 TIMING MEASUREMENTS ARE MADE АТ 2.4У FORA 
LOGIC “1” AND 0.65V FOR A LOGIC “0” 


Figure 16. AC Timing Measurement Conditions 
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AC CHARACTERISTICS 
(Veo = 50 Мас +5%, Vss = 0 Vde, Та = 0°C to 70°C) 


Characteristic Ait. Sym. 
Clock Period 
5 Clock High, Low Width 
Clock Rise Time 
Clock Fall Time 
6 | RD High to А0, CS, РАСК Invalid (Hold) 
7 | RD Low Width 
6 8 RD Low to Data Valid (Access) C, = 100 pF 
RD High to Output High 2 innpz 
RD High to INT High tRHIH lai 
11 | A0, CS, DACK Valid to WR Low (Setup) (ЖТА 
12 | МА High to А0, CS, РАСК Invalid (Hold) нен МА 0 - - ns 
13 | WR Low Width Ман | tww 250 = - ns 
150 = = 5 
7 
—— 
8 CLK = 8 MHz 
m DRO High to RD Low (Delay) (она. 
РАО High to WR Low (Delay) {они 
21 | МСК Сусе Тіте Аксу | 
| 22 | WCK High Width ne 
23 | WCK Rise Time 'kLkH 
9 24 | WCK Fall Time uk 
| 25 | WCK High to PSO, PS1 Valid (Delay) ЫРУ 
26 | PSO, PS1 Valid to WDA High (Delay) lpvDH 
27 | WDA High Width іно. 
L 28 | WE High to WCK High ог WE Low to WCK Low | ТЕнкн 
30 | RDW Cycle Time буусу 
iO aa т ag = 
маћ 
| e awi 
33 | RDD High Width Кана. 
35 | USO, 051 Valid to SEEK High (Setup) tuvsH 
36 | SEEK Low to USO, 051 Invalid (Hold) [И 
37 | SEEK High to DIR Valid (Setup) tsHov 
,, [38 [ DIR Invalid to SEEK Low (Hold) T tms. | tos 30 = n 8E Паровые 
39 | DIR Valid to STP High (Setup) tovrü ins _| 1 = = m 
| 40 | STP Low to DIR Invalid (Hold) | mox | ts 24 = = "m | 
41 | STP Low to USO, 51 Invalid (Hold) trux tsty 5 = - us 
42 | STP High Width tuni iste 6 7 = в | 
| 43 | STP Cycle Time troy tsc 333 — поје 3 pS 
12 | 44 | FR High Width ЕНЕС irn 8 | = 10 m 
13 | 45 | IDX High Width tua. бох 10 — - 
F^ = s 
14 46 | TC High Width | tre | 1 | - | — 
15 | 47 | RST High Width Кана. tast 14 - — toy 
Notes: 
1. МЕМ Мит Standard 2. For MFM = 0: Тур. = 2 xs 
For MFM = 1: Тур. = 14s 
0 4 us 2 s 3. tsc = 33 ив min. is for different drive units. In the case of the same unit, 
1 2 us 1,5 | іс can range from 1 ms to 16 ms with 8 MHz clock period, and 2 ms 
to 32 ms with 4 MHz clock, under software control. 
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ABSOLUTE MAXIMUM RATINGS* 


ES Parameter Symboi Vaiue Unit 
Supply Voltage Voc -0.3% «€ 7.0 V 


input Voltage Мм. 
Шы = 


Output Voltage Vout -O3to «70 | V 


Oto +70 ce reliability. 
-55 to +150 | С° 


Operating Temperature Range ТА 


Storage Temperature Range Tsta 
OPERATING CONDITIONS 
Parameter Range | 
Усс Power Supply 5.0V + 5% 
Operating Temperature | 0°C to 70°С 
DC CHARACTERISTICS 


(Voc = 50 Мас +5%, Vss = 0 Мас, Т, = 0°C to 70°C, unless otherwise noted) 
- 


“МОТЕ: Stresses above those listed under ABSOLUTE МАХІ- 
MUM RATINGS may cause permanent damaige to the device. This 
is a stress rating only and functional operation of the device at 
-0310 470 | V these or any other conditions above those indicated in other sec- 
tions of this document is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect device 


Parameter Symboi | Min Max Unit Test Conditions 
Input Low Voltage Vit M 
Logic -05 08 
CLK and WCK -05 0.65 
| j— == 
Input High Voltage Vin у 
Logic 20 Мос + 05 
CLK апа МСК 24 Voc + 05 
Output Low Voltage VoL 0.45 Мс = 475V, lg, = 20 mA 
| Output High Voltage Vou Ш 2.4 Voc M Vec = 4.75М он = -200 pA 
~ 
Усс Supply Current loc LE 150 тА Voc = 4.75У 
Input Load Current li. 10 pA Vin = Усс 
All Inputs -10 ҺА Vin = OV 
High Level Output Leakage Current он 10 pA Voc = OV to 5.25V, Vss = ОМ 
Vout = Мос 
4 
Low Level Output Leakage Current Іш -10 ҺА Voc = OV to 5.25V, Vas = OV 
Vout = +0.45V 
Internal Power Dissipation | Pint - i 10 уу ТА = 25°С 


САРАСТТАМСЕ 
(Тл = 25°C; f, = 1 MHz; Voc = OV) 


Parameter | Symboi + Max Limit | Unit 3! 


Clock Input Cio) 20 pF 
Input Cin 10 pF 
Output Cour 20 | рЕ | 


Note: АЛ pins except рт under test tied to ground. 
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PACKAGE DIMENSIONS 
40-PIN CERAMIC DIP 


р а 


40-PIN PLASTIC DIP 


] 


MILLIMETERS| INCHES 


g 
= 


— 


Ј 


1.65 | 2.16 | 0.085 | 0.085 
0.20] 0.30 [0.008 | 0.012 


3.05 3.56 | 0.120 | 0.140 
15.24 BSC 0.600 BSC 
7% 10% 7% 10% 
0.51 1.02 | 0.020 | 0.040 
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R6500/* SINGLE-CHIP MICROCOMPUTER FAMILY 
Higher Performance, Broader Applications, Software Compatibility 


The R6500/* single-chip microcomputers are completely 
software compatible with the 8-bit multi-chip family. They let 
you move easily from a multi-chip to a single-chip system 
solution when the application warrants it. They also function 
as intelligent peripheral controllers. The family continues to 
expand to include dual processors and CMOS versions. The 
R6500/* devices have faster execution speeds for most 
applications, based on our competitors own figures, even 
though some others use higher frequency crystals. 

Features include 1.5 to 3K bytes of ROM, 64 to 192 bytes 
of RAM, 23 to 56 I/O ports, multiple use counter/timers, 
serial communication channels, new bit manipulation 
instructions, expansion bus, multiple bus interfaces, directly 
executable RAM with low power standby, multiple interrupts, 
ail from a single 5V power supply. 

Three intelligent peripheral controllers offer design 
effective upgrading potentials for existing 6800, 8080, Z80 
and 6500 systems. They’re also available in ROM-less 


versions, for large memory system applications and for 
developing and simulating products in prototype, with 
external memory. 

And, two versions even have all systern software on chip, 
including an operating system and high level FORTH 
language. It’s an extremely versatile single-chipper. 

Three different sets of development ROM permit systems 
from 16 to 40 МО and 8K to 48K of application program 
memory. 

As the highest performance single-chip family, the 
R6500/* devices are in use now in applications such as 
printers, telephone answering equipment, fixed disk drives, 
stereos, industrial controllers, telecom, cash registers, 
sewing machines, test equipment and more. 

Check for yourself and see how a Rockwell R6500/* can 
Solve your system problem. There are no higher performing 
8-bit single chippers, regardless of clock speeds. 


ROCKWELL NMOS MICROCOMPUTERS—THE TOP PERFORMERS IN INDUSTRY 


т = T 

Features/Models R6500/1 R6500/11 R6500/12 R6501Q/11Q R6500/41 R6500/42 | R6541Q 
* ROM (x8) 2048 3072 3072 — 1536 1536 256 
* RAM (x8) 64 192 192 192 64 64 64 
* МО Lines 32 32 56 32 23 47 23 
* Serial Comm. — USART USART USART - - - 
* 16-Bit Counters ONE TWO TWO TWO ONE ONE ONE 
* Host/Slave Bus == - - = 80/65 80/65 80/65 
• Expansion Bus - 16K 16K 65K 4K 4K BK/4K 
* Interrupts 

— External 4 6 6 6 4 4 5 

— Internal 1 4 4 4 1 | 1 

— Host - - - - 2 2 2 | 
• Standby RAM (mW) 35 12 12 12 = - і | 
• Раскаде 40 DIP 40 DIP 64 QUIP 64 QUIP 40 DIP 64 СИЛР d 64 QUIP 
Alternatives for 8048/49 8051 8031 8041 | 


an 


Rockwell 


R65C00/21 e R65C29 


R65C00/21 DUAL CMOS MICROCOMPUTER 
AND R65C29 DUAL CMOS 
MICROPROCESSOR 


PRELIMINARY 
INTRODUCTION 


FEATURES 


e Two enhanced CMOS R6502 CPU's in one device 
— Соттоп memory and I/O 
— Shared data and subroutines 
— Independent CPU registers and interrupt vectors 
— Independent reset operation and programs 
— А6502 software and timing compatible 
10 new instructions for faster and smaller programs 
— Unsigned Multiply (MUL) 
--беі and Reset Memory Bit (SMB and RMB) 
— Branch on Bit Set and Reset (BBS and BBR) 
— Unconditional Branch (BRA) 
— Push and Pull Index Registers (PHX, PHY; PLX, PLY) 
Microcomputer/microprocessor/peripheral controller operation 
— Stand-alone microcomputer 
2048 x 8 mask programmable ROM 
128 x 8 random access memory (RAM) 


— Enhanced microprocessor 
Built-in RAM, ROM and I/O with expandability 
8-, 12- or 16-bit extension address bus 
— Programmable peripheral controller 
Host data bus interface (280/8080 or 6500/6800 option) 
Self-contained or expandable 


16-bit Counter/Timer A with eight modes, and prescaler 
—Timer Off 

— Free-Run Event Counter 

—Free-Run Pulse Width Measurement 

—One-Shot Retriggerable Timer 

— One-Shot Interval Timer 

—Free-Run Interval Timer 

—One-Shot Pulse Generator 

—Free-Run Pulse Generator 

16-bit Counter/Timer B with four modes 

—Free-Run Interval Timer 

—Free-Run Pulse Generator 

—Event Counter 

— Pulse Width Measurement 

e Up to 52 general purpose input/output lines 

— Five bidirectional 8-bit ports (PA, PB, PC, PD and PF) 
—One 8-bit output port (PE) 

—Опе 4-bit input port (PG) 

— Multi-purpose operation for selected ports 
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Nine interrupts 
—Positive and negative edge detect 
—Low level detect (external IRQ) 
—cCounter/Timer А and В underflow 
—Inter-processor communication 
— Host computer data transfer 
—Non-maskable 
— Reset 
e Fiexible system operation 
— Memory mapped I/O for easy programming 
— Раде zero location for memory efficient access 
® Low power at normal frequency (40 mw at 2 MHz) 
• Reduced power at low frequency (2.0 mw at 2 MHz/128) 
е System clock rates from 10 KHz to 4 MHz 
• 
• 


5V = 10% power supply 
64-pin ОШР 


SUMMARY 


The Rockwell R65C00/21 is a complete, high performance 
8-bit, CMOS dual microcomputer in a single chip and is com- 
patible with all R6500 microprocessors except that it has 
additional instructions including a 10-clock time multiply. 


The R65C00/21 consists of two enhanced instruction set 6502 
CPU's in one device. The device also has 2048 bytes of Read- 
Only Memory (ROM), 128 bytes of Random Access Memory 
(RAM) and versatile interface circuitry. The interface circuitry 
consists of two multimode programmable 16-bit counter/timers 
and 52 general purpose input/output lines. Some of these input/ 
output lines may be used as address, data and control lines 
for expanded systems or as data and control lines when the 
R65C00/21 is used as a programmable peripheral controller. 


The two CPU's in the R65C00/21 are functionally independent. 
Each has its own set of registers, its own reset and interrupt 
vectors and operates under control of its own program. The two 
CPU's do, however, share the same memory and system ИО 
resources. This allows direct communication between the two 
CPU's and allows sharing of subroutines and common data 
areas where desired. Programming and system design for 
applications which require simultaneous contro! of two or more 
independent asynchronous processes is thus simplified because 
one CPU may control one process while the other controls 
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another one. Consequently, complex programming usually 
needed to interleave the control functions or to implement an 
interrupt driven system, is not required. 


In a multiple computer approach, both processors may need the 
same subroutines so that some portions of memory must be 
duplicated in both systems. The dual CPU's share the same 
program memory, therefore only one set of subroutines is 
required and both CPU's may even be using them at the same 
time without interference. 


Іп addition to the dual CPU's, the R65C00/21 also has the 
innovative architecture and the demonstrated high performance 
of the well established R6502 CPU, flexible input/output which 
provides improvements over the R6522 Versatile Interface 
Adapter (VIA) device, and production efficient on-chip ROM and 
RAM. These features make the R65C00/21 a leading candidate 
for most imbedded microcomputer applications. 


A system using the R65C00/21 Dual CMOS Microcomputer will 
be simpler in design, use less program memory, require fewer 
components, reduce circuit board sizes, simplify test require- 
ments, and minimize field maintenance—all contributing to lower 
production and support costs. In addition, simpler designs shorten 
development effort and time—leading to reduced development 
costs and faster product to market. 


The R65C29 Dual CMOS Microprocessor, a ROM-less version 
of the R65C00/21 with permanently extended data and address 
bus, is аіѕо available. The R65C29 is ideal for dual CPU appli- 
cations requiring changeable ROM and/or extended RAM, ROM 
or ИО, and can also be used for R65C00/21 prototype circuit 
development. The Н65С00/21 can also operate in an emulation 
mode, like the R65C29, with its internal ROM disabled. 


Dual CMOS Microcomputer/Microprocessor 


DEVELOPMENT SYSTEM SUPPORT 


Prototype circuit and software development support are avail- 
able using the Rockwell Design Center (RDC) and R65C00/21 
Personality Module. Program development and debugging aids 
such as text editing, symbolic assembly with conditionals and 
macros at the absolute and relocatable/linking level, and single/ 
multiple step execution with instruction/data tracing are pro- 
vided. Real-time in-circuit emulation in the target environment 
is also supported. 


NOTE 


All descriptions of R65C00/21 operation in this document 
also apply to the R65C29 except for internal ROM, and 
as otherwise noted. 


ORDERING INFORMATION 


The R65C00/21 Dual CMOS Microcomputer can be ordered in 
volume quantities with the following speed capability and mask 
option indicated in the R65C00/21 ROM Code Order Form (Doc- 
ument Order No. 2134) 

e 1, 2, 3, ог 4 MHz system clock (02) 

e Crystal/master clock or slaved clock input mask option 


The R65C29 Dual CMOS Microprocessor has the following 
characteristics: 

e Crystal/master clock input 

e 8-bit data bus and 16-bit address bus extension 

e No internal ROM 
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INTERFACE 


The interfaces for the R65C00/21 and В65С29 are illustrated 
in Figure 1. 


The pin assignments for the R65C00/21 and the R65C29 are 
shown in Figure 2. The R65C29 pin assignments are the same 
as the R65C00/21 except that bus expansion functions are per- 
manently assigned instead of general purpose ports D and E. 


OSCILLATOR 
CLOCK 
GENERATOR 


2048 x8 
ROM 
R65C00/21 ONLY 


TIMER А 


TIMER B 


The interface signals for the А65С00/21 and R65C29 are 
described in Table 2. The descriptions of the selectable bus 
expansion pins (16-bit address mode) for the R65CO0/21 apply 
to permanent bus expansion pins for the R65C29. 


PAO-PA7 


РВО/РВ7 


PCO-PC7 
OPTIONAL USE: 
HOST DATA BUS 


РОО-РО7 
OPTIONAL USE: 
EXP. BUS 
DATA/LOWER ADDR. 


PEO-PE7 
OPTIONAL USE: 
EXP, BUS 
DATA/LOWER ADDR. 


PFO-PF7 
OPTIONAL USE: 
PFO POS. EDGE 
DETECT 
PF1 NEG. EDGE 
DETECT 
PF2 EXT. IRQ INPUT 
РЕЗ TIMA I/O 
PF4 TIMB 1/0 
PF5 --- 

PF6 --- 
PF7 HINT 


PGO-PG3 
OPTIONAL USE: 
PGO HO2/HRD _ 
PGi HR/W/HWR 
PG2 HRS 
PG3 CS 


Figure 1. R65C00/21 and R65C29 Interface Diagram 
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XTALO 1 64 Vec 
XTALI = 2 63 = RES 
92 = 3 62 ММА ____ 
да ___ с= 4 61 та) NMIB 
EMS 5 60 PGO 
SYNC _ 6 59 [—-3 РС1 
R/W ші 7 58 PG2 
PE7 са 57 =з РОЗ 
РЕб = 9 56 PDO 
РЕБ = 10 55 = PDi 
PE4 11 54 PD2 
РЕЗ C——d12 53 [——3 PD3 
PE2 113 52 РО4 
РЕ! 14 Н65С00/21 51 = РО5 
РЕО 15 50 РОб 
РЕ7 == 16 49 == PD7 
PF6 17 48 PCO 
PF5 18 47 = PC1 
РЕ4 19 46 РС2 
РЕЗ === 20 45 = РСЗ 
РЕ2 21 44 РС4 
РЕ1 === 22 43 = РС5 
РЕО 23 42 PC6 
PA7 24 41L——3À PC7 
РАб C125 40 Б PBO 
РАБ C— 26 39 PB1 
РЕ4 2. 1 = 27 3812. — PB2 
PA3 C— — 128 37 E——— PB3 
PA2 C129 36 H PB4 
PA1 30 35 E= РВ5 
PAO C31 343 PB6 
Vss L—— 132 эз => PB7 
XTALO C] 1 64 Усс 
XTALI 2 63 = RES 
02 3 6215 ММА «— 
GA |. — 4 611—343 NMIB 
EMS ші 5 60 H Рао 
SYNC = p 48 Брут РС1 
R/W 7 58|- PG2 
А15 8 57 2—1 РСЗ 
А14 9 56 [5 А0/00 
А13 55 5 A1/D1 
A12 54 B A2/D2 
A11 53—77 A3/D3 
A10 52t3 А4/04 
A9 955629 Е А5/05 
АВ 50 31 А6/06 
РЕ? 49—71 ATID? 
РЕб ав [5 PCO 
РЕБ 47 = РС1 
РЕ4 46 5 РС2 
РЕЗ 45 —— РСЗ 
РЕ2 44 [3 РС4 
РЕ1 43—71 РС5 
РЕО 
PA7 Рс? 
РА6 
РА5 РВ1 
РА4 
РАЗ РВЗ 
РА2 
РА1 РВ5 
РАО o gaa 
Vss 32 я РВ7 


Figure 2. R65C00/21 and R65C29 Pin Asignments 
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Table 1. R65C00/21 Pin Descriptions 


“шан [тыр 2 әс 


Дә] 
PAQ-PA7 vo 
РВО-РВ7 Џој 
PCO-PC7 Vo 
PDO-PD7 


РЕО-РЕ7 


PFO-PF7 


PFONEG (PFO) 


PGO-PG3 


Hg2/ARD (РОО) 


HR/WIRWR (РС!) 


HRS (PG2) 
CS (РОЗ) 


Port A. General purpose 8-bit /О Port A. 
Port B. General purpose 8-bit /O Port B. 
Port С. General purpose 8-bit ИО Port С. Host Data Bus in Host Mode. 


Port D. General purpose 8-bit /O Port D. Multiplexed lower address (А0 to A7) and Data 
Bus (20-07) when Bus Extension Mode is selected. 

Port E. General purpose 8-bit output Port E. Upper address (A8 to A11 or А8 to A15) when 
Bus Expansion Mode is selected. 


Port Е. General purpose 8-bit /O Port Е. Under software control, each line has alternate 
functions as follows: 


PFO Positive Edge Detect. Maskable CPU interrupt on PFO Positive Transition. 


PF1POS (PF) PF1 Negative Edge Detect. Maskable CPU interrupt on PF1 Negative Transition. 
PF2LOW (PF2) PF2 Low Level Detect. Maskable CPU interrupt on PF2 Low (external IRQ). 
TIMA (PF3) Timer A External Input/Output. 

TIMB (PF4) Timer B External Input/Output. 

HINT (PF7) Host Interrupt. Active-low maskable interrupt request to Host. 


Port G. General purpose 4-bit input Port G. Under software control, Port G serves as the 
Host Contro! Bus as follows: 


Host Bus Clock/Read Strobe Input. 22 for 6500/6800 bus; Read Strobe for Z80/8080 
bus. 


Host Bus Read-Write/Write Strobe Input. R/W for 6500/6800 bus; Write Strobe for 
7280/8080 bus. 


Host Bus Register Select Input. Low selects Data Buffer; high selects Status Flags. 


Host Bus Active-Low Chip Select Input. Low selects Host Bus operation depending on 
HRS and HR/W/HWR coding and Host Control and Status Register contents; high 
disables Host Bus interface. 


Reset. Active-low Reset input initializes R65C00/21 to initial conditions—resets all registers 
and W/O lines. 


CPU А Non-Maskable Interrupt. Non-maskable negative edge sensitive interrupt input to 
CPU A. 


CPU B Non-Maskable Interrupt. Non-maskable negative edge sensitive interrupt input to 
CPU B. 


External Memory Strobe. Active-low. 

System Phase 2 Clock Output. Maskable as system clock input for slave operation. 
Read/Write. Read/write control output. High during read, low during write. 

Sync. Instruction sync output. High When Op Code fetched 


Phase А. Phase A clock output. High during CPU A bus cycle, low during CPU B bus 
cycle. 


Crystal/Master Clock Return. Output connection to crystal (or no connection if external 
master clock connected to XTALI). Input frequency is two times system clock (02) rate. 


Crystal/Master Clock Input. Input connection from crystal (or external master clock). 
Power. 5.0 Vdc. 
GND. Signal and power ground. 
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Dual CMOS Microcomputer/Microprocessor 


FUNCTIONAL DESCRIPTION 


Тһе Н65С00/21 consists of two central processor units (CPU's), 
а 2048 x 8 read-only memory (ROM), а 128 х 8 random access 
memory (RAM), five 8-bit parallel ИО ports, one 8-bit output 
port, one 4-bit input port, two 16-bit counter/timer systems, a 
variety of ИО contro! registers, and an independent interrupt 
control system for each CPU. All of the ROM, RAM, I/O, internal 
buses, and the arithmetic logic unit (ALU) are shared by the two 
CPU's. A memory map of the system is shown in Figure 3. An 
overall block diagram of the Н65С00/21 is shown in Figure 4. 


NOTE 


Throughout this document, unless specified otherwise, all 
memory or register address locations are specified in 
hexadecimal! notation. 


INTERNAL MEMORY 


INTERNAL READ-ONLY-MEMORY (ROM) 


The ROM in the R65C00/21 consists of 2048 (2K) bytes of mask 
programmable memory with an address space from F800 to 
FFFF. ROM locations FFF2 through FFFF are assigned to inter- 
rupt and reset vectors for the two CPU's. 


INTERNAL RANDOM ACCESS MEMORY (RAM) 


The internal RAM consists of 128 bytes of read/write memory 
with assigned page zero addresses of 0080 through OOFF. 


EXTERNAL MEMORY 


External memory can be addressed by selecting the Bus 
Expansion Mode in the Bus Control Register. Address space 
from 0200 through EFFF may be accessed for either RAM, 
ROM, ог ИО purposes as the particular application requires it. 
In addition, there are 32 bytes from 0020 through ООЗЕ which 
may be used Юг VO expansion and 256 bytes from 0100 through 
01FF which may be external RAM. 


CPU LOGIC 


Each CPU in the R65C00/21 is effectively a standard R6502 
CPU with 10 extra instructions utilizing 40 operation codes which 
are unused in the R6502. Therefore, each CPU has an 8-bit 
accumulator, two 8-bit index registers (X and Y), an 8-bit Stack 
Register, a 16-bit Program Counter, independent interrupt cir- 
cuitry, and an instruction register with state counter. The internal 
buses, memory, instruction decoding circuitry, and ALU are 
shared by the two CPU's on alternate clock cycles. 


ACCUMULATORS 


The accumulator in each CPU is a general purpose 8-bit register 
that stores the results of most arithmetic and logic operations. 
Additionally, the accumulator contains one of the two data words 
used in these operations. 


INDEX REGISTERS 


Each CPU has two index registers, X and Y. Each index register 
may be used as a modifier to a base address supplied as a part 
of the instruction being processed. The resulting effective address 
is usually the sum of the base address plus the contents of the 
indicated index register. The index registers are used in а 
number of the addressing modes including zero page indexed, 
absolute indexed, post-indexed indirect and pre-indexed indi- 
rect. Each index register also has a family of instructions which 
allow loading, storing, incrementing, decrementing, and com- 
paring the contents of the register. These are discussed thor- 
oughly in the R6500 Programming Manuel (Order No. 202). 


ADDRESS (HEX) = 
0000 ИО AND CONTROL REGISTERS 
9020 EXTERNAL I/O EXPANSION? 
003F a ы 
0040 " 
007Е МОТ ACCESSIBLE 
0080 E 
INTERNAL RAM (128 BYTES)! 
(SHARED WITH 0180-01FF) 
OOFF E 
0100 EXTERNAL НАМ EXPANSION? 
017F Е В 
0160 INTERNAL ВАМ (128 BYTES)! 
(SHARED WITH 0280-00ҒЕ) 
O1FF 5 
2 
0200 АТ АМО 
1 NSION 
Е ЕЕ /O E й tO 
Fi 
pee NOT ACCESSIBLE 
el INTERNAL ROM (2048 BYTES 
FFF1 s @ ) 
FFF2 
FFF3 NMIB VECTOR 
FFF4 
FFF5 RESB VECTOR _ | 
FFF6 А 
ЕЕЕ? IRQB V Бетон 
FFF8 | 
FFF9 NOT ОЗЕР 
ЕРЕА А 
FFFB NMIA VECTOR 
FFFC ESA УЕСТ 
FFFD RESA i CTOR 
FFFE IRQA VECTOR 
FFFF Я “ 

Notes: 

1. When bit 4 of the Bus Control Register (BCR) is a 0 (default value), 
the 128 bytes of internal RAM are redundantly mapped into both 
page zero and page опе and are addressable as either 0080-00ҒЕ 
or 0180-01FF. When BCR bit 4 is a 1, all of page опе RAM 
(256 bytes) is mapped externally (0100-01ҒЕ) and the 128 bytes 
of internal RAM are dedicated to page zero (0080-00ҒЕ). 

2. Accessible in bus expansion mode. 


Figure 3. Н65С00/21 Memory Мар 
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Note: n 


ХТАЦ 
CLOCK 


PRESCALER 
OSCILLATOR 


8) 
XTALO 


CLOCK 
0A 


02 


INTERRUPT 


eee. CONTROL EHE ND. 
BITS AND STATUS 
REGISTER 


CLOCK 
SELECT 


INTERRUPT к > 


АТСН 
care ENABLE 


POWER 
CONTROL 
REGISTER 


CLEAR 
INTERRUPT "ш. 
FLAG 
REGISTER 


INTERRUPT 


LOGIC 


TIMER A 
TIMER A 
CONTROL CLOCK 


AND STATUS 
REGISTER SELECT 


022$. 


INSTRUCTION ea INSTRUCTION 
DECODE REGISTERS COUNTERMINER A: 


UPPER LATCH LOWER LATCH 


UPPER COUNTER | LOWER COUNTER r 
TIMER B 
CONTROL 
AND STATUS 
PROCESSOR REGISTER COUNTER/TIMER B 
STATUS e 
UPPER COUNTER | LOWER COUNTER PFA 


ped Ке == 
INPI 
VT Р68-Р63 
HOST (HOST CONTROL) 


CONTROL 
AND STATUS 
REGISTER 


INOEX 
REGISTER 
x 


DATA 
DIRECTION 
F 


(SPECIAL 


ACCUMULATOR KC FUNCTIONS) 


PEO-PE7 


STACK 


POINTER DATA 


DIRECTION 
5 


SEE DATA 


DIRECTION 
c 


PROGRAM 
CDUNTER 


PCH 


ю 
PCO-PC? 
(HOST DATA BUS) 


BUS 
CONTROL 
REGISTER 


DATA 
DIRECTION 


D 
> 
= 
| INTERNAL ADDRESS BUS 


B 
(CE е 2) 
ROM ie 
2048 Х 8 ТРУБЕ" 
нее | ______ DATA 
ONLY) DIRECTION 
A 
i i ЕЕ) 
indicates dual registers — one о PAO-PA7 


for CPU A and one for CPU B 


Figure 4. R65C00/21 and R65C29 Biock Diagram 
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STACK POINTERS 


Each CPU in the R65C00/21 has its own independent 8-bit 
Stack Register located in RAM on page zero/one and is pointed 
to by a Stack Pointer. Each Stack Register is automatically 
incremented and decremented under control of the appropriate 
CPU to perform proper stack manipulations in response to user 
instructions, an IRQ interrupt or an external NMI interrupt of the 
appropriate CPU. The Stack Pointers must be initialized by the 
user program. 


These stacks allow simple implementation of multiple level 
independent interrupts in each CPU, subroutine nesting, and 
simplification of many types of data manipulation without 
the programmer continually being aware of specific memory 
addresses. The JSR, BRK, RTI, RTS, PHA, PLA, PHP, PLP, 
PHX, PLX, PHY and PLY instructions all make use of the stack 
and the appropriate CPU's Stack Pointer. 


Each stack may be visualized as a deck of cards which may only 
be accessed from the bottom of the deck. The value to be stored 
is written on a card and then that card is placed on the bottom 
of the deck (pushed onto the stack). When the data are to be 
read, the bottom card is removed from the deck and the value 
on it transferred to the appropriate register (pulled from the stack 
to the specific register). Each time data are to be used as an 
address, the value is stored in the addressed memory cell, and 
the Stack Pointer is decremented by 1. When the data are read 
(or "pulled") from the stack, the Stack Pointer is incremented 
by 1 and the resulting value can be used to address the data. 
The data are read from the addressed memory cell and then 
transferred to the appropriate register in the CPU. 


Each CPU must have an independent starting location for its 
Stack. Н is the programmer's responsibility to see that the RAM 
utilized for each CPU stack does not conflict. It is recommended 
that the CPU requiring less depth in its stack be assigned the 
OXFF location and the other stack be started a safe distance 
below it. The two stacks are physically located either on page 
zero (although addressed as page one) for single-chip opera- 
tion, or externally on page one when extended addressing is 
selected. (See Note 1 in Figure 3). The defauit areas for the 
Stacks are on page zero. In either case, both stacks are on the 
same page. 


ARITHMETIC AND LOGIC UNIT (ALU) 


All arithmetic and logic operations for both CPU's take place in 
a shared ALU. Incrementing and decrementing of the index reg- 
isters and memory also take place here. The ALU stores data 
for only one cycle. Consequently, data placed on the inputs at 
the beginning of a cycle are processed and gated to one of the 
registers, or to memory, during the next cycle. 


Each bit of the ALU has two inputs. These inputs may be tied 
to various internal buses or to a logic zero; the ALU then gen- 
erates the function (AND, OR, SUM, etc.) using the data on the 
two inputs. 


PROGRAM COUNTERS 


The 16-bit program counters for each. CPU provide addresses 
that step each processor through sequential instructions in a 
Stored program. The program counter for each CPU is initially 
Set to the value stored as the reset vector in CPU A (RESA at 
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FFFC) and in CPU B (RESB at FFF4) when power is applied 
to the R65C00/21. Each time a processor “etches an instruction 
from memory, the lower (least significant] byte of its program 
counter (PCL) is placed on the low-order eight bits of the address 
bus and the higher (most significant) byte of the program counter 
(PCH) is placed on the high-order eight bits of the address bus. 
The counter is incremented each time an instruction or operand 
is fetched from memory. 


The contents of the program counter are replaced with а new 
value when a JMP, JSR, RTS, RTI, BRK, or any of the branch 
instructions are executed. Also, the program counter value is 
replaced when an external non-maskable interrupt NMIA or 
NMIB, an internal interrupt request, an external interrupt request 
via PF2 (see Port F description) or reset (RES) occurs. 


INSTRUCTION REGISTERS AND 
INSTRUCTION DECODE 


Instructions selected by the program couriter are fetched from 
ROM or RAM (or Port D if in Expanded Bus Mode) and gated 
onto the internal data bus. These instructions are latched into 
the proper instruction register and then decoded using common 
decoding circuits for both CPU's. Timing, status bits, and inter- 
rupt controls are interpreted together with the instruction code 
to generate contro! signals for the various registers in the 
appropriate CPU. 


INTERRUPT LOGIC 


Each CPU has its own logic which controis the sequencing of 
three types of interrupts: RES, NMI, and IRQ. The same RESET 
(RES) pin is used for both CPU's; consequently, reset occurs 
on both CPU's at the same time. A differerit reset vector (RESA 
and RESB) exists for each CPU to allow initialization of the sep- 
arate and independent programs. 


Separate pins are used for the two processors’ non-maskable 
interrupts (NMIA and NMIB). Each processor has its own NMI 
vector; CPU A uses NMIA Vector at FFFA and CPU B uses 
NMIB Vector at FFF2. 


Three different types of external interrupt conditions can be 
detected by connecting the external signal to one of three Port 
F input pins. A positive-going edge, a negative-going edge, and 
an external interrupt request (IRQ), i.e., а low level, can be 
detected on PFO, PF1 and PF2, respectively. Internally, IRQ 
conditions can be generated by time-out о" either of the two 16- 
bit counter/timers, upon interprocessor-communication request 
by the other CPU, or by the Host Interface Port. 


In each case, the interrupt condition is reported as an interrupt 
flag in а control/status register associated with the functional 
area. Each CPU can either enable or disable IRQ generation by 
setting or resetting a corresporiding interrupt enable bit in the 
same or associated control/status register. 


Furthermore, each CPU can contro! whether or not its pro- 
cessing is interrupted when an interrupt request (IRQ) is gen- 
erated. Each CPU has its own Processor Status Register (PSRA 
and PSRB) with the capability of disabling IRG interrupts when 
its own "I flag" bit is a 1. 
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NEW AND MODIFIED INSTRUCTIONS 


In addition to the standard R6502 instruction set, ten new 
instructions have been added and minor timing and other 
changes have been made to a few other instructions. All of these 
additions and changes are discussed in this section. Refer to 
the Instruction Set Op Code Matrix for the operation codes and 
addressing modes of all instructions. The times indicated for 
each instruction are given in terms of CPU clock-times. 


UNSIGNED MULTIPLY (MUL) 


The 10 clock-time hardware multiply instruction multiplies the 8- 
bit contents of the Y register by the 8-bit contents of the A reg- 
ister to give a 16-bit product. At the completion of the multiply 
operation, the most significant half of the product resides in the 
A register and the least significant half in the Y register. This 
operation uses unsigned numbers only. This instruction uses the 
implied addressing mode and, consequently, requires one byte 
for the op code. 


SET MEMORY BIT (SMB m, ADDRESS.) 


This instruction uses zero page addressing only and requires 
five cycle times. It sets the designated bit in the addressed 
memory cell or YO port to a 1. The first byte of the two-byte 
instruction identifies the operation and the bit to be set while the 
second byte designates the address of the word in which the bit 
is to be set. Eight op codes are used for the eight bit locations 
in a byte. 


RESET MEMORY BIT (RMB m, ADDRESS.) 


This instruction operates in the same way as the SMB instruc- 
tion except that the bit is set to 0. 


BRANCH ON BIT SET RELATIVE 
(BBS m, ADDRESS, DESTINATION) 


This instruction tests one of eight bits designated by a three-bit 
immediate field within the first byte of the instruction. The second 
byte designates the address of the byte to be tested within the 
zero page address range (memory or /О ports). The third byte 
of the instruction specifies the 8-bit relative address to which the 
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instruction branches if the bit tested is a 1. If the bit tested is not 
set to a 1, the next sequential instruction is executed. This 
instruction requires five cycles if the branch is not executed, six 
cycles if the branch executes to the same page, or seven cycles 
if it branches to a different page. 


BRANCH ON BIT RESET RELATIVE 
(BBR m, ADDRESS, DESTINATION) 


This instruction is similar to the BBS instruction except that the 
branch takes place if the bit tested is а 0. 


INDEX REGISTER STACK OPERATIONS 
(PHX, PLX, PHY, AND PLY) 


These instructions are similar to the PHA and PLA instructions 
in the conventional R6502 except that they push or pull the X 
or Y registers to and from the stack, respectively. The push 
instructions require threé instruction cycles and the pull instruc- 
tions require four cycles. 


UNCONDITIONAL BRANCH (BRA) 


This unconditional branch is a branch always instruction. It oper- 
ates similar to the conditional branches of the R6502 except that 
the relative branch always occurs. It executes in three cycles if 
the branch is to the same page or four cycles if itis not. Two bytes 
are required, one for the op code and the other for the relative 
address. 


INSTRUCTION DIFFERENCES FROM R6502 


Decimal add and decimal subtract instructions on the R65C00/ 
21 require one cycle time longer than their binary equivalents. 
The add and subtract times are the same for both decimal and 
binary operation on the R6502. 


The decimal mode flag (D) in the processor status registers 
default to binary (D=0) operation when the R65C00/21 is RESET, 
whereas this bit is uninitialized on the R6502. 


The indirect jump instruction increments the page address when 
the indirect pointer crosses a page boundary, whereas on the 
R6502 it does not. 
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PROCESSOR STATUS REGISTERS 


Each CPU has its own 8-bit Processor Status Register. Each 
register contains seven status flags. Some of these flags 
are controlled by the user program; others may be controlled 
both by the users program and the appropriate CPU. The 
А65С00/21 instruction set contains a number of conditional 
branch instructions which are designed to allow testing of these 
flags. 


CARRY BIT (C) 


The carry bit (C) can be considered the ninth bit of an arithmetic 
operation. It is set to a 1 if a carry from the eighth bit has 
occurred, or it is cleared to 0 if no carry has occurred, as a result 
of arithmetic or shift operations. 


The carry bit may be set or cleared under program control by 
use of the Set Carry (SEC) or Clear Carry (CLC) instructions, 
respectively. Other operations which affect the carry bit are 
ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, and 
SBC. 


ZERO BIT (2) 


The zero bit (Z) is set to a 1 by ће CPU during any data move- 
ments, or calculations, which sets all eight bits of the result to 
Zero for that CPU. This bit is cleared to a 0 when all eight bits 
of a data movement, or calculation, operations are not all zero 
for that CPU. The R6500 instruction set contains no instruction 
to specifically set or clear the Z flag bit. The Z flag bit is, how- 
ever, affected by the following instructions: ADC, AND, ASL, 
BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LSR, ORA, PLA, PLP, PLX, PLY, ROL, ROR, ATI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 


INTERRUPT DISABLE BIT (I) 


The interrupt disable bit (tł) controls the servicing of an interrupt 
request (IRQ). If the | bit is set to a 0 in the Processor Status 
Register of one, or both, of the CPU's, the IRG signal will be 
serviced by that particular CPU. If the bit is set to a 1 for one 
or both of the CPU's, the IRQ signal will be ignored by that CPU. 
Each CPU will set its interrupt disable bit to a 1 if a RES, an 
IRQ, or its non-maskable interrupt (NMI) signal is detected. 
Interrupting one processor does not affect the other one unless 
it is programmed to respond to the same interrupt. 


The | bit is cleared for each CPU when that CPU executes a 
Clear Interrupt Disable (CLI) instruction and is set under soft- 
ware control by a Set Interrupt Disable (SEI) instruction. This bit 
is also set by the Break (BRK) instruction. The Return From 
Interrupt (RTI) and Pull Processor Status (PLP) instructions also 
affect the | bit by setting it to the value which was stored on the 
stack. 
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DECIMAL MODE BIT (D) 


The decimal mode bit (D) controls the arithmetic mode of its 
CPU. When this bit is set to a 1, the adder operates as a decimal 
adder for the Add with Carry (ADC) and the Subtract With Carry 
(SBC) instructions. These instructions, in the decimal mode, 
require one additional CPU cycle time compared with binary 
mode or the decimal mode in the conventional R6500. (In the 
conventional R6500, the decimal and binary arithmetic opera- 
tions are the same speed.) When the bit is a 0, the arithmetic 
is performed in straight binary. The decimal mode is controlled 
only by the programmer for each of the CPU's. The Set Decimal 
Mode (SED) instruction causes decimal arithmetic to be per- 
formed and the Clear Decimal Mode (CLD) instruction causes 
binary arithmetic to be performed by that CPU. The PLP and 
RTI instructions also affect the decimal mode bit. 


The D bit for each CPU is automatically set to the zero state 
(binary mode) when the R65C00/21 is reset by RES. 


BREAK BIT (B) 


The break bit (B) determines the type of condition which caused 
the IRQ service routine to be entered. If the IRQ service routine 
was entered because a BRK instruction was executed by its 
CPU, the B bit is set to a 1. If the service routine was entered 
because of an IRQ signal being generatecl, the B 18 set to a 0. 
There are no instructions which directly set or clear this bit. 


OVERFLOW BIT (V) 


The overflow bit (V) indicates that the result of a signed binary 
addition or subtraction operation is a value which cannot be con- 
tained in seven bits (outside the range of —128 to +127). This 
indicator only has meaning when signed arithmetic is per- 
formed. In this case, the arithmetic operations are being per- 
formed on the sign and seven magnitude bits for one byte, or 
the most significant byte of a longer signed number. When the 
ADC or SBC instruction is executed, the overflow bit is set to 
a 1 if the polarity of the sign bit is changed because the result 
exceeds +127 or —128 in absolute magnitude. Otherwise, the 
V bit is cleared to a 0. The V bit may be cleared by the pro- 
grammer by executing a Clear Overflow (CLV) instruction in the 
appropriate CPU. 


The overflow bit is also affected by the BIT instruction. The BIT 
instruction samples specific bits in memory or ИО interrupt 
status words. Most of the I/O devices used in the R6500 family 
and most of the interrupt flags in the R65CO00/21 have interrupt 
flags in the upper two bits of the register. The BIT command 
copies these two most significant bits of the addressed word into 
the N and V flags. The V flag is set to the same state as bit 6 
of the addressed words and the N flag copies bit 7. 


The instructions which affect the V flag are ADC, BIT, CLV, PLP, 
АТ! and SBC. 
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NEGATIVE BIT (N) 


The negative bit (N) indicates that the sign bit (bit 7) in the 
resulting value of a data movement or arithmetic operation is 
a 1. If the value represents a signed number, the most signifi- 
cant bit being а 1 indicates a negative number. If the sign bit is 
a 0, the result is interpreted as a positive value. The BIT instruc- 
tion copies the most significant bit of the addressed memory cell 
or I/O register into the М flag bit. 


There are no instructions that set or clear the N bit directly since 
the N bit represents only the status of a result. The instructions 
which produce a result that affects the state of the N bit are 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, 
INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, PLX, PLY, 
ROL, ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 


Processor Status meg siers ka and РБРВ) 


Bit 7 Negative (М)! 
1 Negative Value 
0 Positive Value 
Bit 6 Overflow (0)! 
1 Overflow Set 
0 Overflow Clear 
Bit 5 Not Used (Don't care value) 
it4 Break Command (В)! 
1 Break Command 
0 Non-break Command 
Bit 3 Decimal Mode (D)? 
1 Decimal Mode 
0 Втагу Моде 
Bit 2 Interrupt Enable (I)? 
1 IRQ Interrupt Disable 
0 IRQ Interrupt Enable 
Bit 1 Zero (2)! 
1 Zero Result 
0 Non-Zero Result 
Bit 0 Carry (С)! 
1 Carry. Set 
0 Carry Clear 
Notes: 


1. Not initialized by RES. 

2. Set logic 1 by RES. 

3. Cleared to logic 0 by RES. 

4. There are two Processor Status Registers, one for each CPU. 


3-13 


R65C00/21 • R65C29 Dual CMOS Microcomputer/Microprocessor 
INPUT/OUTPUT AND CONTROL/STATUS REGISTERS 


REGISTER ADDRESSES 


Table 2 shows the input/output, control/status and timer/counter Seven control/status registers control and monitor the basic 
registers which are addressed on page zero from locations 00 operation of the R65C00/21. The registers and their primary 
through 1D. Some of the registers combine other functions when functions are as follows: 
they are read or written. The table lists both the primary and 
secondary types of functions. Table 3 summarizes the register BCR Bus Control Register—de‘ines expansion bus 
formats. modes 

HCSR Host Control and Status Register—defines host 
All control/status registers and data direction registers are cleared bus and interrupts 
to zero by a RES. Thus, the zero state of each bit defines the ICSR Interrupt Control and Status Register—enables 
default operating modes. Each register is associated with a and reports interrupt conditions 
functional area in the microcomputer, e.g., parallel input/output, CIFR Clear Interrupt Flags Register 
timer/counter, bus control, etc. The detail operation of each reg- PCR Power Control Register— selects low power 
ister is defined in the appropriate sections. mode 

TACSR Timer A Control and Status Register—controls 
Thirteen registers are used for input/output functions and nine and monitors Тітег A operation 
registers used for timer/counter functions. The use of these reg- TBCSR Timer B Control and Status Register— controls 
isters is discussed in later sections. and monitors Tirner B operation 


Table 2. І/О, Control/Status and Timer Registers 


PA Data 
PB Data 
PC Data, 0—1ВЕЗ 
PC Data, 0->!ВЕЗ 


Register Name/Notes 


PA Data 
PB Data 

PC Data, 1->ОВЕ, 05 RSO? 
РС Data, 1->ОВЕ, 12 RSO? 


Port A Data I/O 
Port B Data I/O 
Port C Data ИО 
Port C Data I/O 


PD Data! PD Data’ Port D Data ИО 
— PE Data! Port E Data Output Only 
PF Data PF Data Port F Data l/O 


PG Data Port G Data Input Only 


PA Direction Port A Direction 
PB Direction Port B Direction 
PC Direction Port C Direction 
PC Direction Port C Direction 


PD Direction’ 


PF Direction 


Port D Direction 


Port F Direction 


BCR 


BCR Bus Control Register 
HCSR HCSR Host Control and Status Register 
ICSR ICSR Interrupt Control and Status Register 
- СЈЕВ Clear Interrupt Flags Register 
— ІРСІН Inter-Processor Communication Interrupt Register 
PCR PCR Power Control Register 
TACSR TACSR Timer A Contro! and Status Register 
LCA, UCA-SLA LLA Timer A Lower Counter (LCA)/Lower Latch (LLA) 
SLA ULA Timer A Snapshot Latch (SLA)/Upper Latch (ULA) 


SLA, 0— UFA? ША, ULA—UCA, 


LLA—LCA, 0—UFA? 


Timer A Snapshot Latch (SLA)/Upper Latch, 
Download and Start Timer 


TBCSR TBCSR Timer B Control and Status Register 
LCB LLB Timer B Lower Counter (LCByLower Latch (LLB) 
UCB ULB Timer B Upper Counter (UCB)/Upper Latch (ULB) 


UCB, 0 UFB? ULB, ULB>UCB, LLB—LCB, 0>UFB? Timer В Upper Counter (UCB)/Upper Latch (ULB), 


Download and Start Timer 


Notes: 
1, Addressed externally when in expanded bus mode. 3. R65C00/21 to/from Host data transfer bits т HCSR: 
2. Counter/Timer underflow flags: IBF = Input Buffer Full flag bit 

UFA = Timer A Underflow Flag bit in TACSR OBE = Output Buffer Empty flag bit 
UFB = Timer B Underflow Flag bit in TBCSR RS! = Register Select Input bit 


RSO - Register Select Output bit 
4, — = Not used—indeterminate data when read 
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Address 
(Hex) | 


WRITE ONLY REGISTER—NO SPECIFIC BIT (IPCIR) 


NOT USED 


PF3 
LEVEL 
IND 


NOT 
USED 
NOT 
USED 


INTERRUPT CONTROL AND STATUS 


Unlike other R6500 family devices, the R65C00/21 does not 
concentrate the interrupt flags into a single register. The 
R65C00/21, in general, places the interrupt flags in registers 
which also have to do with the control of the particular function 
which can cause the interrupt. 


PF4 
LEVEL 
IND 


Interrupt enable control is located in the following registers: 


HCSR Host Control and Status Register 
ICSR Interrupt Control and Status Register 


Table 3. Control/Status Registers Formats Summary 


Bit Number 


NOT USED 
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BUS 
CONTROL 
REGISTER 
(BCR) 


BUS 
EXTENSION 
MODE 


HOST 
CONTROL AND 
STATUS 
REGISTER 
(HCSR) 


INTERRUPT 
CONTROL AND 
STATUS 
REGISTER 
(ICSR) 


CLEAR 
INTERRUPT 
FLAGS 
REGISTER 
(CIFR) 


NOT USED 


INTER- 
PROCESSOR 
COMMUNICATION 
INTERRUPT 
REGISTER (IPCIR) 


POWER 
CONTROL 
REGISTER 
(PCR) 


TIMER A 
CONTROL AND 
STATUS 
REGISTER 
(TACSR) 


TIMER B 
CONTROL AND 
STATUS 
REGISTER 
(TBCSR) 


TIMER A 
MODE 
SELECT 


TIMER B 
MODE 
SELECT 


TACSR Timer A Control and Status Register 
TBCSR Timer B Control and Status Register 


Portions of each of these registers relating to interrupt enables 
are duplicated for each of the two CPU's. However, only one 
memory address has been allocated so that each CPU uses the 
same address to select its own interrupt enables. The specific 
details of the usage of the interrupt control bits are discussed 
in the corresponding functional area. 
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CLOCK CIRCUITS 


CLOCK OSCILLATOR 


The internal clock oscillator generates the system clock (22) 
which clocks all R65C00/21 operations. The system clock fre- 
quency ranges from 10 KHz to 4 MHz (the upper limit deter- 
mined by the R65C00/21 part number) which is one-half the 
external crystal (or master clock) frequency. Each CPU in turn 
operates at one-half the system clock frequency (alternate 
Cycles). Ail operations to memory or ЏО take place at the system 
clock frequency. Since each CPU shares the common segments 
of the system on alternate system clock cycles, all internal 
operations occur at the system clock rate but, for CPU timing 
purposes, a CPU cycle rate of half the system rate is used. Thus 
with a 4 MHz crystal frequency, the system clock rate is 2 MHz 
and each CPU operates at an effective 1 MHz rate. Every two 
system clock periods sees one cycle devoted to CPU A and one 
cycle devoted to CPU B. 


The 92 clock is normally routed externally to clock external 
memory operations in the extended bus mode. A mask option 
allows the $2 clock to be configured as an input so the 
R65C00/21 can operate in a slaved clock mode. In this case, 
the crystal input (ХТАЦ) is grounded and crystal output (XTALO) 
is left open as shown in Figure 5. 


LOW POWER OPERATION 


The divide-by-128 clock prescaler operates in one of three ways 
(see Figure 6). One is the prescaler switched completely out 
which gives a system clock rate (02) at one-half of the crystal 
frequency. Another way is to select the low power operation for 
both CPUs which switches in the clock prescaler. The clock 
prescaler divides the system clock frequency by 128 to generate 
the prescaled system clock rate (@2PS). This reduces the device 
power requirements and also reduces the counting rate of both 
counter/timers by a factor of 128. The third operating mode for 
the prescaler is to use it for prescaling Timer A only. This mode is 
discussed under the Counter/Timer Operation. 
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POWER CONTROL REGISTER (PCR) 


Two bits in the Power Control Register (PCR) determine oper- 
ation of the clock prescaler. Each CPU can set its own power 
control bit and read both of them. When both power control bits 
are а 1, the system switches to the low power operation at a 
clock rate of 92/128 (02Р5). The system reverts to normal 
power and speed when either power control bit is a 0 or when 
an enabled interrupt occurs. In the latter case, the system con- 
tinues to operate at the low rate until the current instruction is 
completed, then it switches to the normal гаје, The Power Con- 
trol Register is shown in Figure 7. 


NOTE 


An enabled interrupt automatically clears the PCR bit for 
the affected CPU. It must be set again by software to 
resume low power mode. 


Power Control Flegister (PCR) 


7|6в6|514(|312) 
NOT USED 
Bits 7-2 Not Used (Don't care) 
Bit 1 Low Power Mode Select for CPU B (LPB) 
1 Low power mode requested by CPU B 
9 Normal power mode requested by CPU В 
Bit 0 Low Power Mode Select for CPU A (LPA) 
1 Low power mode requested by CPU А 
9 Normal power mode requested by CPU A 
Notes: 


1. Both CPU's can read both bits. 
2. Each CPU can only write its power control bit. 
3. Both bits must be set to enable low power mode. 
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OUTPUT CLOCK INPUT CLOCK 
гел 
| 


| 
2] 


MASTER 
MICROCOMPUTER 


SLAVE 
MICROCOMPUTER 


INVERTER USED WHEN SLAVE Ves 
1$ TO OPERATE OUT OF PHASE 
WITH MASTER 


Figure 5. Master/Slave Cock Connection 


PRESCALER 
(+ 128) 


% CRYSTAL/MASTER CLOCK LOW FREQ 


SYSTEM CLOCK 
SELECTION 


(92 OR 02Р5) 


POWER 
CONTROL 
REGISTER 


Notes: 
1. Crystal or Master clock frequency is divided by two internally. 


2. System clock is 02 or Ó2PS (02 + 128) if low frequency operat ion for both CPU's is selected in the Power Control Register. 


3. When a device is strapped for slave clock mode, the input 22 by-passes the prescaler (i.e., PCR bits will have no affect on the internat 62 clock 
rate of the slave processor. 


St 


Figure 6. System Clock Operation 
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Dual CMOS Microcomputer/Microprocessor 


PARALLEL INPUT/OUTPUT PORTS 


The R65C00/21 parallel input/output interface consists of five 
8-bit, bidirection input/output ports, one 8-bit output only port, 
and one 4-bit input only port. 


BIDIRECTIONAL PORTS A, B, C, D AND F 


The five 8-bit bidirectional ports (Ports A, В, С, D and Е) each 
have an associated data direction register which configures 
individual data ports for either input or output. Port E is output 
only and port G is input only, therefore, no data direction reg- 
isters are required for these two ports. 


OUTPUT MODE 


If the data direction register for a particular bit position in a 
bidirectional port is a 1, that bit is defined as an output pin. The 
information written into each bit position of the data word is 
loaded into a latch. The information will remain in that latch until 
new data is transmitted to the data word or the power is shut 
off. The output latches are individually connected to output 
drivers for each bit position for which a corresponding bit in the 
data direction register is a 1. The output drivers are double- 
ended, push-pull type. The drivers force the output pins high 
(22.4V) if the output data bit is a 1, or low (20.4%) if the output 
data bit is a 0. The output drivers are TTL compatible. 


INPUT MODE 


If the data direction register for a particular bit position in a 
bidirectional port is 0, that bit position is defined as an input pin. 
When the input/output port is read via an LDA, LDX, LDY, ADC, 
SBC, ORA, AND, EOR, or a BIT instruction, all of the information 
on that port's pins are read into the corresponding register. and 
processed as directed by the instruction. Since the input signal 
lines are at a "float" state, the logic level on them will be read 
as either a 1 or a 0 for that pin position. A low (20.8V) input 
causes a logic 0 to be read and а high (>2.0\) input causes а 
logic 1 to be read. The output values can also be read (if the 
direction bit = 1) since the outputs are also on the pins. The input 
receivers are TTL compatible, are not latched, and are sampled 
near the end of each clock cycle 02 and gated onto the internal 
bus when selected. 


PORT A NIBBLE ADDRESSING 


Whenever a port is shared as an output, care must be exercised 
that one CPU does not destroy the other CPU's output data. In 
general, this can be avoided by allocating complete output ports 
to each CPU so that there is no possibility of conflict. However, 
there may be some situations where at least one port must be 
shared for outputs to get the proper mix for the required appli- 
cation. Port A is slightly different from the other bidirectional 
ports to allow port A to be safely shared as an output port by 
both CPU's. 


Port А is divided into two 4-bit "nibble ports". Each half (nibble) 
of Port A may be independently addressed by each CPU as 
defined by two bits in the Bus Control Register (BCR2 and 
BCR3) as described in Bus Extension and Host Interface sec- 
tion. Depending upon the control bits, either CPU may be 
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assigned to write to both halves, write to neither half (only 
read—the other CPU writes to the whole register), write to top 
half, or write to bottom half. When a mode has been selected 
for writing to only one-half of the port, the other half is unaffected. 


ALTERNATIVIE MODES OF OPERATION 


Bidirectional Ports C, D, and F all have alternative modes of 
operation which may be selected in lieu of the bidirectional port 
capabilities. 


Port C is a data bus for a host computer when the R65C00/21 
iS being used as a programmable peripheral device. This is dis- 
cussed in more detail under Bus Extension and Host Interface. 


Port D is a multiplexed data bus (DO through D7) and address 
bus (АО through А7) when the R65C00/21 is used as a micro- 
computer with external memory and I/O devices. This is also 
detailed under Bus Extension and Host Interface. 


Port F also has the capability of operating in conjunction with 
other segments of the R65C00/21 architecture as described 
below. 


PORT F CONTROL AND STATUS 


The Interrupt Control and Status Register (ICSR) and the Clear 
Interrupt Flags Register (CIFR) contro! апс monitor the opera- 
tion of the Port F external interrupts (bits 2, 1, 0) as well as inter- 
processor communication interrupts. 


When the РЕО edge-sensitive circuit detects a positive transi- 
tion, bit 4 of the ICSR is set to a 1. An internal interrupt request 
(IRQ) is generated to a CPU whenever this bit is set and the 
corresponding PFO Interrupt Enable Flag (ICSR bit 0) is set to 
a 1 for that CPU. Similarly, a negative going transition on PF1 
sets the edge detect flag in ICR bit 5. ICSR bit 1 is the corre- 
sponding PF1 Interrupt Enable bit. As in all cases ofthe interrupt 
enable bits, each CPU has its own set, addressed at the same 
location, but held separately. 


Port Е signal PF2 has an external interrupt request (IRQ) capa- 
bility. When this signal goes low, bit 6 of the Interrupt Control 
and Status Register is set and remains set as long as the signal 
is low. If the corresponding PF2 Interrupt Enable bit (bit 2) in its 
segment of the Interrupt Control and Status Register is a 1 while 
the PF2 Low Interrupt bit (bit 6) is a 1, an interrupt request is 
generated. 


Each CPU may thus control the external interrupt independently 
of the internal interrupts. if the | flag in the Processor Status 
Register of a particular CPU is а 1, no IRQ's will be honored. 
If the | flag is a 0 and that СРО? interrupt enable in bit 2 of the 
interrupt Control and Status Register is a 0, only internal inter- 
rupts will interrupt that CPU. If bit 2 is a 1, any IRQ will be 
honored. 


The Port F signals РЕЗ and PF4 can be used as external inter- 
faces for Counter/Timers А and B, respectively (refer to the 
Counter/Timers description). Finally, PF7 can be used as an 
active-low interrupt to a host processor. The operation of the 
А65С00/21 with a host processor is discussed under Bus Exten- 
sion mode. 
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The Inter-Processor Communication Interrupt (IPCA and IPCB) 
bit in the ICSR allows each CPU to interrupt the other CPU if 
all of the other normal IRQ conditions are correct. CPU A sets 
the IPCB Interrupt Flag in CPU B's Interrupt Contro! and Status 
Register and CPU B sets the IPCA Interrupt Flag in CPU A by 
any write to location 0014, the Inter-Processor communications 
Interrupt Register. This is not an actual register, but writing any 
value here sets the other CPU IPCI flag. This inter-processor 
communications is illustrated in Figure 7. 


Interrupt Control And Status Register (ICSR) 


Bit7  Inter-Processor Communication (IPC) Interrupt Flag 
(A or B) 
1 An inter-processor interrupt is requested by the other 
CPU 

0 No internal interrupt is requested 
Bit6 РЕ2 Low Interrupt Flag (A and В) 

1 РЕ? is low 

0 PF2 is high 
Bit5 РЕ1 Negative Edge Detect Interrupt Flag 

1 A positive-to-negative transition on PF1 occurred 

0 No positive-to-negative transition on PF1 occurred 
Bit4 PFO Positive Edge Detect Interrupt Flag 

1 A positive-to-negative transition on PFO occurred 

0 No positive-to-negative transition on PFO occurred 
Вй 3  Inter-Processor Communication interrupt Enabie 

(A or B) 
1 Enables inter-processor communication interrupt (bit 7) 
Disables inter-processor communication interrupt (bit 7) 

Bit2 РЕ2 interrupt Enable (A or В) 

1 Enables PF2 interrupt (bit 6) 

0 Disables PF2 interrupt (bit 6) 
ви! PF1 Interrupt Enable (A or B) 


1 Enables РЕ? interrupt (bit 5) 
0 Disables PF1 interrupt (bit 5) 


Bito PFO interrupt Enabie (A or B) 
1 Enables PFO interrupt (bit 4) 
0 Disables PFO interrupt (bit 4) 


Figure 7. Inter Processor Communication 
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CLEAR INTERRUPT FLAGS REGISTER (CIFR) 


The Clear Interrupt Flags Register (CIFR) is similar to the ICSR 
in that only one address is used but the bit pattern operates only 
on the status bits for its own processor. Thus only CPU A may 
clear IPCA but either may clear the edge detection flag bits. Bit 
6 will only be cleared when the signal on PF2 goes high. 
Actually, the Clear Interrupt Flags Register is not a register at 
all, but addressing a bit pattern to this location performs the 
function. Any bit to which a zero is written will clear the corre- 
sponding interrupt flag. A read of this word returns logic one's 
so that the new Reset Memory Bit instructions may be used to 
clear these flags. 


Clear Interrupt Flags Register (CIFR) 


NOT USED 


Bit7 Clear Inter-Processing Communication Interrupt Flag 

1 Has no effect on the IPC Flag 

0 Clears the IPC Interrupt Flag (specific CPU, А ог В) 
Bit6 Not Used 

it5 СівагРЕ1 Interrupt Fiag 

1 Has no effect on the PF1 Interrupt Flag 

0 Clears the PF1 Interrupt Flag (either CPU) 
Bit4 Clear PFO Interrupt Flag 

1 Has no effect on the PFO Interrupt Flag 

0 Clears the PFO Interrupt Flag (either CPU) 


Bit 3-0 Not Used 


OUTPUT ONLY PORT Е 


The output characteristics of Port E are identical to that of the 
bidirectional ports. The main difference is that there is no data 
direction register and also no capability of reading the infor- 
mation being output. Attempting to read Port E loads indeter- 
minate data onto the internal bus. 


Port E is a dual function port which, in addition to being an 
output port, can also serve as address bits A15 through А8 
when the R65C00/21 is addressing external memory апа ИО 
devices. This is discussed in more detail under Bus Extension 
and Host Interface. 


INPUT ONLY PORT G 


The input characteristics of the 4-bit Port G are the same as a 
bidirectional port in an input mode. The difference is that only 
four bits are input into the least significant bits of the data reg- 
ister and the most significant bits are loaded as zeros. 
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COUNTER/TIMERS 


There are two separate 16-bit counter/timer systems in the 
А65С00/21: Counter/Timer А and Counter/Timer В. The block 
diagram of the counter/timers (also referred to as the timers, the 
counters, Timer A, or Timer B) is shown in Figure 8. Timer A 
has eight operating modes and five registers while Timer B has 
four operating modes and four registers. Both counter/timers 
have a 16-bit counter comprised of two 8-bit segments: Lower 


Counter (LCA and LCB, where A and B refer to Counter/Timer 
A and B) and Upper Counter (UCA and UCB). Both counter/ 
timers also have a 16-bit latch section consisting of two 8-bit 
segments: Lower Latch (LLA and LLB) and Upper Latch (ULA 
and ULB). In addition, only Timer A has an 8-bit Snapshot Latch 
(SLA) register. 


TIMER A 


DATA BUS 


TIMER B 


ТАСЗ 


+ 128 
PRESCALER |-- #2 


РЕ4/ 2 


Figure 8. Counter/Timer Block ‘Diagram 
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Data are written to the latches which act as holding registers for 
loading or reloading the initial counter/timer values upon mode 
initiation or counter/timer restart. 


Both timers count down from the pre-set latch value and set an 
appropriate underflow flag when the counter counts through 
zero. The counter actually never counts below zero. At the time 
the counter would go negative, the contents of the latches 
replace the count value with no time delay. 


Each counter/timer has three addresses for accessing the five 
(Counter/Timer A) or four (Counter/Timer B) 8-bit registers in 
its system. Consequently, the R/W line also aids in addressing 
the registers. Reading or writing to specific registers may also 
have other effects such as clearing an interrupt flag or trans- 
ferring latch data to the counter. Consult the input/output and 
control register memory map in Table 2 for the effects of reading 
or writing to specific registers in the two counter/timer systems. 


Each counter/timer has operating modes which are clocked 
either at the system clock rate (02) or an external event clock 
rate. In addition, Timer А can operate with a prescaled 92/128 
clock rate. 


COUNTER/TIMER A (TA) 


Counter/Timer A, with its four additional modes and Snapshot 
Latch, is generally more flexible than Counter/Timer B. 


The Snapshot Latch (SLA) solves a problem which sometimes 
occurs when а timer is read. The problem is that between the 
time when the low byte of the 16-bit counter is read and the time 
when the high byte is read it is possible for the high byte to have 
been decremented. The resulting 16-bit value would, in this 
case be incorrect. In many modes of timer, the values are not 
actually read but the zero count transition is important. These 
types of applications do not require the use of the Snapshot 
Latch register. If the timer count value is to be used directly from 
a running timer, however, the Timer A Snapshot Latch should 
beused. - 


Timer A overcomes the problem stated above by sampling the 
value of the upper counter byte into the Snapshot Latch every 
timethe lower counter byte is read. The value of the Upper Coun- 
ter can be obtained by first reading the Lower Counter at address 
0017, then reading the Snapshot Latch at address 0018 or 0019. 
Note that reading address 0019 also resets the Timer A Under- 
flow (UFA) flag. 


A second architectural difference between the two timers is that 
Timer A can have its clock input scaled down by a factor of 128 
during normal power operation. This allows Timer A to measure 
longer periods of time internally while the microcomputer in 
operating at the 92 system clock rate. With a 4 MHz system 
clock, more than two second time intervals (up to 2.097 sec- 
onds) can be measured directly without any software interven- 
tion. Without the prescaler, 16.384 ms is the longest time interval 
at 4 MHz. 
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Timer A Mode Control 


The operation of Timer A is controlled and monitored by the 
Timer A Control and Status Register (TACRS). 


Bits 0-2 select the Timer A mode of operation. 


Bit 3, when set to a 1, causes the clock prescaler to be switched 
into the circuit so that the timer may count longer intervals in 
modes which allow it. 


Timer A Interrupt Enable, TACSR bit 4, if set to a 1 by a CPU, 
enables generation of an internal IRQ to that CPU when the UFA 
flag is set. 


Bit 6 copies bit 3 of Port F (PF3) as this bit has several different 
uses with Timer А. However, when Timer А is not using this bit 
it may be used as any other input or output bit. In any event, bit 
3 of the Port F Data Direction Register must be set appropri- 
ately, for either input or output, whether or not it is used with 
Timer A. 


Bit 7 is the UFA bit which indicates that Timer A has counted 
down through zero. This may be detected by reading the bit or 
may be used to cause an IRQ interrupt if bit 4 of the ТАСА is 
set to a 1. The UFA flag is reset to a 0 by reading SLA or writing 
ULA at address 0019. 


Timer A Control And Status Register (TACSR) 


TIMER A 


MODE 
SELECT 


Bit 7 Timer A Underflow Flag (UFA) 
1 Underflow condition occurred 
0 No underflow 


Bit 6 Port F Bit 3 (PF3) Levei 
1 PF3 High 
0 PF3 Low 


Bit 5 Not Used (Don't саге) 


it4 Timer A interrupt Enable 
Enable Timer A Interrupt 
Disable Timer A Interrupt 


=ч: 
о 

Bit 3 Timer A Clock Prescaier Enable’ 
1 Enable Clock Prescaler (82/128) 
0 Disable Clock Prescaler (02) 


Bits 2to 0 Timer A Mode Зејес! (TAMS) 


Timer A Off 

Free-Run Event Counter Mode' 

Free-Run Pulse Width Measurement Mode' 
Retriggerable One-Shot Timer Mode' 
One-Shot Interval Timer Mode 

Free-Run Interval Timer Mode 

One-Shot Pulse Generation Mode 
Free-Run Pulse Generation Mode 


а-а-а ао оо ојм 
-«-оо-=-=0о ој= 
-о-о-=о- оо 


Мое: 

1. Ргезсаег must be disabled (bit 3=0) for Free-Run Event Counter 
Mode, Free-Run Pulse Width Measurement Mode, and Retrigger- 
able One-Shot Timer Mode. These three modes do not allow 
prescaling. 
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Timer A Operating Modes 


The Timer A mode of operation is selected by setting bits 0-2 
of the Timer A Contro! and Status Register (TACSR) to the 
appropriate code. 


Timer A Off, Mode 0 


Timer А is turned off in this mode. The Timer A Underfiow Flag 
(UFA) stays at its current state. The counter holds its current 
value and may be read. Writing to the registers performs the 
usual functions associated with that address but the counter 
remains stopped. This is the default condition. 


Timer A Free-Run Event Counter, Mode 1 


The Timer A Upper Counter (UCA) and Lower Counter (LCA) 
is loaded with the Timer A Upper Latch (ULA) and Lower Latch 
(LLA) value when the data is written to the Timer A Upper Latch 
at address 0019. Timer A then decrements by 1 at each neg- 
ative transition of the signal on input Port PF3. (The Port F data 
direction register must have a 0 in БЕЗ.) The Timer А Underflow 
Flag (UFA) is set to 1 when the counter decrements below zero. 
At this same time, the latch value is reloaded into UCA and LCA. 
The maximum rate of the signal on PF3 which may be detected 
is one-half of the #2 system clock rate. 


Timer A Free-Run Pulse Width Measurement, 
Mode 2 


Writing to ULA at 0019 transfers the 16-bit latch to the counter 
which operates as a timer in this mode. The initial value in the 
timer is decremented at the 22 rate when the РЕЗ signal is low. 
Otherwise, the counter holds its value. Counting stops when the 
РЕЗ signal goes high and will resume if the signal goes low 
again. if the counter counts below zero, the counter initia! value 
is reloaded from the latches and the UFA flag is set. 


Timer А One-Shot Retriggerable Timer, Mode 3 


This mode is similar to Mode 4 except that the timer restarts 
each time РЕЗ goes through a high-to-low transition and counts 
down until the counter goes through zero. A second difference 
is that the clock prescaler may not be used with this mode. The 
data direction register bit 3 (PF3) must be zero to select input. 


Timer A One-Shot Interval Timer, Mode 4 


Writing to ULA at 0019 transfers the initia! value from the latches 
and starts the timer. The timer counts at either the Й2, or scaled 
02 (02/128), rate. When the counter counts through zero, the 
latch value is transferred to the counter, the УҒА flag is set and 
the counter stops counting. 


Timer A Free-Run Interval Timer, Mode 5 


Writing ОСА at 0019 transfers the 16-bit latch value to the timer 
and starts it running. The counter counts down at either the 22, 
or the scaled 62 (82/128), rate. When the counter counts through 
zero the UFA flag is set, the value in the latches is transferred 
to the counter, and the counter continues to count down. 
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Timer A One-Shot Pulse Generation, Mode 6 


The PF3 data direction register bit must be set to a 1 before 
starting this mode to initially force a high output. Writing ULA 
at 0019 starts the timer and clears the РЕЗ data output bit to 
а 0 causing a low output. The РЕЗ output remains low until the 
timer counts through zero. At this time, the РЕЗ output goes high 
until the mode is restarted or a new mode (5 selected. Тһе ОРА 
flag is also set at this time and the counter is stopped. The timer 
counts at either the 02, or the scaled 02 (02/128), rate. 


Timer A Free-Run Pulse Generation, Mode 7 


The data direction register for РЕЗ must Бә set to a 1 to select 
the PF3 output before starting this mode, Writing to ULA at 
0019 sets РЕЗ to 0 forcing a low output and starts the timer. 
Each time the timer counts through zero, the РЕЗ output changes 
state to generate a square wave at a rate dependent upon the 
latch value. The timer counts at either #2, ог the scaled 02 (g2/ 
128), rate. Each time the counter counts through zero, the latch 
contents are automatically transferred to the timer registers and 
the UFA flag is set. 


COUNTER/TIMER B (TB) 


Timer B is a simpler timer than Timer A but it still retains great 
flexibility. Unlike Timer A, there is no "off" mode (the default 
mode is the Free-Run interval Timer Mode) and there is no sep- 
arate selectable clock prescaler. All counting (except for counting 
external events) is done either at the @2 clock rate or 72/128 
rate (when low power mode is selected). Another difference is 
that Timer B does not have the snapshot latch register for 
freezing the upper timer byte for reading. However, in its normal 
modes the counter counts through zero to set the Underflow 
Flag B (UFB) so that a snapshot latch register is not required. 


Timer B Mode Control 


The operation of Timer B is controlled and monitored by the 
Timer B Control and Status Register (TBCSR). 


Bits 0-1 select the Timer B operating mode. 


Timer B interrupt Enable, bit 4, when set to a 1 by a CPU, 
enables generation of an internal interrupt request (IRQ) to that 
CPU when the UFB flag is set. 


Bit 6 of the TBCSR copies bit 4 of Port F (PF4) as this bit has 
several different uses with Timer B. However, when Timer B is 
not using this bit it may be used as any other input or output bit. 
in any event, bit 4 of the Port F Data Direction Register must 
be set appropriately for either input or output whether or not it 
is used with Timer B. 


Bit 7 in the TBCSR is the UFB bit which indicates that Timer B 
has counted down through zero. This may be detected by 
reading the bit or may be used to cause an IRQ interrupt if bit 
4 of the TBCSR is set to a 1. The UFB bit is reset by either 
reading UCB or writing to ULB at address 0010. 
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Timer В Control and Status Register (TBCSR) 


TIMER B 


MODE 
SELECT 


Bit 7 Timer В Underflow Flag (ЈЕВ) 
1 Underflow condition occurred 
0 No underflow 

Bit 6 Port F Bit 4 (PF4) Level Indicator 
1 PF4 High 
0 РЕ4 Low 

Bit 5 Not Used (Don't care) 

Bit 4 Timer B Interrupt Enable 
1 Enable Timer B Interrupt 
0 Disable Timer В Interrupt 

Bits 3-2 Not Used (Don't care) 

Bits 1-0 Timer В Mode Select (TMS) 

1 0 


0 0 Free-Run interval Timer Mode 

0 1 Free-Run Pulse Generator Моде 
1 0 Event Counter Mode 

1 1 Pulse Width Measurement Mode 


Timer B Operating Modes 

The Timer В operating mode is selected by setting bits 0 and 
1 м the TBCSR to the appropriate code. 

Timer B Free-Run Interval Timer, Mode Q 


Writing to Timer B Upper Latch (ULB) at 001D transfers the 
16-bit latch value to the timer and starts it running. The counter 
counts down at the #2 rate. Wheh the counter counts through 
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zero, the Timer B Underflow Flag (UFB) is set to a 1, the value 
in the latches is transferred to the counter and the counter con- 
tinues to count down. 


Timer B Free-Run Pulse Generation, Mode 1 


The data direction register for PF4 must be set to a 1 to select 
PF4 output before starting this mode. Writing to ULB at 001D 
sets PF4 to 0 to force the PF4 output low and starts the timer. 
Each time the timer counts through zero, the PF4 output changes 
state to generate a square wave at a rate dependent upon the 
initial value loaded into the latches. The timer counts at the #2 
rate. Each time the counter counts through zero, the latch values 
are automatically transferred to the timer registers and the UFB 
flag is set to a 1. 


Timer B Event Counter, Mode 2 


The data direction register bit for PF4 must be set to a 0 to select 
PF4 input prior to selecting this mode. The counter is loaded 
with the latch value when the ULB data is written to address 
0010. Timer B then decrements by 1 at each negative transition 
on input Port PF4. The Timer B Underflow Flag (UFB) is set to 
а 1, when Counter B counts through zero. At this same time, 
the latch value is reloaded into Timer B. The maximum rate of 
the signal on PF4 which may be detected is one-half of the ge 
Clock rate. 


Timer B Pulse Width Measurement, Mode 3 


Writing to ULB at 0010 transfers the 16-bit latch value to the 
counter. The initial value in the timer is decremented at the 22 
rate when the РЕ4 signal is low. Each time the PF4 signal goes 
high, the counter stops and then continues when the signal is 
low again. If the counter counts through zero, the UFB flag is 
set to 1 and the latch value transfers to reinitialize the counter 
and the countdown continues as long as PF4 is low. 
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BUS EXTENSION 


In addition to its application as a single-chip microcomputer, the 
bus extension mode allows the R65C00/21 to operate as a micro- 
processor with external memory and 1/0. 


BUS EXTENSION MODE 


When the R65C00/21 is used as a single-chip microcomputer, 
ali of the output ports may be used as input or output ports. 
However, to use the R65C00/21 with external ROM, RAM, or 
VO, a number of the ports act as extensions of the internal 
address and data buses. Specifically, Port D becomes dedi- 
cated as a multiplexed 8-bit data and address bus. Port D pro- 
vides both the data bus (DO through D7) and the iow bits of the 
address (A0 through А?) on pins PDO through PD7. When a bus 
extension mode is selected, the Port D Data Direction Register 
must be cleared to zero (its default condition) to configure Port 
D as all inputs. The R65C00/21 then controis Port D as ап 
extension of the internal bus structure and provides an active- 
low External Memory Select (EMS) strobe signal at the time the 
address bits are available. The EMS signal is present even 
when Port D is being used as a normal input/output register. 


The R65C00/21 has the option of using 8-, 12- ог 16-bit address 
bus extensions. Selection of the bus extension mode is con- 
trolled by bits 0 and 1 of the Bus Control Register (ВСВ). When 
the 8-bit mode is selected, only the Port D multiplexed address/ 
data bus function is required. However, if either the 12- or 16- 
bit address bus extension is selected, either one һа! or all of 
output Port E also becomes dedicated to the bus extension 
function. If a 16-bit bus extension is selected, then all of Port E 
becomes the upper address bits A8 through A15 on pins PEO 
through РЕ7, respectively. If the 12-bit bus extension is selected, 
then the address lines A8 through A11 appear on PEO through 
РЕЗ. In this case, PE4 through РЕ? have their usual output 
function. 


Since Port D is multiplexed, it is necessary that external latches 
be supplied to hold the lower eight bits of the address bus. Тһе 
EMS output is low when the address is being supplied from Port 
D. All of the other necessary contro! bus signals are also pro- 
vided; these include 02 and R/W. The SYNC and ЙА signals are 
also brought out for use by development systems and bus ana- 
lyzers for system debugging. 


In a one-chip configuration, the 128 bytes of internal page one 
RAM (address 0180 through 01FF), is logically combined with 
page (0080-00FF). However, when an extended bus is used, 
the stack page may be addressed in its normal range in external 
memory (0100-01FF). When bit 4 of the Bus Control Register 
is a 0, page one is internal and shared with page zero; when it 
is a 1, page one is external allowing full 256 bytes available to 
the two stacks. 
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Figure 9 is an overall block diagram of a system using the 
R65C00/21 in the bus extension mode. 


The CPU A Active signal (bit 7 of the BCR) is high when CPU 
A is controlling the system bus, and low when CPU B is active. 
This bit copies the state of the ВА output signal. Consequently, 
the bit may be sampled in common subrcutines to determine 
the calling CPU, or for bank selection purposes. Thus, CPU A 
and CPU B may have some external memory or /О dedicated 
to their exclusive use. Each may separately address as much 
as 59.5K bytes of external memory map, or external memory 
may be shared. 


Bus Control Register (BCR) 


3 2 


PORTA BUS 
NIBBLE EXTENSION 
MODE МОРЕ 


Bit 7 CPU A Active 
1 CPU A active 
0 CPU B active 
Bits 6-5 Мо! Used (Don’t Care) 
Bit4 Page One External/internal Mapping 
1 Page One External 
0 Page One Internal 
Bits 3-2 Рогі A Write Nibble Control" 


3 2 

0 0 CPU A writes to both halves (РАО-РА7). 

0 1 CPU A writes to upper half (PA4-PA7); CPU B 
writes to lower half (PAO-PA3). 

CPU A writes to lower half (PAO-PA3); CPU B writes 
to upper half (РАО4-РА7). 

CPU B writes to both halves (PAO-PA7). 


Bus Extension Mode 


Bus Extension Mode not selected. 

8-bit Address Extension Mode. Range equals 256. 
12-bit Address Extension Mode. Range equals 4096. 
16-bit Address Extension Mode. Range equals 
65,536. 

Note: 

“Either CPU may read the fuil port at any time. 
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PORT A 


PORT B 


PORT C 


R65C00/21 
DUAL 
MICROCOMPUTER 


PORT F 


SYNC 


9A 


UP TO 
59.5K BYTES 
EXTERNAL 
MEMORY 
AND 
PERIPHERALS 


| PORT D DATA 8 | 


R/W 


NOTE: 
*УРРЕЯ ADDRESS EXTENSION MAY ВЕ 0, 4 OR 8 LINES. 


Figure 9. Bus Extension Mode Biock Diagram 
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PROGRAMMABLE PERIPHERAL 
TO A HOST MODE 


An overall block diagram of a system using an R65C00/21 as 
an intelligent controller is shown in Figure 10. 


In this configuration, three of the R65C00/21 input/output ports 
have special significance. Port C becomes the interface with the 
host data bus (Port C’s Data Direction Register must specify as 
the input; i.e., all zeros). Pin РЕ? becomes ап active-low Host 
Interrupt (HINT) line, and the 4-bit input Port G becomes the 
control pins interface to the Host computer. 


The R65C00/21 is configured to operate as a peripheral for 
either the R6500 or 6800 families, or the Z80 or 8080 families. 
When operating in the 6500/6800 mode, PGO is an input for the 
host 02 (Hg2) and PG1 is the input for the host R/W (HRW) 
control lines. 


When operating in the 280/8080 mode, PGO accepts the host 
RD (HRD) control and PG1 provides the host WR (HWR) control. 


In both cases, PG2 serves as a register select (HRS) and PG3 
acts as an active-low chip select (CS) from the host. HRS is 
used in conjunction with the CS and HWR to control reading or 
writing of data or status information as shown in Table 4. 


Control of the host mode options is provided by the Host Control 
and Status Register (HCSR). 


When the host writes a byte into the Input Buffer (Port C), the 
input Buffer Full (IBF) flag is set to a 1. Similarly, when a byte 
is read from the Output Buffer (Port C) by the host, the Output 
Buffer Full (OBF) flag is cleared to a 0. Setting bit 3 ofthe HCSR 
enables generation of an internal interrupt request (IRQ) when 
either the IBF flag is a 1 ог the ОВЕ flag is a 0. This logic is 
duplicated for both CPU's. 


Setting bit 2 of the HCSR to a 1 enables generation of any 
interrupt signal to the host computer. п this case, bit 7 of Port 
F is pulled low by either a write to Port C (Output Buffer) or a 
read from Port C (Input Buffer), by either of the R65CO0/21 
CPU's. 


Bit 5 of the HCSR is actually two different bits representing Reg- 
ister Select Input (RSI) and Register Select Output (RSO). The 
R65C00/21 writes bit RSO and reads bit RSI, whiie the host 
writes RSI and reads RSO. The R65C00/21 writes a 0 to this 
bit when Port C is addressed at 0002 and a 1 when Port C is 
addressed at 0003. When the host writes to the Н65С00/21 
through Port C, the level of the HRS input is copied into the RSI 
bit. This bit allows the communications between the host system 
and the R65C00/21 to flag the type of data being transferred 
so that command information may be distinguished from data. 
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Table 4. Register Select Control 


| cs | наѕ | нам | но Host Function 
(PG3) | (PG2) | (PG1) | (РСО) | (6500/6800 Моде) 
H = = ка Host Interface Deselected 
L L L H Write Input Buffer, 
HCSR5 RSI cleared, set IBF 
L L H H Read Output Buffer, Clear ОВЕ 
L H L H Write input Buffer, 
HCSR5 RS? set, set IBF 
L H H H Read upper 3 bits of HCSR; 


ОВЕ, IBF & RSO 


| 


cs | == Awa | HAD | Host Function 


(РСЗ) | (PG2) | (РО1) | (РОО) (8030/7280 Mode) 
H = - -- || Deselected | 
L L L H Write Input Buffer, 
НС$А5 RSI cieared, set IBF 
L L H L Read Output Buffer, Clear OBF 
L H L H [Write Input Buffer, 
HCSR5 #51 set, set IBF 
L H H L Read upper 3 bits of HCSR; 
| ОВЕ, IEF & RSO 
Host Control and Status Register (HCSR) 
7 6 | s 4 3 | 2 | 1 | 0 
О/Р ЏОА 
BUFF |BUFF | VO INT = 
FULL |FULL REG NOT ENBL HOST | HOST | HOST 
FLAG |FLAG a 008 | ЕМБІ |ENBL | TYPE 
(OBE) {(IBF) |( ENBL | 
Bit 7 Output Buffer Empty (OBE) Flag 
1 Output Buffer Ful 
0 Output Buffer Empty 
Bit 6 Input Buffer Full (IBF) Flag 
1 Input Buffer Full 
0 Input Buffer Empty 
Bit 5 Register Select 
= Distinguishes commands from data. Host reads 
RSO and R65C00/21 reads RSI. Selection of 1 or 0 
to represent commands or data is user defined. 
Bit 4 Not Used. (Don't саге} 
Bit 3 Input/Output Buffer Interrupt Enable 
1 Enable IRQ IBF = 1) 
0 Disable IRQ 
Bit 2 Host Interrupt (HINT) Output Enable 
1 Disable HINT Output to Host 
0 Enable HINT Output to Host (ОВЕ = 1) 
Bit 1 Host Bus Enable 
1 Disable Host Bus 
0 Enable Host Bus 
Bit 0 Host Bus Type 
1 Host Bus is 280/8080 
0 Host Bus is 6500/6800 
Note: 


Register is cleared to all zeros by RES. 
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XTALO 
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SYNC 
9A 
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PORT A 


PORT B 


PORT D 


PORT E 


HOST 
SYSTEM 


Figure 10. Host Mode Block Diagam 


EMULATION MODE 


The R65C00/21 can operate in an emulation mode under exter- 
nal signal control. 


Emulation mode deselects the internal ROM and enables the 
16-bit Expanded Bus mode, independent of the bus mode pro- 
grammed in the Bus Control Register. Since the Expanded Bus 
mode uses peripheral Ports D and E, provision is made for 
these to be emulated in external hardware. This is accom- 
plished by forcing all memory references to Ports D and E to 
be External Bus cycles. Accesses to the Data Direction Register 
for Port D are also forced external. 
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To further aid program development in emulation mode, all bus 
cycles which perform a memory or /О write operation, whether 
the true destination is internal or external, will assert the External 
Memory Strobe (EMS) signal. This allows a copy of internal reg- 
ister and memory values to be kept in external memory. 


Emulation mode is selected by applying the 02 output clock 
signal to the RES input pin. 
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INSTRUCTION SET IN ALPHABETIC SEQUENCE 


The following table contains a summary of the R65C00/21 and The instructions notated with a * are added instructions for the 
H65C29 CPU instruction set. For detailed information, consult R65C00/21 and R65C29 which are not part of the standard 
the R6502 Microcomputer System Programming Manual, Order 6502 instruction set. 

No. 202. 


Instruction Set in Alphabetic Sequence 


Mnemonic Description 1 Mnemonic 1 Description 
ADC Add Memory to Accumulator with Carry LDA Load Accumuiator with Memory 
AND “AND” Memory with Accumulator LDX Load Index X with Memory 
ASL Shift Left One Bit (Memory or Accumulator) LDY Load Index Y with Memory 
LSR Shift One Bit Right (Memory o* Accumulator) 

*BRA Branch Always 

*BBR Branch on Bit Reset Relative *MUL Multiply 

“BBS Branch on Bit Set Relative 

BCC Branch on Carry Clear NOP No Operation 

BCS Branch on Carry Set 

BEQ Branch on Result Zero ORA “ОВ” Memory with Accumulator 

BIT Test Bits in Memory with Accumulator 

BMI Branch on Result Minus PHA Push Accumulator or Stack 

BNE Branch on Result not Zero PHP Push Processor Status on Stack 

BPL Branch on Result Plus *РНХ Push Index X 

BRK Force Break *РНУ Push Index У 

BVC Branch on Overflow Clear : PLA Pull Accumulator from Stack 

BVS Branch on Overflow Set PLP Pull Processor Status from Stack 
*PLX Pull Index X 

CLC Clear Carry Flag "PLY Pull Index Y 

CLD Ciear Decimal Mode 

сц Clear Interrupt Disable Bit “RMB Reset Memory Bit 

CLV Clear Overflow Flag ROL Fiotate One Bit Left (Memory or Accumulator) 

CMP Compare Memory and Accumulator ROR Rotate One Bit Right (Memory or Accumulator) 

CPX Compare Memory and Index X RTI Return from Interrupt 

CPY Compare Memory and Index Y RTS Return from Subroutine 

DEC Decrement Memory by One SBC Subtract Memory from Accumu ator with Borrow 

DEX Decrement Index X by One SEC Set Carry Flag 

DEY Decrement Index Y by One SED Set Decimal Mode 
SEI Set Interrupt Disable Status 

EOR "Exclusive-Or" Memory with Accumulator *SMB Set Memory Bit 
STA Store Accumulator in Memory 

INC Increment Memory by One STX Store Index X in Mernory 

INX Increment index X by One STY Store Index У in Memory 

INY Increment Index Y by One 
TAX Transfer Accumulator to Index X 

JMP Jump to New Location TAY Transfer Accumulator to Index Y 

JSR Jump to New Location Saving Return Address TSX Transfer Stack Pointer to Index X 
TXA Transfer Index X to Accumulator 
TXS Transfer Index X to Stack Register 

LL TYA L Transfer Index У to Accumulator 
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INSTRUCTION SET SUMMARY 
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INSTRUCTION SET OPERATION CODE MATRIX 


The following matrix shows the op codes associated with the the number of instruction bytes, and the number of machine 
R65C00/21 and R65C29 CPUs. The matrix identifies the cycles associated with each op code. Also, refer to the instruc- 
hexadecimal code, the mnemonic code, the addressing mode, tion set summary for additional information on these op codes. 
LSD 
a 0 1 2 3 4 5 6 7 8 9 A B с D E F 
о T T 
= BRK | ORA | MUL | ОВА | ASL | RMBO| РНР | ОВА | ASL ОВА | ASL | BBRO 
0 | Implied | (IND, X) | Implied ZP 2Р ZP Implied | IMM | Accum ABS ABS 2Р 0 
кра E 23/25/25!/13;22/1 2 34/3 6/3 5" 
+ + ја == 
BPL | ORA ORA | ASL | RMB1 | CLC | ORA ORA | ASL | BBR! 
1 | Relative | (IND), Y гРХ | 2P.X | ZP | implied | ABS, Y ABS, X|ABS, Х | 2 Р 1 
22"|2 5 24 612511213 4 341137135" 
| |ы. = | EE з | E 
JSR | AND BIT | AND | ROL | RMB2| PLP | AND | ROL BIT | AND | ROL | BBR2 
2 |Absolute| (IND, X) 2Р 2Р 2Р ZP | Implied | ІММ | Accum ABS | ABS | ABS 2Р 2 
|136 26 23 23| 25 [25| 14 |22 [тг 34134136 |з 5" 
TC + 4- - ~. 
| BMI | АМО | AND | ROL | RMB3 | SEC | АМО AND | ROL | BBR3 
3 | Relative; (IND, Y) 2Р,Х | 2Р,Х | ZP | Implied | ABS, Y ABS, X | ABS,X| ZP 3 
2212 5 24|26|25 12|3^« за |37|3 5" 
+ H H -4- - + — 
RTI | EOR EOR | LSR | RMB4 | PHA | EOR | LSR JMP | EOR | 58 | BBR4 
4 | Implied | (IND, X) ІР ІР ZP | Implied | IMM | Accum ABS | ABS | ABS zp 4 
16/26 23125 | 25| 13 | 22112 33|3413613 5" 
—= + + + + 
ВУС | EOR ЕОВ | LSR | RMBS | CLI EOR | PHY EOR | -SR |.BBR5 
5 | Relative | (IND), Y ' 2Р,Х | 2Р,Х | 2Р | Implied | ABS, У | Implied АВ5,Х |АЗ5,Х| ZP 5 
22" 2 5 24|261|251121|3 4413 34137135" 
E san 1 E: | |: 
АТ$ | АОС ADC | ROR | RMB6 | PLA | ADC | ROR JMP | АОС | ROR | BBR6 
6 | Implied | (IND, X) 2Р 2Р 2Р Implied IMM Accum 4 indirect| ABS ABS 2Р 6 
16/26 23|25,|25]|124]|22 |12 35'34'|36|3 5" 
—- 1. - + ТЕ 4 +— = 
ВУЗ | ADC ADC | ROR | RMB7 | SEI | ADC | PLY ADC | ROR | ВВА7 
7 | Relative| (IND, Y) ZP,X | ZP,X ТР | implied | ABS, У | Implied ABS, X | ABS,X | ZP 7 
22712 5 24126 1 25 | 12 |за ід за зт [3 5" 
4 EE | А E | sli 
STA STY | STA | STX | SMBO | DEY TXA STY | STA | STX | BBSO 
8 [Relative | (IND, X) 2Р 2Р 2Р 2Р implied Implied ABS ABS ABS 2Р 8 
26 23 23| 23| 25 |12 12 зај за | за |з 5" 
ВСС | 5ТА "sew | sta | stx | мв: | TYA | sta | тхе STA | pest 
9 | Relative | (IND, Y) 2Р,Х | 2Р,Х | 2Р, Y 2Р implied | ABS, У | Implied ABS, X гР 9 
22| 2 6 24/24/24/25]12;/3 5/12 |: 35 3 5" 
-- + Б + i-—- i 
LDY | LDA | LDX LDY | LDA | LDX | SMB2 | ТАУ | LDA | TAX LDY | LDA | 10Х | BBS2 
А | IMM |(IND, X) | IMM zp 2Р 2Р ZP | трћед | IMM тред ABS | ABS | ABS ЇР |А 
SERE M 22 ета 23 ее: 2212 34'34 34 |3 5" 
dc И == + das 
| BCS | LDA Џоу. | LOA | LDX | SMB3| CLV | LDA | TSX LDY | LDA | LDX | ввзз 
B | Relative} (IND), Y 2Р,Х | Z.X | 7Р.У | ZP | Implied | ABS, Y |Implied ABS.X| ABS,X|ABS,Y| ZP |В 
227|2 5 24124 |24125 | т2 |за jiz 3 4) 3 47) 3 4 [3 5" 
+ + + Г 
СРҮ | СМР СРҮ | CMP | DEC | SMB4 | INY | СМР | DEX СРҮ | СМР | DEC | BBS4 
с | мм |(IND, X) zp 2Р 2Р ZP | (трнед | ММ | Implied ABS | ABS | ABS ze |С 
22|2 6 23) 23| 25| 25112 |22 [12 за! за | 2 6 |3 5" 
+H 4. --- + 
ВМЕ | СМР СМР | DEC | $МВ5 | CLD | СМР | PHX СМР | DEC | ВВ55 
D | Relative} (IND), Y 2Р,Х | ZP,X zP Implied | ABS, У | Implied ABS, X | ABS, X 2Р D 
2 2°|2 5 24/2 2 12139413 34137 |3 5" 
| 4 | 4 j- - 3 +— 4 : |. 1м 4 
CPX | SBC CPX | SBC | INC | SMB6 | INX SBC | МОР CPX | SBC | INC | BBS6 
E | IMM | (IND; X) zp 2Р 2Р ZP | implied | IMM | Implied | ABS | ABS | ABS 2Р Е 
22/26 23 23| 25| 25| 12122 |12 за! за! 36 |3 s" 
cm = laci t d + + T 1- = “к 
ВЕС | SBC spc | INC | 5мв7 | SED | SBC PLX SBC | INC | BBS7 
F | Relative| (IND), Y ZP,X | 2Р,Х | ZP | Implied | ABS, Y | Implied ABS, X | ABS,X | ZP F 
2 a7] 2 5 24/26/25 | 12 |за | 44 3437 [3 5" 
0 1 2 3 4 5 6 7 8 9 A B (9 D E F 
0 
BRK — ОР Code E " 
0 | Implied | — Addressing Mode — New Орсоде Add 1 to N if page boundary is crossed. 
1 7 | —Instruction Bytes; Machine Cycles "Add 1 to N if branch occurs to same page: 


Add 2 to N if branch Occurs to different page. 
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R65C00/21 ө R65C29 Dual CMOS Microcomputer/Microprocessor 


ИО PORT WAVEFORMS—ALL PORTS 


#2 


PORT INPUT 


PORT OUTPUT 


ИО PORT TIMING—ALL PORTS 


Input Data Setup Time 


Input Data Hold Time 
All ports except D 


Output Data Delay Time 
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А65С00/21» R65C29 Dual CMOS Microcomputer/Microprocessor 


EXPANSION BUS TIMING 
Voc = 5.0V = 10%, Ta = 0°С to 70°C 


Parameter 


RW Delay Time 

PE Address Delay Time 

РО Address Delay Time 

PD Address Hold Time—Read 
Data Delay Time—Write 

Data Hold Time-——Write 

Data Setup Time —Read 

Data Hold Time—Read 

EMS Delay Time—Address Valid to EMS Low 
EMS Delay Time—@2 to EMS Low 
EMS Hold Time 

92 Cycle Time 

Pulse Width 22 Low 

Pulse Width 02 High 

ЙА Delay Time —82 to ВА 


Note: 
“2 Frequency 


EXPANSION BUS WAVE FORMS 


m 
9; 
TPWL TPWH 
TEMC 
EMS TEMA oum TEMH А 


TAED 


PD ADDR |. - — y ОАТА ADDR |. 


TADD TDDW TDHW 


TADH —— 


——— READ CYCLE 


— WRITE CYCLE 
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А65С00/21 • R65C29 


Dual CMOS Microcomputer/Microprocessor 


MAXIMUM RATINGS* 


C mass Гая уш — [Uni] 
Sus ка 
TA 


Input Voltage - 0.3 to Усс +0.3 
Operating Temperature | ТА | Oto +70 
Storage Temperature -55 to +150 


DC CHARACTERISTICS 
Усс = +5.0V + 10%, ТА = 


Input High Voltage 
Input Low Voltage 


Output High Voltage 
Input Leakage Current 
Output Low Voltage 


Output Low Current 
{All ports except Port G) 


Input Capacitance 
(XTALO, ХТАЦ) 
(All Others) 


Output Capacitance 


Operating Frequency 
Crystal or Master Clock 
02 Clock 


Power Dissipation 


0°C to 70°C (unless otherwise specified) 


*NOTE: This device contains circuitry to protect the inputs 
against damage due to high static voltages, however, it is 
advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this circuit. 


Note: Negative sign indicates outward current flow, positive sign indicates inward current flow. 
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R65C00/21« R65C29 Dual CMOS Microcomputer/Microprocessor 


PACKAGE DIMENSIONS 


64 PIN PLASTIC QUIP (QUAD IN-LINE PACKAGE) 


MILLIMETERS 
MIN MAX 


INCHES 
MIN MAX 


g 
= 


2,79 
18.92 
23.37 


а 
А 4115 41.66 1.620 1.640 
B 17.02 17.53 0.670 0.690 
33 64 с 3.05 457 0.20 0.180 
| D 0.38 0.51 0.024 0.020 
B F 127850 | 0.050 BSC 
G 2.54 BSC 0.100 BSC 
| H 1.02 1.14 
32 J - - 
K 
L 
M 


3-34 


R65F11 е R65F12 


6 E | R65F11 AND R65F12 


FORTH BASED MICROCOMPUTERS 
Rockwell 


SECTION 1 
INTRODUCTION 


1.1 FEATURES e Flexible clock circuitry 
: —2-MHz ог 1-MHz internal operation 
è FORTH коте ROM —4Internal clock with external XTAL at two times internal 
е Enhanced 6502 CPU frequency 
—-Four new bit manipulation instructions: —External clock input divided by one or two 


Set Метогу Bit (SMB) 


À e 1 дв minimum instruction execution time (д 2 MHz 
Reset Memory Bit (RMB) e NMOS silicon gate, depletion load technology 
Branch on Bit Set (BBS) e Single +5V power supply 
Branch on Bit Reset (BBR) • 12 mW standby power for 32 bytes of the 192-byte RAM 
—Decimal and binary arithmetic modes ; 
—13 addressing modes о PIN DIP РЕЗЕ 
тте ind Band e 64-pin QUIP (R65F12) has three additional 8-bit I/O ports to 
• 192-byte static RAM provide a total of 40 ЏО lines. 
e 16 bidirectional, TTL-compatible I/O lines (two ports, R65F11) 
or 40 bidirectional, TTL-compatible ИО lines (five ports, 1.2 SUMMARY 
R65F12) The Rockwell R65F11 and R65F12 are complete, high-perfor- 
• One 8-bit port with programmable latched input mance, 8-bit NMOS single chip microcomputers, and are com- 


e Two 16-bit programmable counter/timers, with latches РАЧЕ with all: етра of the 6500 faris 


— Ризе width measurement 
—Азутте са! pulse generation 
--Риіве generation 

—Interval timer 

—Event counter 


The kernel of the high level Rockwell Single Chip RSC-FORTH 
language is contained in the preprogrammed ROM of the R65F11 
and R65F12. RSC-FORTH is based on the popular fig-FORTH 
model with extensions. АН of the run time functions of RSC- 
Р А ) FORTH are contained in the ROM, including 16- and 32-bit 
~ Retriggerable ыы шы mathematical, logical and stack manipulation, plus memory and 
e Serial port } input/output operators. The RSC-FORTH Operating System 
—Full-duplex asynchronous operation mode allows an external user program written in RSC-FORTH or 
—Selectable 5- to 8-bit characters Assembly Language to be executed from external EPROM, or 
—Wake-up feature development of such a program under the control of the R65FR1 


— Synchronous shift register mode RSC-FORTH Development ROM. Other development ROM's 
—Standard programmable bit rates, programmable up to can also be accommodated. 


62.5K bits/sec 


e Ten interrupts The R65F11 and R65F12 consist of an enhanced 6502 CPU, 
— Four edge-sensitive lines; two positive, two negative an internal clock oscillator, 192 bytes of Random Access Memory 
—Reset (RAM) and versatile interface circuitry. The interface circuitry 
—Non-maskable includes two 16-bit programmable timer/counters, 16 bidirec- 
— Two counter tional input/output lines (including four edge-sensitive lines and 
—Serial data received input latching on one 8-bit port), a full-duplex serial YO channel, 
—Serial data transmitted ten interrupts and bus expandability. 


• Expandable to 16K bytes of external memory 
The innovative architecture and the demonstrated high регіог- 
mance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of 


Document No. 29651N49 Product Description Order No. 2146 
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computational power. These features in combination with the 
FORTH high level operating system make the R65F11 and 
R65F12 ideal for microcomputer applications. 


For systems requiring additional ИО ports, the 64-pin QUIP 
version, the R65F12, provides three additional 8-bit ports. 


A complete RSC-FORTH development system can be cre- 
ated with three MOS parts: the R65F11, one RAM chip and 
the R65FR1 Development ROM. 


This product description is for the reader familiar with the 
R6502 CPU hardware and programming capabilities. A 
detailed description of the R6502 CPU hardware is included 
in the R6500 Microcomputer System Hardware Manual 


FORTH Based Microcomputers 


(Order Number 201). A description of the instruction capabilites 
of the R6502 CPU is contained in the R6500 Microcomputer 
System Programming Manual (Order Number 202). 


1.3 ORDERING INFORMATION 


= ^ S er, 
Part No. Description 
R65F11P 40-Pin FORTH Based Microcomputer at 1 MHz 
R65F11AP | 40-Pin FORTH Based Microcomputer at 2 MHz 
R65F12Q 64-Pin FORTH Based Microcomputer at 1 MHz 
R65F12AQ | 64-Pin FORTH Based Microcomputer at 2 MHz 
R65FR1P FORTH Development ROM for R65F11 or R65F12 
R65FR2P FORTH Development ROM for expanded capacity 
R65FK2P FORTH Kernel ROM for expanded capacity 
development 

R65FR3P FORTH Development ROM for R6501Q 
R65FK3P FORTH Kernel ROM for R6501Q 
Order No. | Description 
2148 FORTH Based Microcomputer User's Manual* 
Note: 
*included with R65FR1. 1 
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SECTION 2 
INTERFACE REQUIREMENTS 


This section describes the interface requirements for the 
R65F11 and R65F12 single chip microcomputers. Figure 
2-1 is the Interface Diagram for the R65F11 and R65F12, 
Figure 2-2 shows the pin out configuration and Table 2-1 
describes the function of each pin of the R65F11 and R65F 12. 
Figure 3-1 is a detailed block diagram. 


хто T 


хи —— 
" ето 
RES EN т 
INTERRUP' 
М-ы Logic 


EDGE DETECT 


ҚҰС» ғао-ға? (РАС, РАТ. 
POSITIVE: PA2. РАЗ 
NEGATIVE EDGE DETECTS) 


PORT А 


oo PBO-PB7 (LATCHED INPUTS) 


OS(PAO) (INPUT DATA STROBE!" 


92.6 we ats AE tes 
г. міз. ЕМЕ (РСо- РСТ) 
ам РОЯТ С 
KO лели! ADDFDO-D7 DATA aus 

3072.8 (PDO-PD7) 

ом PORT D 
„_______- 

CONTROL 87 4—5 СА (РАДУ 


4—9 CB (PAS) 


ЗОРА 
SI (PAT) 


parar OD T o. Il ow dua PEC-PET 


PFO-PFT 


"MULTIPLEXED FUNCTION PINS 


ooo 


Figure 2-1. R65F11 and R65F12 interface Diagram 


3-37 


Tabie 2-1. R65F11 and R65F12 Pin Descriptions 


Signal | Pin No. | Pin No. 
Мате | R65F11 | R65F12 Description 
Main power supply +5V 


Separate power pin for RAM. 
In the event that Усс power 
is lost, this power retains 
RAM data. 


Signal and power ground (OV) 


Crystal or clock input for in- 
temal clock osciiiator. Also 
allows input of X1 clock sig- 
nal if XTLO is connected to 
Vss or X2 or X4 clock if 
XTLO is floated. 


Crystal output from internal 
Clock osciliator. 


The Reset input is used to 
initialize the R65F11. This 
Signal must not transition from 
low to high for at least eight 
cycles after Vcc reaches op- 
erating range and the inter- 
nal oscillator has stabilized. 


Clock signal output at inter- 
nal frequency. 

A negative going edge on the 
Non-Maskable interrupt sig- 
nal requests that a non- 
maskable interrupt be gen- 
erated within the CPU. 


Two 8-bit ports used for either 
input/output. Each line of 
Ports A and B consist of an 
active transistor to Vss and 
a passive puli-up to Vcc. 


Port C has an active pull-up 
transistor. Port D has active 
puil-up and puli-down tran- 
sistors. Ports C and D lines 
form the external multiplexed 
address and data bus to ai- 
low external! memory ad- 
dressing. 

On the R65F12, Port E may 
be used for output only. Ports 
F and G are similar to Ports 
A and B in construction and 
may be used for inputs or 
Outputs. 


A13, EMS 


PDO-PD7 
A4-A11 
50-07 


PEO-PE7 
PFO-PF7 
PGO-PG7 
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Interface Diagram 


PBS 


PAI 


PAT 
чм! 


R65F11 Pin Out Designation 


interface Diagram 


R65F12 Pin Out Designation 


—> 
0.190 МАХ 
(4.82 мм) 
S. 
рот оп мотсн 0.155 MAX 
TO LOCATE (3.93 MM) 
PIN NO. 1 


alic 


т. в 


[v 


HL 

25 

$t 
6.100 MIN 
{2.54 ММ) 


0.010 MIN 
pat- {9.25 MM) 


ym 


(48.51 ММ) 


(48.00 MM) 


19 EQUAL SPACES 
0.100 & TOL NONCUM. 
12.54 мы) 


1.910 
00$ d 1.890 
Yo» А] — im А } 
1 
0.500 МАХ ТУР. ТУР. 
9| (дамм [Г {1.65 ММ) 0.065 (0.55 MM) 0.022 
(90! MM) 0.040 {6.45 MM) 0.616 


10 МАХ 


6.600 ТҰР 
(15.87 MM) 


40 PIN DIP 


R65F11 Dimensionai Outiine 


А ^ Lt "p-—-t—4 => 
© | === 
| Боза oa 
B 
s Ec 
оз TYP, =] Е- І mare d 
(508 мм) = | | ; 
| E z | rig 
| == Е | | 
Б n 
Е | 
1428 i | 
(41.36 MM) = [Pdi | 
| = Ec o | | : 
| == Е-е фо 
| c PE 
| == = 2? 
| я ees FE А 
; Б” H | 
| E i | | 
t Б” қ i | | 
—q-* i 23 
Es ээ -& S-L 
СТ E 
өю (137 мм) и 
a (17.27 MM) ——=>) ТҮР 
925 
[—— — (23.406 мм) == 


64 РІМ ОХР 


R65F12 Dimensionai О пе 


"igure 2-2. Pin Out Configuration 
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FORTH Based Microcomputers 


SECTION 3 
SYSTEM ARCHITECTURE 


This section provides a functional description of the R65F11 
and R65F12. Functionally the R65F11 consists of a CPU, 
RAM memory, two 8-bit parallel VO ports (five in the 64-pin 
R65F12), a serial VO port, dual counter/latch circuits, a mode 
control register, an interrupt flag/enable dual register circuit, 
and an internal Operating System. The kernel of FORTH in 
ROM complements the system hardware. A block diagram 
of the system is shown in Figure 3-1. 


NOTE 


Throughout this document, unless specified 
otherwise, all memory or register address loca- 
tions are specified in hexadecimal notation. 


3.1 CPU LOGIC 


The R65F11 internal CPU is a standard 6502 configuration 
with an 8-bit Accumulator register, two 8-bit Index Registers 
(X and Y); an 8-bit Stack Pointer register, and ALU, a 16-bit 
Program Counter, and standard instruction register/decode 
and internal timing control logic. 


3.1.1 Accumulator 


The accumulator is a general purpose 8-bit register that 
Stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 


3.1.2 Index Registers 


There аге two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address—the sum of 
the program counter contents and the index register contents. 


When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address, 
and modifies the address from memory by adding the index 
register to it prior to loading or storing the value of memory. 


Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 


3.1.3 Stack Pointer 


The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack manipulation in response to either 
user instructions, an intemal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the user program. 


The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 
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The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 
location is stored (or "pushed") onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1. The Stack Pointer is then placed on the Address Bus, and 
data are read from the memory location addressed by the 
Pointer. 


The stack is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 


3.1.4 Processor Status Register 


The 8-bit Processor Status Register contains seven status 
flags. Some of these flags are controlled by the user pro- 
gram; others may be controlled both by the user's program 
and the CPU. The R6500 instruction set contains a number 
of conditional branch instructions which are designed to allow 
testing of these flags. See Appendix B for details. 


3.1.5 Program Counter 


The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 


3.1.6 Arithmetic And Logic Unit (ALU) 


Each bit of the ALU has two inputs. These inputs can be tied 
to various intemal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 


3.1.7 instruction Register and instruction Decode 


Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 


puters 
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3.1.8 Timing Control 


The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 


3.1.9 Interrupt Logic 


Interrupt logic controls the sequencing of three interrupts; 
RES, ММІ and IRG. IRQ is generated by any one of eight 
conditions: 2 Counter Overflows, 2 Positive Edge Detects, 
2 Negative Edge Detects, and 2 Serial Port Conditions. 


3.2 CPU INSTRUCTION SET 


The machine code instruction set of the R65F11 and R65F12 
microcomputers are based on the popular R6500 micropro- 
cessor set. They contain all the instructions in the standard 
R6502 set, with the addition of the four new bit instructions 
added to the R6511 processor family. Refer to Appendix А 
for the Op Code mnemonics addressing matrix for details on 
these instructions. 


3.3 READ-ONLY-MEMORY (ROM) 


The ROM consists of preprogrammed memory with an 
address space from F400 to FFFF. It contains the run time 
kernel of the high level language Rockwell Single Chip 
FORTH. There are 133 included functions stored in the 
ROM. Codes are in the format of a two byte code field, which 
identifies the interpreter assigned to execute that word, fol- 
lowed by a variable length Parameter Field, which contains 
the instructions and data used by that interpreter according 
to the programmed intention of that definition. See Appendix 
D for a complete list of the names of all included words. АН 
words needed for support of the run time operation of dedi- 
cated applications programs are included. The RSC-FORTH 
Operating System is also part of the ROM code and is 
entered upon Reset. This Operating System allow the R65F11 
and R65F12 to auto start a user program written in either 
RSC-FORTH or Assembly Language or enter a Develop- 
ment ROM if one is present. If no auto start program is found, 
an attempt will be made to boot an operating program from 
floppy disk. 


3.4 RANDOM ACCESS MEMORY (RAM) 


The RAM consists of 192 bytes of read/write memory with 
an assigned page zero address of 0040 through OOFF. The 
R65F11 and R65F12 provide a separate power pin (Var) 
which may be used for standby power for 32 bytes located 
at 0040-005F. In the event of the loss of Vcc power, the 
lowest 32 bytes of RAM data will be retained if standby power 
is supplied to the Ман pin. If the RAM data retention is not 
required then Ман must be connected to Усс. During oper- 
ation Var must be at the Усс level. 
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For the RAM to retain data upon loss of Усс, Уяя must be 
supplied within operating range and RES must be driven low 
at least eight $2 clock pulses before Усс falls out of operating 
range. RES must then be held low while Vcc is out of oper- 
ating range and untii at least eight $2 clock cycles after Усс 
is again within operating range and the internal 02 oscillator 
is stabilized. Vaga must remain within Усс operating range 
during поста! operation. When Усс is out of operating range, 
Vna must remain within the Урд retention range in order to 
retain data. Figure 3-2 shows typical waveforms. 


RAM OPERATING MODE ВАМ RETENTION MODE 
| | 


dies а e 


1 INITIAL APPLICATION OF Усс AND Van. 

2 LOSS OF Усс, ВАМ ON STANDBY POWER. 

3 REAPPLICATION OF Усс. 

4 >8 02 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 
5 >8 62 CLOCK PULSES. 


Figure 3-2. Data Retention Timing 


3.5 CLOCK OSCILLATOR 


A reference frequency can be generated with the on-chip 
oscillator using an external crystal. The oscillator reference 
frequency passes through an internal countdown network 
(divide by 2) to obtain the internal operating frequency (see 
Figure 3-3a). 


Internal timing can also be controlled by driving the XTLI pin 
with an external frequency source. Figure 3-3b shows typical 
connections. If ХТЕО is left floating, the external source is 
divided by the internal countdown network. However, if XTLO 
is tied to Vss, the internal coundown network is bypassed 
causing the chip to operate at the frequency of the external 
source. 


The R65F11 and R65F12 operate in the CLOCK MASTER 
mode. In this mode a frequence source (crystal or external 
Source) must be applied to the XTLI and XTLO pins. 


NOTE: When operating at a 1 MHz internal frequency place a 
15-22 pt capacitor between XTLO and GND. 


9215 a buffered output signal which closely approximates the 
internal timing. When а common external source is used to 
drive multiple devices the internal timing between devices as 
well as their 92 outputs will be skewed in time. If skewing 
represents a system problem it can be avoided by the 
Master/Slave connection and options shown in Figure 3-4. 


The R65F11 and R65F12 is operated in the CLOCK MASTER 
MODE. A second processor could be operated in the CLOCK 


R65F11 e R65F12 


SLAVE MODE. Mask options in the SLAVE unit convert the 
#2 signal into a clock input pin which is tightly coupled to the 
internal timing generator. As a result the internal timing of the 
MASTER and SLAVE units are synchronized with minimum 
skew. № the #2 signal to the SLAVE unit is inverted, the 
MASTER and SLAVE UNITS WILL OPERATE OUT. OF 
PHASE. This approach allows the two devices to share 
external memory using cycle stealing techniques. 


finr = ТОВ 2 MHZ 


2-4 MHZ CO abo dis 
2-4 MHZ = 1 ОН 2 MHZ 
= 2X fn 


Ver 
3002 
8 XTLI 
1-2 MHZ бнт = 108 2 MHZ 
R65F11 
XTLO fext = fint 


Vss = 
b. Clock Inputs 


Figure 3-3. Clock Oscillator Input Options 


R65F11 OR R65F12 


| TO OPERATE 
1 OUT 
777 OF PHASE WITH 


XTLI MASTER 
О 


(INPUT CLOCK) 
XTLO $ 


Figure 3-4. Master/Slave Connections 
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3.6 MODE CONTROL REGISTER (MCR) 


The Mode Control Register contains control bits for the mul- 
tifunction YO ports and mode select bits for Counter A and 
Counter B. Its setting, along with the setting of the Serial 
Communications Control Register (SCCR), determines the 
basic configuration of the R65F11 and R65F12 in any арр!- 
cation. The Mode Control Register bit assignment is shown 
in Figure 3-5. MCR Bits 7, 6, 5 must remain 1’s in order for 
external memory referencing to be enabled. 


1 Addr 0014 
ounter А 
Counter B Mode Select 
Mode Select д 0 Intervai Timer 
0 —— 1 Pulse Generation 
1 ——- 0 Event Counter 
Bus Mode Select 1 1 Puise Width Meas. 
0 -— 0 Interval Timer 
0 -—— 1 Asymrnetric Pulse Generation 
1 -——— 0 Event Counter 
1 -——. 1 Retriggerabie interval Timer 
Port E Latch 
(1 = Enabied) 
С Port D Tri-State 
(0 = Trl State High impedance Mocie) not allowed. 
0---х Normai ee 
1 —— 0 Abbr. Bus | Mewes 
1 —— 1 Mux'd Bus 


Figure 3-5. Mode Control Flegister 


The use of Counter A Mode Select is shown in Section 6.1. 
The use of Counter B Mode Select is shown in Section 6.2. 


The use of Port B Latch Enable is shown in Section 4.4. 
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3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (IER) 


An IRQ interrupt request can be initiated by any or all of eight 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
simultaneous interrupts will cause the IRQ interrupt request 
to. remain active until all interrupting conditions have been 
serviced and cleared. 


The Interrupt Flag Register contains the information that 
indicates which VO or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared in low level code by executing a RMB instruction at 
address location 0010. The RMB X, (0010) instruction reads 
FF, modifies bit X to a "0", and writes the modified value at 
address location 0011. In this way IFR bits set to a "1" after 
the read cycle of a Read-Modify-Write instruction (such as 
RMB) are protected from being cleared. А logic "1" is ignored 
when writing to edge detect IFR bits. 


Each IFR bit has a corresponding bit in the Interrupt Enable Figure 3-6. Interrupt Enable and Flag Reglsters 
Register which can be set to a "1" by writing a "1" in the 
respective bit position at location 0012. Individual IER bits 
may be cleared by writing a "0" in the respective bit position, 
or by RES. If set to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 


Table 3-1. 
Table 3-1. Interrupt Flag Reglster ВН Codes 
Bit 

Code Function 

IFR 0: PAO Positive Edge Detect Flag— Set to a "1" when a positive going edge is detected on PAO. 
Cleared by RMB O (0010) instruction or by RES. 

IFR 1: PA1 Positive Edge Detect Flag—Set to a 1 when a positive going edge is detected on РА1. 
Cleared by RMB 1 (0010) instruction or by RES. 

ЈЕВ 2: PA2 Negative Edge Detect Flag—Set to a 1 when a negative going edge is detected on PA2. 
Cleared by RMB 2 (0010) instruction ог by RES. 

IFR 3: РАЗ Negative Edge Detect Flag—Set to 1 when a negative going edge is detected оп РАЗ. 
Cleared by RMB 3 (0010) instruction or by RES. 

IFR 4: Counter A Underflow Flag—Set to а 1 when Counter A underflow occurs. Cleared by reading 
the Lower Counter A at location 0018, by writing to address location 001A, or by RES. 

IFR 5: Counter B Underflow Flag—Set to a 1 when Counter B underflow occurs. Cleared by reading 
the Lower Counter B at location 001C, by writing to address location 001Е, or by RES. 

IFR 6: | Receiver Interrupt Flag—Set to а 1 when any of the Serial Communication Status Register bits 
O through 3 is set to а 1. Cleared when the Receiver Status bits (SCSR 0-3) are cleared or by 
RES. 

IFR 7: Transmitter Interrupt Flag—Set to a 1 when SCSR 6 is set to а 1 while SCSR 5 is a 0 or 5058 
7 is set to a 1. Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared ог by RES. 
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3.8 OPERATING SYSTEM 


The system startup function, COLD, is executed upon Reset. 
COLD, a high level FORTH word, forms the basis of the RSC 
Operating System. Upon reset this function initializes the 
Н65Ғ11 ог Н65Ғ12 registers to establish the external 16K 
byte memory map and disable. all interrupt sources. It also 
sets up the serial channel for 1200 baud (assuming a 1 MHz 
internal clock) asynchronous transmission (seven bits, parity 
disabled). The internal FORTH structure "W" is prepared for 
use and the low level input/output vectors are forced to point 
to the system serial channel routines. The FORTH User Area 
Pointer, UP, is assigned the value 0300 Hex. 


A test is made of the variable CLD/WRM in memory location 
030E. If this contains a value other than A55A Hex a cold 
reset is assumed. In this case, the low level IRQ vector, 
IRQVEC; the low level NMI Vector, NMIVEC, and the high 
level interrupt vector, INTVEC, are all forced to point to the 
system reset routine. This prevents an unintentionally gen- 
erated interrupt from crashing the system. System variables 
TIB, RO, SO, UC/L, UPAD, UR/W and BASE are also ini- 
tialized to their default values. 


FORTH Based Microcomputers 


Whether a warm or cold reset, the memory map is then 
searched at every 1K byte boundary starting at location 0400 
Hex. The first two bytes at each boundary are checked 
against an A55A Hex bit pattern. This pattern indicates that 
an auto start program is installed. The next two bytes are 
assumed to point to the Parameter Field of the high level 
RSC-FORTH word to be executed upon reset. This may be 
the main function of a user defined program or the start up 
routine of a Development ROM. Figure 3-7 details proper 
alignment. 


If no auto start ROM is found, the Operating System turns 
control over to a program that issues а "МО ROM" message 
to the systems terminal via the serial channel and attempts 
to boot a program from disk. A floppy disk controller, com- 
patible with the WD1793 type, is assumed to be present at 
address 0100 Hex. The first half of Track 0 Sector 1 is loaded 
from a double density boot diskette into RAM starting at 
address ООБЕ. When successfully loaded execution will be 
turned over to this boot program. 


| HH | 

XX03 _ 

XX02 { HHLL = PFA OF WORD TO EXECUTE 
XXO1 [А5 | 

XX00 Ey { AUTO START ROM PATTERN 


1K BOUNDARY 
AUTO START FORTH PROGRAM 


HHLL = XX04 


AUTO START PATTERN 


1K BOUNDARY 
AUTO START MACHINE CODE PROGRAM 


Figure 3-7. Auto Start ROM 


3-44 


R65F11 • R65F12 


FORTH Based Microcomputers 


SECTION 4 
PARALLEL INPUT/OUTPUT PORTS 


The R65F11 has 16 VO lines grouped into two 8-bit ports 
(PA, PB) and 16 lines programmed as an Address/Data bus 
(PC & PD). Ports A and B may be used either for input or 
output individually or in groups of any combination. The 
R65F12 has 24 additional port lines grouped into three 8-bit 
ports (PE, PF, PG). 


Multifunction O's such as Port A are protected from normal 
port ИО instructions when they are programmed to perform 
a multiplexed function. 


Internal pull-up resistors (FET's with an impedance range of 
ЗК = Rpu < 12K ohm) are provided on all port pins. 


The direction of the VO lines are controlled by 8-bit port reg- 
isters located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page 
address instructions. There are no direction registers asso- 
ciated with the I/O ports, which simplifies ИО handling. The 
VO addresses are shown in Table 4-1. 


Table 4-1. 


ИО Port Addresses 


Appendix F.4 shows the I/O Port Timing. 


4.1 INPUTS 


Inputs for Ports A and B are enabled by loading logic 1 into 
all VO port register bit positions that are to correspond to 
VO input lines. A low (<0.8V) input signal will cause a logic 
0 to be read when a read instruction is issued to the port 
register. A high (>2.0V) input will cause a logic 1 to be read. 
An RES signal forces all VO port registers to logic 1 thus 
initially treating all VO lines as inputs. 


The status of the input lines can be interrogated at any time 
by reading the ИО port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the ГО port registers. 


Read/Modity/Write instructions can be used to modify the 
operation of PA and PB. During the Read cycle of a Read/ 
Modify/Write instruction the Port VO register is read. For all 
other read instructions the port input lines are read. Read/ 
Modify/Write instructions are: ASL, DEC, INC, LSR, RMB, 
ROL, ROR, and SMB. 
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4.2 OUTPUTS 


Outputs for Ports A and B are controlled by writing the 
desired /О line output states into the corresponding ИО port 
register bit positions. A logic 1 will force a high (>2.4V) 
output while a logic O will force a low («0.4V) output. 


4.3 PORT А (PA) 


Port A can be programmed via the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, ИО port 
or as serial channel I/O lines, counter VO lines, or an input 
data strobe for the Port B input latch option. Table 4-3 tab- 
ulates the control and usage of Port A. 


In addition to their normal УО functions, РАО and РА! can 
detect positive going edges, and РА? and РАЗ can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit in the IFR and generate an 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detecte 3 is one- 
һай the G2 clock rate. Edge detection timing is shown in 
Appendix F.4. 


4.4 PORT B (PB) 


Port B can be programmed as an 8 bit, bit independent /О 
port. It has a latched input capability which may be enabled 
or disabled via the Mode Control Register (MCR). Table 
4-2 tabulates the control and usage of Port B. An input Data 
Strobe signal must be provided thru PAO when Port B is pro- 
grammed to be used with latched input option. Input data 
latch timing for Port B is shown in Appendix F.4. 


Table 4-2. Port B Control & Usage 


Latch 
Mode 
MCR4 = 1 


MCR4 = 0 (2) 
Signai Signai 


| кате | туре G) | Name | Type | 


ИО Моде 


№. 
R65F11 


(1) Resistive pull-up, active buffer pull down 
(2) при data is stored in port B latch by PAO pulse 
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Table 4-3. Port A Control and Usage 


oS ee ee 
8652 11/8652 12 PAO ИО PORT В LATCH MODE 
PORT?! MCR4 = 0 MCR4 = 1 
— 


SIGNAL SIGNAL 


TYPE 
INPUT 


NAME 


PORT B 
LATCH STROBE 


PA1-PA3 I/O 
SIG 


РА! (2) | 


—— 


PA4 I/O COUNTER A I/O 


MCRO = 0 MCRO = 1 SCCR7 = 0 
МСАТ = 0 MSR! - 0 SCCR6 - 0 
SCCR7 = 0 SCCR7 = 0 MCR! = 1 
РА4 RCVR S/R MODE = 0'*? RCVR S/R MODE = 04% 
b (6) 


SIGNAL SIGNAL SIGNAL 


NAME _ ТУРЕ МАМЕ ТУРЕ МАМЕ | ТҮРЕ 
= 
PA4 Џој СМТА OUTPUT CNTA INPUT (1) 
EIL ла a eee ee 


SERIAL І/О SHIFT REGISTER CLOCK 


„5ССА7 = 1 = 10) 

SCCRS = 1 RCVR S/R MODE = 1 
SI IGNAL 

p GNAL SIG A 
NAME | TYPE NAME TYPE 
XMTR CLOCK OUTPUT RCVR CLOCK INPUT (1) 
OSSA Lu CE SEG 
PAS I/O COUNTER В/О 


MCR3 = 0 MCR3 = 0 { МСВЗ = 1 

B MCRe = 0 MCR2 = 1 MCR2 = X 
А5 x: 

SIGNAL SIGNAL SIGNAI. 


TYPE 
OUTPUT 


SERIAL I/O 
PA6 I/O XMTR OUTPUT 


SCCR7 = 0 SCCR7 = 1 
SIGNAL SIGNAL 


| ТҮРЕ NAME 


NAME 
CNTB INPUT (1) 


(1) HARDWARE BLFFER FLOAT 

(2) POSITIVE EDGE DETECT 

(8) NEGATIVE EDGE DETECT 

(4) RCVR S/R MODE = 1 WHEN 

SCCRE + SCCR + SCCR4 = 1 

(5) APPLIES TO EITHER R65F11 
OR R65F12 PORT (SEE PIN 
DIAGRAM) 

(6) FOR THE FOLLOWING MODE 
COMBINATIONS PA4 IS 
AVAILABLE AS AN INPUT 
ONLY PIN: 

SCCR7 + SCCR6 + SCCR5* 
MCR1 + SCCR? - SCCR6- 
SCCR4 - МСВ1  SCCR7 + 
SCCR6 - SECRE + SCCR7- 


SCCRS - SCCR4- 


OUTPUT 


SERIAL /О 
РА7 ИО RCVR INPUT 


SCCR6 = 0. SCCR6 = 1 
SIGNAL 


PA7 2 
SIGNAL 


INPUT (1) 
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4.5 PORT C (PC) 


Port C is preprogrammed as part of the Address/Data bus. 
PCO-PC7 function as А0-АЗ, А12, R/W, A13, and EMS, 
respectively, as shown in Table 4-4. EMS (External Memory 
Select) is asserted (low) whenever the internal processor 
accesses memory area between 0100 and 3FFF. (See 
Memory Map, Appendix C). The leading edge of EMS may 
be used to strobe the eight address lines multiplexed on Port 
D. See Appendix F.3 for Port C timing. 


4.6 PORT D (PD) 


Port 0 is also preprogrammed as part of the Address/Data 
bus. Data bits DO through D7 are time multiplexed with 
address bits A4 through A11, respectively. Refer to the 
Memory Maps (Appendix C) for Multiplexed memory assign- 
ments. See Appendix F.3 for Port D timing. 


4.7 PORT E (PE), PORT F (PF), 

PORT G (PG) 
Ports E, F and G are available on the R65F12 only. Port E 
can only be used as outputs. Port F and Port G can be used 


for inputs or outputs and are similar to Port A and Port B in 
operation. 


Table 4-4. Port C Control and Usage 


(1) Active Buffer Puli-up and Puli-Down 
(2) Tri-State Buffer is in Active Mode 


(3) Tri-State Buffer is in Active Mode only during the Phase 2 Portion of a Write Cycle 
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Multiplexed 
Mode 
MCR7 = 1 
MCR6 = 1 
R65F11/ |--- 
R65F12 Signal -j 
Port Name Type (1) 
PCO A0 OUTPUT 
PC1 A1 OUTPUT 
PC2 A2 OUTPUT 
PC3 A3 OUTPUT 
РСА А12 OUTPUT 
РС5 R/W OUTPUT 
PC6 A13 OUTPUT 
PC7 EMS OUTPUT 
Table 4-5. Port D Control and Usage 
Multiplexed 
Mode 
MCR7 = 1 
MCR6 = 1 
МСР5 = 1 
M Signal Signal 
5F11 
R65F12 Phase 1 Phase 2 
Port Type (3) 
PDO A4 OUTPUT 
РО1 А5 OUTPUT ОАТА1 Џој 
PD? A6 OUTPUT DATA? [Де] 
РОЗ А7 OUTPUT DATA3 10 
PD4 OUTPUT DATA4 Џој 
PDS OUTPUT DATAS Џо) 
OUTPUT 
OUTPUT 
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SECTION 5 
SERIAL INPUT/OUTPUT CHANNEL 


The R65F11 and R65F12 Microcomputers provide a full 
duplex Serial /О channel with programmable bit rates and 
operating modes. The serial VO functions are controlled by 
the Serial Communication Control Register (SCCR). The 
SCCR bit assignment is shown in Figure 5-1. The serial bit 
rate is determined by Counter A for all modes except the 
Receiver Shift Register (RCVR S/R) mode for which an 
external shift clock must be provided. The maximum data 
rate using the internal clock is 62.5K bits per second (@ 02 
= 1 MH2). The transmitter (XMTR) and receiver (RCVR) can 
be independently programmed to operate in different modes 
and can be independently enabled or disabled. 


SCCR 


ООО 


0—099 Parity 
1~Even Parity 
0 Parity Disable 

1 Parity Enable 

0 0—8 Bits/Char 

0 1—7 Bits/Char 

1 0—6 Bits/Char 

1 1~ 5 Bits/Char 

0 0 ХМТЯ 8 АСУЋ А5УМ Моде 

0 1 XMTR АЗУМ, RCVR S/R 

1 Х ХМТА S/R, RCVR ASYN 

0 RCVR Disable 

1 АСУЯ Enabie 

0 XMTR Disable 

1 ХМТВ Enabie 


4 


Figure 5-1. Serial Communication Control Register 


Except for the Receiver Shift Register Mode (RCVR S/R), ай 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled т a 
mode requiring an internal ctock. 


Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial I/O Port. Refer to Counter A (paragraph 
6.1) for a table of hexadecimal values to represent the desired 
data rate. 


5.1 TRANSMITTER OPERATION (XTMR) 


Тһе XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown below. When parity is dis- 
abled, the 5, 6, 7 or 8 bits of data are terminated with two 
Stop bits. 
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ASYNCHRONOUS MODE WITHOUT PARITY 


T 
START В.ВІТ OATA 


7—1 ^ 
m T-BIT ОАТА m ШЕБІ 
М) 66877 ОАТА m | 
ТААТ! _ 1 2570р 
т —т 
"mun 5-BIT DATA Po osto 
ASYNCHRONOUS MODE WITH PARITY 
~ — 
CT т т 
START | 8.8/7 DATA _ [Panir | stor 
le TBT DATA B т | 2510» 
| START j _ __|РАЗТУ 
інгі т T ome, 2 STOP 
TART 6-ВІТ DATA _ ҮСЕН о! | 
| 5-BIT DATA LG 2 STOP 
START : END 5 1 
SHIFT REGISTER MODE 8.17 DATA 
ма L WORD M WORD M41 


SHIFT REGISTER CLOCK (PA) 


LALA О О LLL Lit: 


11 


Figure 5-2. Bit Allocations 


In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the 5/8 mode the SO output and shift clock are held 
in a high state. 


The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCCR5, SCCR6 and 
SCCR7. 


IFR7 = SCSR6 (SCCR5 + SCCR7) 


5.2 RECEIVER OPERATION (RCVR) 


The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1." Ir. ће ASYN mode, 
data format must have a start bit, appropriate number of data 
bits, a parity bit (if enabled) and one stop bit. Refer to Figure 
5-2 for a diagram of bit allocations. The receiver bit period 
is divided into 8 sub-intervals for internal synchronization. 
The receiver bit stream is synchronized by the start bit and 
a strobe signal is generated at the approximate center of 
each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-half the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits, and any of 
the above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1. 
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Serial 
input 
Start Bit LSB Stop Bit Stop Bit 
internal 
Shift 
сөк РОР Би ШУ эи БИ жи И жан 


*Sertal input Data Shifted In 
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Figure 5-3. ASYN Receive Data Timing 
In the S/R mode, an external shift clock must be provided at 
CA (PA4) pin along with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 


Seriat 
Input 
External 


* Serial Input Data Shifted In 
“ Бега! Output Оша Makes Transition 


Figure 5-4. S/R Mode Timing 


A RCVR interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 


5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 


The Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 


SCSR 0: Receiver Data Register Full —Set to a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cleared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR 6 = 0. The SCSR 
0 bit will not be set to a logic 1 if the received data 
contains an error condition, however, a corre- 
Sponding error bit will be set to a logic 1 instead. 


SCSR 1: Over-Run Error —Set to a logic 1 when a new сћаг- 
acter is transferred from the Receiver Shift Reg- 
ister, with the last character still in the Receiver 
Data Register. This bit is cleared by reading the 
Receiver Data Register, or by RES. 


SCSR 2: Parity Error —Set to logic 1 when the RCVR is in 
the ASYN Mode, Parity Enable bit is set, and the 
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received data has a parity error. This bit is cleared 
by reading the Receiver Data Register or by RES. 

SCSR 3: Framing Error — Set to a logic 1 when the received 
data contains a zero bit after the last data or parity 
bit in the stop bit slot. Cleared by reading the 
Receiver Data Register or by RES. (ASYN Mode 
only). 

SCSR 4: Wake-Up —Set to a logic 1 by writing a "1" in bit 
4 of address: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 1's. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 

SCSR 5: End of Transmission —Set to a logic 1 by writing 
a "1" in bit position 5 of address: 0016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 

SCSR 6: Transmitter Data Register Empty —Set to a logic 

1 when the contents of the Transmitter Data Reg- 

ister is transferred to the Transmitter Shift Reg- 

ister. Cleared upon writing new data into the 

Transmit Data Register. This bit is initialized to a 

logic 1 by RES. 

Transmitter Under-Run — Set to a logic 1 when the 

last data bit is transmitted if the transmitter is in a 

S/R Mode or when the last stop bit is transmitted 

if the XMTR is in the ASYN Mode while the Trans- 

mitter Data Register Empty Bit is set. Cleared by 

a transfer of new data into the Transmitter Shift 

Register, or by RES. 


SCSR 7: 


| RCVR Ома 
Reg Full 


RCVR Over-Run 
| Parity Error 


Frame Error 


Wake-Up 


End of Transmigsion 


— XMTR Osta Reg Empty 


~ XMTR Under-Run 


Figure 5-5. SCSR Bit Allocations 
5.4 WAKE-UP FEATURE 


In a muiti-distributed microprocessor or microcomputer ap- 
plications, a destination address is usually included at the 
beginning of the message. The Wake-Up Feature allows 
non-selected CPU's to ignore the remainder of the message 
until the beginning of the next message by setting the Wake- 
Up bit. As long as the Wake-Up flag is true, the Receiver 
Data Register Full Flag remains false. The Wake-Up bit is 
autornatically cleared when the receiver detects a string of 
ten consecutive 1's which indicates an idle transmit line. 
When the next byte is received, the Receiver Data Register 
Full Flag signals the CPU to wake-up and read the received 
data. 


Addr 0016 


R65F11 e R65F12 


FORTH Based Microcomputers 


SECTION 6 
COUNTER/TIMERS 


The R65F11 and R65F12 Microcomputers contain two 16-bit 
counters (Counter A and Counter B) and three 16-bit latches 
associated with the counters. Counter A has one 16-bit latch 
and Counter B has two 16-bit latches. Each counter can be 
independently programmed to operate in one of four modes: 


Counter A Counter B 


e Pulse width 
measurement 

е Pulse Generation 

® Interval Timer 

e Event Counter 


e Retriggerable Interval Counter 

• Asymmetrical Pulse 
Generation 

e Interval Timer 

e Event Counter 


Operating modes of Counter A and Counter В are controlled 
by the Mode Control Register. All counting begins at the 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PAS is automatically selected for 
Counter B (see Table 4.2). 


6.1 COUNTER A 


Counter A consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter A (LCA), Upper Counter 
A (UCA), Lower Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either 02 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001A or location 0018 for the Lower Counter A. 
A read at location 0018 also clears the Counter A Underflow 
Flag (IFR4). 


The 16-bit latch contains the counter initialization уаше, and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 


Counter A can be started at any time by writing to address: 
001A. The contents of the accumulator will be copied into the 
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Figure 6-1. Interval Timer Timing Diagram 
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Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next ccunter value wil! be the latch 
value, not FFFF, and the Counter A Underflow Flag (IFR 4) 
will be set to "1". This bit may be cleared by reading the 
Lower Counter A at location 0018, by writing to address 
location 001A, or by RES. 


Counter A operates in any of four modes. Tnese modes are 
selected by the Counter A Mode Control bits in the Control 
Register. See Table 6-1. 


Table 6-1. Counter A Control Bits 


MCR1 MCRO 

(bit 1) (bit 0) Mode 
9 9 Interval Timer 
0 1 Pulse Generation 
1 [0] Event Counter 
1 1 


Pulse Width Measurement 


The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are $e clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 


6.1.1 Interval Timer 


In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions:- 


1. When the Counter is decremented from 0000, the next 
Counter vaiue is the Latch value (not FFFF). 


2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 


The Counter value is decremented by one count at the #2 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore 1us to 65 535 
ms at the 1 MHz $2 clock rate or 0.5 us to 32.767 ms at the 
2 MHz 62 clock rate. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter IRQ irterrupt routine. 


When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic 1. If the Counter A Interrupt 
Enable Bit (IER4) is also set, an [RQ interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register can be examined in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as a PA I/O bit. 


А timing diagram of the Interval Timer Mode is shown in 
Figure 6-1. 


6.1.2 Putse Generation Mode 


In the Pulse Generation mode, the CA line operates as a 
Counter Output. The line ioggles from low to high or from 
high to low whenever a Counter A Underflow occurs, or a 
write is performed to address 001A. 


The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to 001A. 


Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 


А one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 


6.1.3 Event Counter Mode 


In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the 02 clock rate. 


The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter А Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 


Figure 6.2 is a timing diagram of the Event Counter Mode. 


edd а ЖА ЧЕ LY 


Teosu |-=— | | 
1 
| 
20v 20V A о.8у j otv \ 
смта қ 
ЕСІК КЕЗЕ 


COUNT N 


ма 


Figure 6-2. Event Counter Mode 


6.1.4 Pulse Width Measurement Mode 


This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at the 02 clock rate as long аз the CA line is held in 
the low state. The Counter is stopped when CA is in the high 
state. 
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The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 


A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6-3. 
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Figure 6-3. Pulse Width Measurement 


6.1.5 Serial I/O Data Rate Generation 


Counter A also provides clock timing for the Serial ГО which 
establishes the data rate for the Serial /О port. When the 
Serial /О is enabled, Counter A is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter ИО (PA4) may also be required to 
support the Serial І/О (see Table 4-2). 


Table 6-2 identifies the values to be loaded in Counter A for 
selecting standard data rates with а $2 clock rate of 1 MHz 
and 2 MHz. Although Table 6-2 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: 


$2 
N= LLM—— - 
16 x bps 
where 
N = decimal value to be loaded into Counter А using 


its hexadecimal equivalent. 
= the clock frequency (1 MHz or 2 MHz) 
= the desired data rate. 


= 
N 
| 


c 
о 
ж 
| 


МОТЕ 


іп Table 6-2 you will notice that the standard data rate 
and the actual data rate may be slightly different. 
Transmitter and receiver errors of 1.5% or less are 
acceptable. A revised clock rate is included in Table 
6-2 for those baud rates which fall outside this limit. 
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Table 6-2. Counter A Values for Baud Rate Selection 


ғ 


Ctock Rate 

Needed 

Actual To Get 

Hexadecimal Baud Standard 

Stand andar 
осо Value Rate At Baud Rate 


Rate 1MHz 2MHz| 1MHz 2MHz 1 MHz 2 MHz 


50 ЕТІ 09C3 50.00 50.00 1.0000 2.0000 

75 0340 0682 75.03 74.99 1.0000 2.0000 
110 0237 046Ғ 110.04 110.04 11.0000 2.0000 
150 СТАО 0340 149.88 150.06 | 1.0000 2.0000 
300 OOCF 01A0 300.48 299.76 |1.0000 2.0000 
600 0067 00СҒ 600.96 600.96 | 1.0000 2.0000 
1200 0033 0067 | 1201.92 1201.92 1.0000 2.0000 
2400 0019 0033 | 2403.85 2403.85 | 1.0000 2.0000 
3600 0010 0021 | 3676.47 3676.47 | 0.9792 1.9584 
4800 0005 0019 | 4807.69 4807.69 1.0000 2.0000 
+ 7200 0008 0010 | 6944.44 7352.94 |1.0368 1.9584 
9600 0006 000С! 8928.57 9615.38 | 1.0752 2.0000 
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occurs on the CB pin (PA5). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illustrates the operation. 


LATCH 

VALE ~ ЗЕ 
CAEN 
VALUE 


0000 
cBuNE— — H ШЕ 
СОЦМТЕН E RESET BY 
UNDERFLOWS ^... „т SOFTWARE 
COUNTERB у 
FLAG 


6.2 COUNTER B 


Counter B consists of a 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
В (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latch C (ULC). Latch C is used 
only in the asymmetrical pulse generation mode. The counter 
contains the count of either #2 clock pulses or external 
events depending on the counter mode selected. The con- 
tents of Counter B may be read any time by executing a read 
at location 001D for the Upper Counter B and at location 
001Е or 001C for the Lower Counter B. A read at location 
001C also clears the Counter B Underflow Flag. 


Latch B contains the counter initialization value, and can be 
loaded at any time by executing a write to the Upper Latch 
В at location 0010 and the Lower Latch B at location 001С. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 


Counter B can be initialized at any time by writing to address: 
001Е. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 16-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Underflow Flag bit (IFR5) will be set 
to a "1" whenever Counter B underflows by decrementing 
from 0000. 


IFR 5 may be cleared by reading the Lower Counter B at 
location 001C, by writing to address location 001Е, or by 
RES. 


Counter B operates in the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. 


6.2.1 Retriggerable Interval Timer Mode 


When operating in the Retriggerable Interval Timer mode, 
Counter В is initialized to the latch value by writing to address 
001E, by a Counter B underflow, or whenever a positive edge 


Figure 6-4. Counter B. Retriggerable Interval Timer Mode 


6.2.2 Asymmetrical Pulse Generation Mode 


Counter B has a special Asymmetrical Pulse Generation 
Mode whereby a pulse train with prograrnmable pulse width 
and period can be generated without the processor interven- 
tion once the latch values are initialized. 


in this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as D in the following descriptions). The 16-bit Latch C is 
initialized with a value which corresponds to the desired 
pulse width (referred to as P in the following descriptions). 
The initialization sequence for Latch B and C and the starting 
of a counting sequence are as follows: 


1. The lower 8 bits of P are loaded into LLB by writing to 
address 001C, and the upper 8 bits of P are loaded 
into ULB and the full 16 bits are transferred to Latch 
C by writing to address location 2010. At this point 
both Latch B and Latch C contain the value of P. 


2. The lower 8 bits of D are loaded into LLB by writing to 
address 001C, and the upper 8 bits of D are loaded 
into ULB by writing to address location 001E. Writing 
to address location 001E also causes the contents of 
the 16-bit Latch B to be downloaded into the Counter 
B and causes the CB output to go low as shown in 
Figure 6-5. 


3. When the Counter B underflow occurs the contents of 
the Latch C is loaded into the Counter B, and the CB 
output toggles to a high level and stays high until 
another underflow occurs. Latch B is then down-loaded 
and the CB output toggles to a low level repeating the 
whole process. 
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Figure 6-5. Counter B Pulse Generation 
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SECTION 7 
POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER-ON-RESET 


The occurrence of RES going from low to high will cause the 
R65F11 or R65F12 to reset and enter the RSC-FORTH 
Operating System. As was described in Section 3.8, upon 
reset certain system variables will be initialized. See Appendix 
C.4 for a list of these variables names, locations and con- 
tents. The external memory map will be searched for an auto 
start ROM. 


A bit pattern of A55A at a 1K byte page boundary indicates 
that an auto start program follows. The next two bytes are 
assumed to be a pointer to the high level RSC-FORTH word 
that is the entry point to that program. Auto start programs 
is written in assembly language, rather than RSC-FORTH, 
a series of indirect pointers as shown in 3-7 can be used to 
initiate program execution. 


7.2 POWER ON TIMING 


After application of Усс and Var power to the R65F11 or 
R65F12, RES must be held low for at least eight #2 clock 
Cycles after Vcc reaches operating range and the internal 
oscillator has stabilized. This stabilization time is dependent 
upon the input Vcc voltage and performance of the internal 
oscillator. The clock can be monitored at #2 (pin 3). Figure 
7-1 illustrates the power turn-on waveforms. Clock stabili- 
zation time is typically 20 ms. 
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Figure 7-1. Power Turn-On Timing Detaii 


7.3 RESET (RES) CONDITIONING 


When RES is driven from low to high the R65F11 or R65F12 
is put in a reset state. The registers and ИО ports are con- 
figured as shown in Table 7-1 when the external ROM is 
autostarted. 


Tabie 7-1. RES Initialization of ИО Ports and Registers 


REGISTERS 
Mode Control (MCR) 
Int. Enable (IER) 
Int. Flag (IFR) 


Ser. Com. Control (SCCR) 
Ser. Com. Status (SCSR) 


PORTS 
PA Latch 
PB Latch 
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APPENDIX A 
R65F11 AND R65F12 INSTRUCTION SET 


This appendix contains a summary of the R6500 instruction 
set. For detailed information, consult the R6500 Microcom- 
puter System Programming Manual, Document 29650 N30. 
The four instructions notated with а” are added instructions 
for the R65F11 and R65F12 which are not part of the stan- 


dard 6502 instruction set. 


A.1 INSTRUCTION SET IN ALPHABETIC SEQUENCE 


| Mnemonic 


Instruction 


ADC 
AND 
ASL 


"BBR 

“BBS 
BCC 
BCS 
BEQ 
BIT 
BMI 
BNE 
BPL 
BRK 
BVC 
BVS 


CLC 
CLD 


Add Memory to Accumulator with Carry 
"AND" Memory with Accumulator 
Shift Left One Bit (Memory or Accumulator) 


Branch on Bit Reset Relative 
Branch on Bit Set Relative 
Branch on Carry Clear 
Branch on Carry Set 

Branch on Result Zero 

Test Bits in Memory with Accumulator 
Branch on Result Minus 
Branch on Result not Zero 
Branch on Result Plus 

Force Break 

Branch on Overflow Clear 
Branch on Overflow Set 


Clear Carry Над 

Clear Decimal Mode 

Clear Interrupt Disable Bit 

Clear Overflow Flag 

Compare Memory and Accumulator 
Compare Memory and Index X 
Compare Memory and Index Y 


Decrement Memory by One 
Decrement index X by One 
Decrement Index Y by One 


"Exclusive-Or’ Memory with 
Accumulator 


Increment Memory by One 
Increment Index X by One 
increment index Y by One 


Jump to New Location 
Jump to New Location Saving Return 
Address 


NEC UNE 


Mnemonic 


LDA 
LDX 
LDY 
LSR 


NOP 


ORA 


Instruction 


Load Accumulator with Memory 
Load Index X with Memory 
Load Index У with Memory 
Shift One Bit Right (Memory or 
Accumulator) 


No Operation 
"OR" Memory with Accumulator 


Push Accumulator on Stack 
Push Processor Status or Stack 
Pull Accumulator from Stack 
Pull Processor Status from Stack 


Reset Memory Bit 

Rotate One Bit Left (Memory or 
Accumulator) 

Rotate One Bit Right (Memory or 
Accumulator) 

Return from Interrupt 

Return from Subroutine 


Subtract Memory from Accumulator with 
Borrow 

Set Carry Flag 

Set Decimal Mode 

Set Interrupt Disable Status 

Set Memory Bit 

Store Accumulator in Memory 

Store Index X in Memory 

Store index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer index X to Accurnulator 
Transfer Index X to Stack Register 
Transfer index Y to Accurnulator 
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A.3 INSTRUCTION CODE MATRIX 


8 LSD 0 1 2 3 4 5 6 7 8 9 A в с о Е Е 
= BRK ORA ORA ASL RMBO | PHP ORA ASL ORA ASL BBRO 
0 | Implied | (IND, X) гР 2Р 2Р Implied | IMM | Accum ABS ABS 2Р 0 
17 26 23 25 25/13 22,12 34 3613 5" 
- --- ----- + —} —————4 
BPL ORA ORA ASL АМВ1 CLC ORA ORA ASL BBR1 
1 | Reiative | (IND), Y 2Р,Х | 2Р,Х гР Implied | ABS, У ABS, Х | ABS, Х 2Р 1 
ав 25 тов | в 
JSR AND BIT AND ROL RMB2 PLP AND ROL BIT AND ROL BBR2 
2 | Absolute] (IND, X) 2Р 2Р гР гР Implied | IMM | Accum ABS ABS ABS 2Р 2 
3 6 26 23 23 2 5 25 14 22 12 34 34 36 |3 5" 
к_—————-— --- |. ———|— -————À 
BMI АМО АМО ROL RMB3 SEC AND AND ROL BBR3 
3 | Relative | (IND, Y) ZP.X | ZP.X 2Р implied | ABS, У ABS, X | ABS, Х гР 3 
22°); 2 5 24 26 25 1 2 3 + 3 4 3713 5" 
О AL ELE ILL __--|_ |___. ан __| - __|-_ __|-_-__ 
RTI EOR EOR LSR RMB4 | PHA EOR LSA JMP EOR LSR BBR4 
4 | Implied | (IND, X) гР 2Р 2Р implied | ММ | Accum ABS ABS ABS 2Р 4 
16 26 23 25 25 13 22 12 33 34 36 13 5" 
----- = = и —+ —— — —4—— --- 4-- + —— — 
ВУС EOR ЕОЋ LSR АМВ5 си EOR EOR LSR BBR5 
5 | Reiative | (IND), Y 2Р.Х | 2Р,Х 2Р implied | ABS, У ABS, X | ABS, X гР 5 
221265 24 26 25 12 3 + з 4 37 |3 5" 
-- ——À 4. —+ 
RTS ADC m mI ADC ROR RMBs | PLA | ADC ROR | ЈМР | ADC ROR | ВВАб | 
6 | Implied | (IND, X) 2Р 2Р 2Р implied | IMM | Accum indirect} ABS ABS 2Р 6 
16 26 23 25 25 14 22 12 35 3.4 36 3 5" 
+ —+ —+ T— T —1———— —+ T— и 
BVS АСС АОС ROR | АМВ7 SEI ADC ADC ROR | BBR7 
7 | Relative | (IND, Y) 2Р.Х | ZP.X 2Р implied |АВЗ, У ABS, Х | ABS, Х 2Р 7 
22125 24 26 25 12 3 + 3 + 37 |3 5" 
r 4— кд —T -------- r —+ —+——— 
5ТА STY STA STX SMBO | DEY TXA STY STA STX 8850 
8 (IND, X) 2Р 2Р 2Р 2Р Implied Implied ABS ABS ABS гР 8 
26 23 23 23 25 12 12 3 4 з 4 34 |3 5" 
BCC STA STY STA STX SMB1 TYA STA TXS STA BBS1 
9 | Relative | (IND, Y) ZP,X | ZP.X | ZP.Y 2Р Implied | ABS, У | implied ABS, X гР 9 
22"| 26 24 2 4 24 25/12 35 |172 35 3 5" 
T —— i + ——t —- - —т —t ----4 —— 
рҮ LDA LDX LDY LOA LDX SMB2 TAY LDA TAX LDY LDA LDX 8852 
А мм | (IND, X) | IMM 2Р 2Р 2Р 2Р Implied | IMM  |Implied ABS ABS ABS 2Р А 
22 26 22 23 23 23 25 12 22 1 2 3.4 34 3413 5" 
-t —1 T^ —T — —— + T——1 ------------- 
BCS LDA LDY. LOA LDX SMB3 CLV LDA TSX оу LDA LDX BBS3 
В | Relative; (IND), Y 2Р.Х | ZP.X | ZP.Y гР Implied | ABS, У | Implied ABS, X| ABS, X | ABS. Y 2Р B 
j22"|2 & А 2 4 2 4 2 4 25 12 3.4 12 34. 34|34|3 5" 
т T——4— — —- —— -- ------4 
СРҮ СМР СРҮ СМР DEC SMB4 INY CMP DEX CPY CMP DEC 8854 
с мм | (IND, X) 2Р 2р 2Р 2Р Implied | ІММ | implied ABS ABS ABS 2Р с 
22 26 23 23 2 5 25 12 22 1 2 34 34 356 |3 5" 
—+ — T St E 1- T——À——-——-A ------- 
ВМЕ СМР СМР DEC SMB5 CLD CMP CMP DEC BBS5 
D | Relative | (IND), Y 2Р,Х | ZP.X 2Р Implied | ABS, У ABS, X | ABS, X гР с 
2125 24 26 25 12 3 + 3.4 37 35" 
L + T 4 + —4- —- + 4. 1 4. - -------і 
СРХ SBC CPX SBC INC SMB6 INX SBC NOP CPX SBC INC 8856 
Е мм | (IND, X) 2Р 2Р 2Р 2Р Implied | IMM | Implied ABS ABS ABS 2Р Е 
22 26 23 23 25 25 12 22 12 34 34 36 13 5" 
-—- _|_-_-_|__- а 4 
BEQ SBC SBC INC SMB7 | SED SBC SBC INC 8857 
Е | Relative| (IND), У 2Р.Х | 2Р,Х 2Р implied | ABS, У ABS, X | ABS, Х 2Р Е 
22 2 5 EN 2 4 212 6 | 25 12 34 | 3 4 37135 
0 1 2 3 4 5 6 7 8 9 A B с 0 Е Е 
0 
ВАК | —ОР Соде | 
0 | Implied | —Addressing Mode "Ада 1 to МИ page boundary is crossed. 
1 7 | instruction Bytes; Machine Cycles “Ада 1 to МИ branch occurs to same раде; 


add 2 to N if branch occurs to different page. 
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APPENDIX B 


KEY REGISTER SUMMARY 


7 0 
Са] ассимилтон 
7 0 
INDEX REGISTER Y 
7 0 
Cx wetx REGISTER х 

45 7 0° 

РСН PCL PROGRAM COUNTER 

7 0 


STACK POINTER 


7 0 
Niv] [8 [0 1: Iz [<] Processor status яға Р 


CPU Registers 


CARRY (C) (D 


Үш Carry Set 
0 = Carry Clear 


РЕПО (2 (9 


1 = Zero Resutt 
0 = Non-Zero Result 


INTERRUPT DISABLE () С) 


1 – TRG interrupt Disabled 
0 ЛАО Interrupt Enabled 


L DECIMAL MODE (0) (D) 


172 Decima! Mode 
| 0 = Binary Mode 
BREAK COMMAND (8) (1) 


1 = Break Command 
0 = Моп Break Command 


L OVERFLOW (0) (i) 


1 = Overtiow Set 
0 = Overflow Clear 


L NEGATIVE (N) (Т) 


NOTES 
1 = Negative Value Not inihalized by WES. 
0 = Розе Value Set to Logic ! by RES. 


Processor Status Register 


SUDDEN 


0~Odd Parity 
1~Even Parity 

0 Parity Disable 

1 Parity Enable 

0 — 8 Bits/Char 

1~7 Bits/Char 

0—6 Bits/Char 

1 1~ 5 Bits/Char 

0 — О XMTR а RCVR ASYN Mode 

0 — 1 ХМТА ASYN, ACVA S/R 

1 — X XMTR S/A, RCVA ASYN 


0 АСУР Disable 
L 1 RCVR Enable 
- 0 XMTR Disabie 

1 XMTR Enable 


Seriai Communications Control Regi 


- оо 


Addr 0014 


| 
Counter В Mode Select 
Mode Select 0 О Interval Timer 

| Generation 


t Counter 
Bus Mode Select | 1 Pulse Width Meas. 
0 —— 0 interval Timer 


0 ——— 1 Asymmetnc Pulse Generation 
t ——— 0 Event Counter 
1 —— 1 Retnggerable Interval Timer 
Port B Latch 
{1 = Enable; 
Port D Tr-State. 
(0 - Tn-State High Impedance Mode) 


1—— 1Muxd Bua 


t 


Mode Controi Register 


„УРА РТ не 
IER Addr 0012 
РАО Positive 
Edge Detect 
РА! Positive 
Edge Detect 
PA2 Negative 
Edge Detect 
РАЗ Negative 
Edge Detect 
L Counter A 
Undertiow Flag 
L Counter B 
Underfiow Flag 
RCVR 
Flag 
XMTR 
Flag 


Interrupt Enabie and Flag Registers 


RCVR Ома 
Reg Full 
RCVR Over-Run 


Parity Error 


| Frame Error 
Wake-Up 


End of Transmission 


L XMTR Data Rag Empty 


L ХМТА Under-Run 


Seriai Communications Status Register 
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FORTH Based Microcomputers 


APPENDIX C 


ADDRESS ASSIGNMENTS/MEMORY 
MAPS/PIN FUNCTIONS 


Сл VO AND INTERNAL REGISTER ADDRESSES 


ADDRESS 

(HEX) READ WRITE 

001Ғ ---- --- 
1Е Lower Counter В Upper Latch B, Cntr BLatch В, CLR Flag 
1D Upper Counter B Upper Latch B, Latch C«—Latch В 

| 1C Lower Counter B, CLR Flag Lower Latch B. 

1B | E = 
1A Lower Counter A Upper Latch A, Cntr A—Latch A, CLR Flag 
19 Upper Counter A Upper Latch A 
18 | Lower Counter A, CLR Flag Lower Latch A 
17 Seria) Receiver Data Register Serial Transmitter Data Register 
16 Serial Comm. Status Register Serial Comm. Status Reg. Bits 4 & 5 only 
15 Зепа! Comm. Contro! Register Serial Comm. Control Register 
14 Mode Control Register Mode Control Register 
13 | --- -- 
12 Interrupt Enable Register Interrupt Enable Register 
11 Interrupt Над Register DEI 
10 Read FF Clear Int Flag (Bits 0-3 only, Write 0'5 only) 
ОЕ == еды 
0Е ---- —— 
90 --- --- 
ос ---- --- 
ов --- Mes 
0A ---- сш, 
09 ---- n 
08 == iium _ 
07 —— —— 
06 Port G* Port G* 
05 Port 8 * Port F* 
04 Port E * Port E* 
03 ---- == 
02 —— -- 
01 Por В Por В 

0000 Port A Port A 


NOTE: *R65F12 Only 
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C.2 MULTIPLE FUNCTION 
PIN ASSIGNMENTS— 
PORT C AND PORT D 


VO PORT 
FUNCTION 
REPLACED 


MULTIPLEXED PORT 
FUNCTION 


А8/04 
А9/05 
A10/D6 
А11/07 


FORTH Based Microcomputers 


C.3 MULTIPLEXED MODE 
MEMORY MAP 


001Е 


External Memory 
(16384 — 256) 
Mux'd Addr Mede 


a Ports Е, Е, С | 0006 
(R6500/12Q Only) dá 


VO Ports A, B, С, D 


NAME 


WARM START 
VALUE 


COLD START 
VALUE 


IRQVEC 
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(COLD) 


(COLD) 


0380 
OOFF 
00C2 
0050 
037E 

(DISK) 
0010 


icrocomputers 


R65F11 ө R65F12 FORTH Based M 


а 


(en 


Q3di034 эе тим 9400934 
лемошаох Она ОМУ МУН EO 


prx UEM Wr ee у 25 = ызсооза 
T 157 


34% 


3! NOIGNY4X3 N31SAS HOJ 31ON 


VE 


E mme 


хом? 
мита 


АПХООН WNWININ WOIdAL 
а хамааау 
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FORTH Based Microcomputers 


APPENDIX E 
ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS” 


[Paramotor | зува | 
Supply Voltage -0.3 to +7.0 


Operating Temperature 
Commercial 


DC CHARACTERISTICS 
(Мос = 5V £5%, Vss = 0, ТА = 0 to 70°C) 


Parameter 


Power Dissipation (Outputs High) 
Commercial at 25°C 


RAM Standby Voltage (Retention Mode) 


RAM Standby Current (Retention Mode) 
Commercial at 25°C 


Input High Voltage (Except XTL1) 
Input High Voltage (XTLI) 


Input Low Voltage 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
exterided periods may affect device reliability. 


Input Leakage Current (RES, NMI) 
Ма = 0 to 5.0 Vdc 


Input Low Current PA, PB, PC, PF*, and PG* 
(Vi, = 0.4 Vdc) 


Symbol | м. | Typ. Max. Unit 
Pp -- 1000 mW 
Var 3.0 - Vec Мас 

== 4 = 
Vin +2.0 — Vcc Vdc 
Мн +4.0 = Vcc Vdc 
Vi -0.3 ES 40.8 Vdc 


Output High Voltage (Except XTLO) 
(одр = -100 Айс) 

Output Low Voltage 
(подо = 1.6 тАдс) 


Darlington Current Drive, PE* 
(Vo = 1.5 Мас) 


Input Capacitance 
(Vin —0, ТА = 25°C, f = 1.0 MHz) 
PA, PB, PC, PD, PF*, and PG* 
XTLI, XTLO 


ИО Port Pull-Up Resistance 
PAO-PA7, PBO-PB7, PCO-PC7, PFO-PF7 and PGO-PG7 


Output Leakage Current 
Tri-State I/Os while in High Impedance State 


Output Capacitance 
Tri-State I/Os while in High Impedance State 
Vin = OV, ТА = 25°C, f = 25°C, f = 1.0 MHz 


Cour 


Note: Negative sign indicates outward current flow, positive indicates inward flow. 
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-1.0 [pc = mAdc 
pF 
= 50 
ЖЕТ БН СЫ” 
LII: 


*R65F12 only. 
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APPENDIX F 
TIMING REQUIREMENTS AND CHARACTERISTICS 


F.1 GENERAL NOTES F.2 CLOCK TIMING 
1. Усс = 5V = 5%, ФС = ТА = 70°C 
SYMBOL| PARAMETER 
2. А valid Усс – RES sequence is required before proper 
operation is achieved. Cycle Time 
T XTLI Input Clock 
3. All timing reference levels are 0.8V and 2.0V, unless Pt Pulse Width oc 
otherwise specified. XTLO = VSS 


; А Ууу it T pwoz Output Clock Pulse 
4. All time units are nanoseconds, unless otherwise specified. Е Width at Minimum 
" "T р T 
5. All capacitive loading is 130pf maximum, except as noted сүс 
below: 


Та, ТЕ Output Clock Rise, 
Fall Time 


Input Clock Rise, 
Fall Time 


PA, PB, PE, PF, PG — 50pf maximum 


Та 
XTLI 1.5V 1.5V 


(XTLO = Ма) |4---- Ты 


02 М 
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F.3 MULTIPLEXED MODE TIMING—PC AND PD 


(МСН 5 = 1, MCR 6 = 1, MCR 7 = 1) 


PARAMETER 


| Тесле __|РС5) R/W Setup Time 
Tecas — |(PCO-PC4, PC6) Address Setup Time 
ТрвАз (PD) Address Setup Time 


| Tessu (РО) Data Setup Time 


E 
o о 


| Тғана (РО) Data Read Hold Time 10 
(PD) Data Write Hold Time 30 


(PO) Data Output Delay 
(РСО-РС4, PC6) Address Ною Time 
(РО) Address Hold Time 
(РС5) R/W Hold Time 


|Тесни (РСТ) EMS Hold Time 


[Trcvo'” |С?) Address to EMS Delay Time 


| Тес» (РС? EMS Stabilization Time 
EMS Set Up Time 


NOTE 1: Values assume РСО-РС4, PC6 and PC7 have the same capacitive load. 


w 


wo о |. 
ојо ос 


F.3.1 Multiplex Mode Timing Diagram 


READ WRITE 
62 М 


--- 4—— ТРСНА 


<-------"! TPCRS 


EMS Tesu Д 

(РС. 7) 

эш” ИХ 1!) 
вр У ФСЭ 


a 
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F.4 1/0, EDGE DETECT, COUNTERS, AND SERIAL І/О TIMING 


PARAMETER 


Internal Write to Peripheral Data Valid 
PA, PB TTL 
PA, PB CMOS 


Peripheral Data Setup Time 
PA, PB 

Peripheral Data Hold Time 
PA, PB 


Counters А and В 
РА4, РАБ Input Pulse Width 
РА4, РАБ Output Delay 


Port B Latch Mode 
PAO Strobe Pulse Width 
PB Data Setup Time 
PB Data Hold Time 


Serial /O 
PA6 XMTR TTL 
PA6 XMTR CMOS 
PA4 RCVR S/R Clock Width 
РА4 XMTR Clock—S/R Mode (TTL) 
РА4 XMTR Сюск--5/Н Mode (CMOS) 


NOTE 1: Maximum Load Capacitance: 5OpF Passive Pull-Up Required. 
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F.4.1 1/0 Edge Detect, Counter, and Serial I/O Timing 


a Тсус———————= 


62 1.5V Y 1.5V 
РАО-РА7 СЯ 
PBO-PB7 
PCO-PC7 
PD0-PD7 

TPHR 
EDGE DETECTS 
(РА0- 
ТЕРМ 
CNTR 1.5V 1.5V 
РА4, РАБ 
= 
TCPW TCPW | 
TOMOS іы уу 
РАО-РА7 TEDW. 2.4V 
PBO-PB7 — 4 
олу 


РВ 
(LATCH MODE) 


PAO STROBE 
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APPENDIX G 
INCLUDED FORTH FUNCTIONS IN ROM 

BANKEXECUTE BANKEEC! BANKC@ BANKC! 
EEC! . R D. 
? #5 # SIGN 
D.R <# SPACES SEEK 
#> DWRITE DREAD SELECT 
INIT M/MOD */ * МОБ 
DISK / МОО * 
мор м“ МАХ MIN 
M/ ABS D+- +- 
DABS COLD (NUMBER) HOLD 
S-»D ERASE FILL QUERY 
BLANKS (7) ~TRAILING TYPE 
EXPECT DECIMAL HEX -DUP 
COUNT PICK ROT > 
SPACE U< = - 
< 1- 2+ 1+ 
2- C/L HLD DPL 
PAD CLD/WRM BASE UR/W 
м. UC/L RO 50 
ОРАР BL 4 3 
TIB 1 0 С! 
2 се © TOGGLE 
! BOUNDS 2DUP DUP 
+! 2DROP DROP OVER 
SWAP NEGATE D+ + 
DNEGATE Е R R> 
0< LEAVE :5 АР@ 

| >В БР! SPQ XOR 

| RP! AND U/ U* 
OR CR ?TERMINAL KEY 
CMOVE ENCLOSE (FIND) DIGIT 
EMIT (+LOOP) (LOOP) OBRANCH 
(DO) EXECUTE CLIT LIT 
BRANCH 
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Rockwell 


INTRODUCTION 


The Rockwell Single Chip (RSC) FORTH System can be con- 
figured using the R65F11, R65F12 microcomputers or the 
R6501Q ROM-less microcomputer. One of these microcom- 
puters, when used in conjunction with a development ROM and 
a FORTH kernel ROM, provide the designer with maximum flex- 
ibility when developing FORTH applications. 


RSC-FORTH is based on the popular fig-FORTH model with 
extensions. The R65F11 and R65F12 both have the kernel of 
the high level Rockwell Single Chip RSC-FORTH language con- 
tained in the preprogrammed ROM. The R65FK2 and R65FK3 
Kernel ROMs are preprogrammed ROMs for use with the 
R6501Q when developing larger applications requiring more 
memory and I/O line support. All of the run time functions of the 
RSC-FORTH are contained in these ROMs, including 16- and 
32-bit mathematical, logical and stack manipulation, plus 
memory and input/output operators. The RSC-FORTH Operating 
System allows an external user program written in RSC-FORTH 
or Assembly Language to be executed from external EPROM, 
or development of such a program under the control of the 
R65FR1, R65FR2 or R65FR3 RSC-FORTH Development ROMs. 


This document describes five different RSC-FORTH system con- 
figurations using the development and kernel ROMs. 


ORDERING INFORMATION 


Part No. Description _| 

R65FR1P FORTH Development ROM for R65F11 or R65F12 

R65FR?P FORTH Development ROM for R6501Q 

R65FR3P FORTH Development ROM for R6501Q 

А65ЕК2Р FDRTH Kernel ROM for R6501Q 

R65FKSP FORTH Kernel ROM for R6501Q 

R65F11P 40-Pin FORTH Based Microcomputer at 1 MHz 

R65F11AP | 40-Pin FORTH Based Microcomputer at 2 MHz 

R65F12Q 64-Pin FORTH Based Microcomputer at 1 MHz 

R65F12AQ | 64-Pin FORTH Based Microcomputer at 2 MHz 

R6501Q 64-Pin One-Chip Microprocessor at 1 MHz 

R6501AQ 64-Pin One-Chip Microprocessor at 2 MHz 

Order No. Description 

2145 Н65010 One-Chip Microprocessor Product 
Description 

2146 Н65Ғ11 and R65F12 FORTH Based Microcomputer 
Product Description 

2148 RSC-FORTH User’s Manuat 

2162 Application Note: A Low-Cost Development Module 
for the R65F11 FORTH Microcomputer | 


Document Мо. 29651М80 
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R65FRx AND R65FKx 
RSC FORTH 
DEVELOPMENT AND KERNEL ROMS 


FEATURES 


R65FR1 FORTH Development ROM 

—8K ROM 

—Addressable from $2000 through ӨЗГЕР in FORTH devel- 
opment configuration memory map 

—R65F11 and R65F12 compatible 

—Operates in the R65F11/F12 FORTH development 
configuration 


R65FR2 FORTH Development ROM 

—8K ROM 

—Addressable from $4000 through $5FFF in the FORTH 
development configuration memory map 

—R6501Q compatible for use in emulation of the R65F11/F12 
FORTH development configuration 


R65FR3 FORTH Development ROM 

—8K ROM 

—Addressable from $С000 through $DFFF in the FORTH 
development configuration memory map 

—Operates in the R6501Q FORTH development 
configuration 


R65FK2 FORTH Kernel ROM 

—4K ROM 

—Addressable from $F400 through $FFFF in the FORTH 
development configuration memory map 

—R6501Q compatible for use in the emulation of the 
R65F11/F12 FORTH development configuration 

—Replaces the FORTH kernel contained in the R65F11 and 
R65F12 microcomputers during development 


R65FK3 FORTH Kernel ROM 

—4K ROM 

—Addressable from $F400 through $FFFF in the FORTH 
development and production configuration memory maps 

—R6501Q compatible 

—Operates in the R6501Q FORTH development and produc- 
tion configurations 


RSC-FORTH SYSTEM CONFIGURATIONS 


The three configurations of the RSC-FORTH System are iden- 
tified by the CPU-Development ROM combinations listed below: 


RSC-FORTH System Configurations 


Kernei Deveiopment RSC 
CPU ROM ROM Configuration 
R65F11 | none R65FR1 1 
R65F12 none R65FR1 1 
R6501Q А65ЕК2 R65FR2 2 
R65010 R65FK3 R65FR3 3 | 


Product Description Order Мо. 2177 
February 1984 


R65FR1 


RSC-FORTH CONFIGURATION 1 (R65FR1) 
R65F11/R65F12 DEVELOPMENT AND PRODUCTION 


The RSC-FORTH Configuration 1 provides the designer witha . 


FORTH development and application environrnent at a minimal 
cost. The application program is developed using an R65F11 
or R65F12 microcomputer, an R65FR1 Development ROM and 
external RAM. Up to 8K bytes of RAM space is available using 
this configuration. However, Configuration 1 is limited to 5K or 
less bytes of RAM during development. This is the result of 
allocating 2K bytes of RAM for disk buffers and at least 1K bytes 
of RAM for the ‘‘Program heads’’. The program heads are con- 
tained in a dictionary containing the Name (NFA), Link Field 
Address (LFA) and the Parameter Field Address Pointer (PFA). 
This dictionary is a list of FORTH word words and user-defined 
FORTH words used in the development of a FORTH program 
and is not present during the execution of the FORTH program. 


RSC FORTH ROMs 


Although programs may reside in the upper 8K bytes of memory 
area, normally filled by the R65FR1 Development ROM, it is dif- 
ficult to develop code for that area using this configuration of 
the RSC-FORTH System. 


The difference in using the R65F11 or the R65F12 is in the 
number of I/O lines available to the user. Тће R65F11 supports 
16 I/O lines, the R65F12 supports 40 МО lines. 


Figure 1 shows the development and production configurations 
forthe R65F11/F12. Configurations ТА and 18 list the features, 
memory maps, and the relationship of the R65F11 and R65F12 
to the R65FR1 Development ROM in the development and рго- 
duction environment. 


APPLICATION 
DEVELOPMENT 
RAM 
=8К BYTES 


R65F11/ 
R65F12 
MICRO- 
COMPUTER 


R65FR1 
DEVELOPMENT 
ROM 
8K BYTES 


DEVELOPMENT 


APPLICATION 
EPROM 
<8К BYTES 


R65F11/ 
R65F12 
MICRO- 
COMPUTER 


APPLICATION 
RAM 
(OPTIONAL) 


PRODUCTION 


Figure 1. 
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R65FR1 Configuration 1 Block Diagram 


R65FR1 


RSC FORTH ROMs 


CONFIGURATION 1A CONSIDERATIONS 


Features 
* 8K Bytes of User Memory 
* 1610 Lines 


Device Configuration 


DEVELOPMENT PRODUCTION 


R65F11 Microcomputer 


R65FR1 Development ROM 


User Метогу--І/О Resource Matrix 


User memory may be a mix of ROM, EEROM, UVPROM or 
RAM. 


MEMORY 


ИО LINES 


MURS MEZ CEN 
Fooo 


4000 


R65FR1 
MUX BUS 2000 
USER MEMORY 
0000 
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CONFIGURATION 1B CONSIDERATIONS 


Features 
* вк Bytes of User Memory 
• 40 I/O Lines 


Device Configuration 


DEVELOPMENT PRODUCTION 


R65F12 Microcomputer 


R65FR1 Development ROM 


User Memory—i/O Resource Matrix 


User memory may be a mix of ROM, EEROM, UVPROM or 
RAM. 


MEMORY 
16K 
VO LINES 
аны д БЕЛСЕН 
F000 
4000 
R65FR1 
MUX BUS 2000 


USER MEMORY 


0000 


R65FR2 • R65FK2 


RSC-FORTH CONFIGURATION 2 
(R65FR2, R65FK2) 


R6501Q DEVELOPMENT AND R65F11/F12 
PRODUCTION 


The RSC-FORTH Configuration 2 provides the designer with the 
capability of using the full 16K bytes of external address space 
of the R65F11 and R65F12. 


The R6501Q ROM-less microprocessor, when used with the 
R65FK2 Kernel ROM and the R65FR2 Development ROM, 
emulates the operation of the R65F11/F12. Because of the 
greater address space of the R6501Q, the R65FR2 Development 
ROM can be relocated to address $4000 and the disk buffers 
and HEADS program to $6000. This expands the available user 
memory space to 16K bytes, $0000 through $3FFF. 


RSC FORTH ROMs 


Using this configuration, the application program can be 
developed using the R6501Q and then later installed in an 
R65F11 or R65F12 microcomputer without modification. 


Figure 2 shows the development and production configuration 
for the R6501Q. Configurations 2A and 28 list the features, 
memory maps, and the relationship of the R6501Q to the 
R65FR2 Development ROM and R65FK2 Kernel ROM in the 
development and production environment. Figure 3 is a 
schematic of the R6501Q, R65FR2, R65FK2 development setup. 


DISK AND 
HEADS RAM 
=8К BYTES 


R65FR2 
DEVELOPMENT 
ROM 
8K BYTES 


R65FK2 


R6501Q 


MICRO- KERNEL 
PROCESSOR экес 


АРРЫСАПОМ 
DEVELOPMENT 
RAM 
=16K BYTES 


DEVELOPMENT 


APPLICATION 
EPROM 
516К 


R65F11/ 
Ң65Ё12 
MICRO- 
PROCESSOR 


APPLICATION 
RAM 
16K BYTES 


PRODUCTION 


Figure 2. R65FR2 and R65FK2 Configuration 2 Block Diagrams 
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R65FR2 е R65FK2 RSC FORTH ROMs 


CONFIGURATION 2A CONSIDERATIONS CONFIGURATION 2B CONSIDERATIONS 
Features Features 
* 16K Bytes of User '"'Headerless" Memory e 16K Bytes of User ‘‘Headerless’’ Memory 
e 16 ИО Lines • 40 I/O Lines 
Device Configuration Device Configuration 
DEVELOPMENT PRODUCTION DEVELOPMENT PRODUCTION 


R65F11 Microcomputer R65F12 Microcomputer 


R6501Q Microprocessor R6501Q Microprocessor 


R65FR2 Development ROM R65FR2 Development ROM 


R65FK2 Kernel ROM R65FK2 Kernel ROM 


Memory—i/O Matrix Memory—i/O Matrix 
№ floppy disk is used in the application, space for the disk buf- If floppy disk is used in the application, space for the disk buf- 
fers must be allocated in memory from $0500 through $3FFF fers must be allocated in memory $0000 through $3FFF. User 
or $6000 through $7FFF. User memory can be a mix of ROM, memory can be a mix of ROM, EEROM, UVROM or RAM. 
EEROM, UVROM or RAM. 
48K ү > «a 48K Г | 
МЕМОЋУ MEMORY 
16K 
8K 
0 
ИО LINES 1/0 LINES 
Memory Maps Memory Maps 
DEVELOPMENT EFFE PRODUCTION DEVELOPMENT PRODUCTION 
#4 [KERNEL | ШІ Resrka | ДЙ | KERNEL | 
cian Г ResFK2 | rapo KERNEL KERNEL 


ВК USER RAM 
(HEADS) 


R65FR2 


4000 
USER 
MEMORY 
(CODES ONLY) 


0000 
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R65FR2 • R65FK2 


эцешецэ$ иоцезпбциод uoneorddy zysou рие zu-soH “00996 `E anG! 


“(пәмхоон 122305) 
зиполю 311 Buisn Apua рајопдаиоз әд nw 
9 10 4 ‘3 зиоа шә1545 214694 е Busine иәчм 


PSGSUUSS jou јели зол5—00998 99 66 ша 
SALON 
4 ы 005772 Zn 
4 ы 0:67: эп 
4 vi #057194 sn m 
QNO  AS* 


sna viva 


» Кєє] ва 


sna ssauaav 


J1 (40 PIN DIP SOCKET) 


8 
U1 R6501Q (64 PIN QUIP) 


зо Ё 52 3047 52 30 52 gm 
ва О ev ean Фу ва = ev ву 
10 = WW ia ү 0 = іу 
гат zv га = гу zaQ гу 
ea? су ғай cv сағ tv 
ға ev ФП о ФУ тад. Ру 
за = sv saN sv Sd op. SV 
за S ov 90, 9v saN 9v 
za~ iv 102 Lv Кр, 
9 9v сч 8У ам 5 ву 
iL 6v (С ву 6v 
19 olv Ш огу Жоу 
Ену e ну v 
2 Č ziv v 


AS* 


USE 40 PIN DIP JUMPER TO PLUG INTO R65F11 SOCKET 
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RSC FORTH ROMs 


RSC-FORTH CONFIGURATION 3 
(R65FR3, R65FK3) 


R6501Q BASED SYSTEM DEVELOPMENT 
AND PRODUCTION 


The RSC-FORTH Configuration 3 is designed for those applica- 
tions which require a larger amount of ROM or RAM space than 
the R65F11 or R65F12 can provide. 


In the development configuration, the user is provided with up 
to 48K bytes of memory. The user memory is located from $0000 
through $BFFF. The program heads will use some of this area 
but the user will still have considerably more memory space 
available then in the previous configurations. 


The production configuration provides up to 56K bytes of user 
memory. This is due to the fact that the R65FR3 Development 
ROM, used in the development configuration, is not required 
in the production configuration and releases the 8K bytes of 
memory space. This memory is located at $С000 through 
$DFFF. 


Figure 4 shows the development and production configurations 
for the R6501Q. Configuration 3 lists the features, memory maps, 
and the relationship of the R6501Q to the R65FR3 Development 
ROM and the R65FK3 Kernel ROM in the development and pro- 


duction environment. 


R65FR3 
DEVELOPMENT 
ROM 
8K BYTES 


96501 srka 
KERNEL 
MICRO- ROM 
PROCESSOR 4K BYTES 


APPLICATION 
DEVELOPMENT 
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48K BYTES 


DEVELOPMENT 


R6501Q 
MICRO- 
PROCESSOR 


APPLICATION 


RAM 
=56К BYTES 


PRODUCTION 


Figure 4. R65FR3 and R65FK3 
Configuration 3 Biock Diagrams 
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CONFIGURATION 3 CONSIDERATIONS 


Features 
• R6501Q w/FORTH 


* 48K Bytes of User Memory 


® 30 МО Lines 


Device Configuration 


R6501Q Microcomputer 


R65FK3 Development ROM 


R65FR3 Kernel ROM 


DEVELOPMENT PRODUCTION 


User Memory—i/O Resource Matrix 


АП ports act as МО ports. Memory is on the bus. PC6 & PC7 
(/О lines) are assigned to memory. User memory can be a mix 
of ROM, EEROM, UVPROM or RAM. 


MEMORY 
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RSC-FORTH ROM Pin Assignments 
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ONE-CHIP MICROPROCESSOR 


SECTION 1 
INTRODUCTION 


1.1 FEATURES OF THE R6501Q 


Enhanced 6502 CPU 
—Four new bit manipulation instructions 
e Set Memory Bit (SMB) 
e Reset Memory Bit (RMB) 
e Branch on Bit Set (BBS) 
e Branch on Bit Reset (BBR) 
—Decimal and binary arithmetic modes 
—13 addressing modes 
—True indexing 
192-byte static RAM 
32 bidirectional, TTL-compatible ИО lines (four ports) 
One 8-bit port may be tri-stated under software control 
One 8-bit port may have latched inputs under software 
control 
Two 16-bit programmable counter/timers, with latches 
—Pulse width measurement 
— Asymmetrical pulse generation 
—Pulse generation 
— Interval timer 
—Event counter 
—Retriggerable interval timer 
Serial port 
—Full-duplex asynchronous operation mode 
— Selectable 5- to 8-bit characters 
— Wake-up feature 
— Synchronous shift register mode 
—Standard programmable bit rates programmable 
up to 62.5K bits/sec @ 1 MHz 
Ten interrupts 
— Еоџг edge-sensitive lines; two positive, two negative 
—Reset 
—Non-maskable 
—Two counter underflows 
—Serial data received 
—Serial data transmitted 


e Bus expandable to 64K bytes of external memory 

e Flexible clock circuitry 

--2-МН2 or 1-MHz internal operation 

—4 MHz Crystal used to generate internal clocks 

1 us minimum instruction execution time at 2 MHz 
NMOS-3 silicon gate, depletion load technology 

Single +5V power supply 

12 mW stand-by power for 32 bytes of the 192-byte RAM 
64-pin QUIP 


1.2 SUMMARY 


The Rockwell R6501Q is a complete, high-performance 8-bit 
NMOS-3 microcomputer on a single chip and is compatible 
with all members of the R6500 family. 


The R6501Q consists of an enhanced 6502 CPU, an internal 
Clock oscillator, 192 bytes of Random Access Memory (RAM), 
and versatile interface circuitry. The interface circuitry in- 
cludes two 16-bit programmable timer/counters, 32 bidirec- 
tional input/output lines (including four edge-sensitive lines 
and input latching on one 8-bit port), a full-duplex serial ИО 
channel, ten interrupts, and bus expandability. 


The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of 
computational power. These features make the R6501Q a 
leading candidate for microcomputer applications. 
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Rockwell supports development of the R6501Q with the 
System 65 Microcomputer Development System and the 
R6500/* Family of Personality Modules. Complete in-circuit 
emulation with the R6500/* Family of Personality Modules 
allows total system test and evaluation. 


This product description assumes that the reader is familiar 
with the А6502 CPU hardware and programming capabili- 
ties. A detailed description of the А6502 CPU hardware is 
included in ће А6500 Microcomputer System Hardware 
Manual (Document Number 29650N31). A description of the 
instruction capabilities of the R6502 CPU is contained in the 
R6500 Microcomputer System Programming Manual (Doc- 
ument Number 29650N30). 
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1.3 CUSTOMER OPTIONS 


The Н65010 has no customer specified mask options. it has > 
the following characteristics. 

e Crystal Oscillator 

e Clock Divide by 4 

e Clock MASTER Mode 

e Reset Vector at FFFC 

e Internal pull-up resistors on Ports PA, PB, and PC 
1.4 ORDERING INFORMATION 


R6501Q — 4 MHz Xtal, 1 MHz Operation 
R6501AQ — 4 MHz Xtal, 2 MHz Operation 
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Mechanical Outline & Pin Out Configuration 
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SECTION 2 | 
R6501Q INTERFACE REQUIREMENTS 


This section describes the interface requirements for the TABLE 2-1. R6501Q Pin Descriptions 
R6501Q. Figure 2-1 and 2-2 show the Interface Diagram and SIGNAL NAME PiN NO. DESCRIPTION 
the pin out.configuration for both devices. Table 2-1 describes ` Voc 21 Main power supply --5V 
the function of each pin. Figure 3-1 has a detailed block dia- Ман 43 Separate power pin for RAM. 
gram of the R6501Q ports which illustrates the internal func- in the event that Мос power 
tion of the device. is off, this power retains RAM 
data. 
Vss 44 Signal and power ground (OV) 
XTLI 42 Crystal or clock input for in- 


ternal clock oscillator. Allows 
input of X1 clock signal if 
XTLO is connected to Vss or 
of X4 clock if XTLO is floated. 


XTLO 41 Crystal output from internal 
clock oscillator. 
RES 6 The Reset input is used to 
initialize the device. This sig- 
кто г nal must not transition’ from 
71 low to high for at least eight 
XTU — — 4 CLOCK 
OSCILLATOR EDGE DETECT cycles after Vcc reaches op- 
Ува В ; 
erating range and the inter- 
RES— =] INTERRUPT ӘС) РАО-РАТ (PAD, РАТ. nal oscillator has stabilized. 
PORT A PA2, РАЗ: | А 
КМ — Loic EDGE DETECTS) $2 45 Clock signal output at inter- 
Yee] па! frequency. 
Vgg——>| cpu PORT B 8С bs iran (LATCHED INPUTS) NMI 23 A negative going edge on the 
(DATA STROBE)" Non-Maskable Interrupt sig- 
РА NC) рсорст па! requests that а поп- 
192.8 PORT C maskable interrupt be gen- 
"— RAM erated with the CPU. 
А0-А12, A15 Ch. K> ғооо? РАО-РА7 39-32 Four 8-bit ports used for 
SYNC BUS CONTROL PORT D PBO-PB7 31-24 either input/output. Each line 
ane LL РСО-РС7 54-61 of Ports А, В and С consists 
ГТ (eur | PDO-PD7 62-64, of an active transistor to Vss 
CONTROL 1-5 and a passive pull-up to Vcc. 
REGISTERS COUNTER/LATCH . р: pl р сс. 
А > св Pas. Port D functions as either ап 
"m SERIAL RECEIVE, So (РАВ). 8-bit input or 8-bit output port. 
CoUNTERLATCH | | TRANSMIT | (РАТ) It has active pull-up and pull- 
8 ee down transistors. 
"MULTIPLEXED FUNCTIONS PINS (Software Selectablo) А0-А12, А15 20-7 Fourteen address lines used 
to address а complete 
Figure 2-2. interface Diagram 65K external address space. 


Note: A13 & A14 are sourced 
through PC6 & PC7 when in 
the Full Address Mode. 

DBO-DB7 53-46 Eight bidirectional data bus 
lines used to transmit data to 
and from external memory. 

SYNC 22 SYNC is a positive going sig- 
nal for the full clock cycle 
whenever the CPU is per- 
forming an OP CODE fetch. 

R/W 40 Controls the direction of data 
transfer between the CPU 
and the extemal 65K ad- 
dress space. The signal is 
high when reading and low 
when writing. __ 
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SECTION 3 
SYSTEM ARCHITECTURE 


This section provides a functional description of the R6501Q. 
Functionally the R6501Q consists of a CPU, RAM, four 8-bit 
parallel I/O ports, a serial I/O port, dual counter/latch circuits, 
a mode control register, and an interrupt flag/enable dual 
register circuit. A block diagram of the system is shown in 
Figure 3-1. 


NOTE 


Throughout this document, unless specified otherwise, 
all memory or register address locations are specified 
in hexadecimal notation. 


3.1 CPU LOGIC 


The R6501Q internal CPU is a standard 6502 configuration 
with an 8-bit Accumulator register, two 8-bit Index Registers 
(X and Y); an 8-bit Stack Pointer register, an ALU, a 16-bit 
Program Counter, and standard instruction register/decode 
and internal timing control logic. 


3.1.1 Accumulator 


The accumulator is а general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. п 
addition, the accumulator usually contains one of the two 
data words used in these operations. 


3.1.2 Index Registers 


There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address—the sum of 
the program counter contents and the index register contents. 


When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address 
and modifies the address from memory by adding the index 
register to it prior to loading or storing the value of memory. 


Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 


3.1.3 Stack Pointer 


The Stack Pointer is ап 8-bit register. | is automatically 
incremented and decremented under control of the micro- 
processor to perform stack manipulation in response to either 
user instructions, an internal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the user program. 


The stack ailows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may 
be accessed only from the top. The address of а memory 
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location is stored (or "ризћед") onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1. The Stack Pointer is then placed on the Address Bus and 
data are read from the memory location addressed by the 
Pointer. 


The stack is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves іле Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 


3.1.4 Arithmetic And Logic Unit (АГИ) 


All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle. the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 


Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 


3.1.5 Program Counter 


The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetcaes an instruction 
from program memory, the lower (least s gnificant) byte of 
the Program Counter (PCL) is placed оп "ће low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 


3.1.6 instruction Register and instruction Decode 


Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register, then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 


3.1.7 Timing Control 


The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 
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3.1.8 Interrupt Logic 


Interrupt logic controls the sequencing of three interrupts; 
RES, NMI and IRQ. IRQ is generated by any one of eight 
conditions: 2 Counter Overflows, 2 Positive Edge Detects, 
2 Negative Edge Detects, and 2 Serial Port Conditions. 


3.2 NEW INSTRUCTIONS 


In addition to the standard R6502 instruction set, four new 
bit manipulation instructions have been added to the В65010. 
The added instructions and their format are explained in the 
following paragraphs. Refer to Appendix A for the Op Code 
mnemonic addressing matrix for these added instructions. 
The four added instructions do not impact the CPU processor 
status register. 


3.2.1 Set Memory Bit (SMB m, Addr.) 


This instruction sets to "1" one of the 8-bit data field specified 
by the zero page address (memory or I/O port). The first byte 
of the instruction specifies the SMB operation and one of eight 
bits to be set. The second byte of the instruction designates 
address (0-255) of the byte to be operated upon. 


3.2.2 Reset Memory Bit (RMB m, Addr.) 


This instruction is the same operation and format as SMB 
instruction except a reset to "0" of the bit results. 


3.2.3 Branch On Bit Set Relative (BBS m, Addr, 
DEST) 


This instruction tests one of eight bits designated by a 3-bit 
immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
УО ports). The third byte of the instruction is used to specify 
the 8-bit relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
sequential instruction is executed. 


3.2.4 Branch On Bit Reset Relative (BBR m, 
Addr, DEST) 


This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested 
is а "О". 


3.3 READ-ONLY-MEMORY (ROM) 
The R6501Q has no ROM and its Reset vector is at FFFC. 
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3.4 RANDOM ACCESS MEMORY (RAM) 


The RAM consists of 192 bytes of read/write memory with 
an assigned page zero address of 0040 through OOFF. The 
Н65010 provides a separate power pin (Уаң) which may be 
used for standby power for 32 bytes located at 0040-005F. 
In the event of the loss of М.с power, the lowest 32 bytes of 
RAM data will be retained if standby power is supplied to the 
Var ріп. If the RAM data retention is not required then Мак 
must be connected to Усс. During operation Vre must be at 
the Усс level. 


For the RAM to retain data upon loss of Vec, Ман must be 
supplied within operating range and RES must be driven low 
at least eight 02 clock pulses before Vec falls out of operating 
range. RES must then be held low while Vcc is out of oper- 
ating range and until at least eight 02 clock cycles after Усс 
is again within operating range and the internal 02 oscillator 
is stabilized. Van must remain within Vcc operating range 
during normal operation. When Vec is out of operating range, 
Var must remain within the Уаң retention range in order to 
retain data. Figure 3.2 shows typical waveforms. 


RAM OPERATING MODE RAM RETENTION MODE 


— 
lo 

INITIAL APPLICATION OF Усс AND Via. 

LOSS OF Усс, RAM DN STANDBY POWER. 

REAPPLICATION OF V... 

78 92 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 

78 82 CLOCK PULSES. 


eN- 


Figure 3-2. Data Retentlon Timing 


3.5 CLOCK OSCILLATOR 


The R6501Q has been configured for a crystal oscillator, 
a countdown network, and for Master Mode: Operation. 


A reference frequency can be generated with the on-chip 
oscillator using either an external crystal or an external 
oscillator. The oscillator reference frequency passes 
through an internal countdown network to obtain the 
internal operating frequency (see Figures 3-3a and 3-3b). 
The external crystal generated reference frequency is a 
preferred method since the resistor method can have tol- 
erances approaching 50%. 


Note: 


When operating at 1 MHz interval frequency 
(R6501Q) place a 15-22 pt capacitor between 
XTLO and ground. 
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Internal timing can also be controlled by driving the XTLI pin 
with an external frequency source. Figure 3-3c shows typical 
connections. if XTLO is left floating, the external source is 
divided by the internal countdown network. However, if XTLO 
is tied to Vss, the internal countdown network is bypassed 
causing the chip to operate at the frequency of the external 
Source. 


2амш [— 


а. Crystal input 


Vee. 


2-6 MHz 
fa = 2 MHZ 


Ver 


3000) 
1-2MHz хт! 
ћи = 1 or 2 MHz 


R6501Q 
Ка ћи 


XTLO 
ма, = 


b. Clock Inputs 


Figure 3-3. Clock Osciliator input Options 


3.6 MODE CONTROL REGISTER (MCR) 


The Mode Control Register contains control bits for the mul- 
tifunction /О ports and mode select bits for Counter A and 
Counter B. Its setting, along with the setting of the Serial 
Communications Control Register (SCCR), determines the 
basic configuration of the R6501Q in any application. Initial- 
izing this register is one of the first actions of any software 
program. The Mode Control Register bit assignment is shown 
in Figure 3-5. 


3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (IER) 

An IRQ interrupt request can be initiated by any or all of eight 

possible sources. These sources are all capable of being 


enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
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simultaneous interrupts cause the IRQ interrupt request to 
remain active until all interrupting conditions have been 
serviced and cleared. 


The interrupt Flag Register contains the information that 
indicates which 1/О or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 
0010. The RMB X, (0010) instruction reads FF, modifies bit 
X to a "0", and writes the modified value at address location 
0011. In this way IFR bits set to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. A logic "1" is ignored when writing to 
edge detect IFR bits. 


Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the 


Tespective bit position at location 0012. Individual IER bits 


may be cleared by writing a "0" in the respective bit position, 
or by RES. if set to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1. 


Addr 0014 
Counter B Mode Select 
Mode Select 0 0 Interval Timer 
0—— 1 Pulse Generation 
$1 ——— 0 Event Counter 
Bus Mode Select 1——— 1 Pulse Width Meas. 
` 0 0 interval Timer 
0 — — 1 Asymmetric Puise Generation 
1 — 0 Event Counter 
1---- 1 Retriggerabie interval Timer 
Port B Latch 
(1 = Enabled) 
Port D Tri-State 
(0- Tri State High impedance Mode) 
0 0 Full Address 
0-----1 Normal 
1-----0 Not Ussd 
1———t Not Used 


Figure 3-5. Mode Control Register 


The use of Counter A Mode Select is shown in Section 6.1. 
The use of Counter B Mode Select is shown in Section 6.2. 
The use of Port B Latch Enable is shown in Section 4.4. 


The use of Port D in Tri-State Enable is shown in Section 
46. 


The use of Bus Mode Select is shown in Section 4.5 and 4.6. 
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Edge Detect 

PA2 Negative 

Edge Detect 

PA3 Negative 

Edge Detect 

Counter A 

Undertiow Flag 

Counter B 

Underflow Flag 

Receiver 

Flag 


XMTR 
Flag 


Figure 3-6. Interrupt Enable and Flag Registers 


3.8 PROCESSOR STATUS REGISTER 


The 8-bit Processor Status Register, shown in Figure 
3-7, contains seven status flags. Some of these flags are 
controlled by the user program; others may be controlled 
both by the users program and the CPU. The Н6502 
instruction set contains a number of conditional branch 
instructions which are designed to allow testing of these 
flags. Each of the eight processor status flags is 
described in the following sections. 


3.8.1 Carry Bit (C) 


The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic O if no carry 
occurred as the result of arithmetic operations. 
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The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, СМР, CPX, СРУ, LSR, PLP, ROL, ROR, RTI, 
and SBC. 


* CARRY (С) (1) 


1 = Carry Set 
О = Carry Clear 


- ZERO (7) (Г) 


1 = Zero Result 
0 = Моп-Хего Result 


. INTERRUPT DISABLE ШӨ) 


1 = IRQ Interrupt Disabled 
0 = IRQ Interrupt Enabled 


“ DECIMAL MODE (D) © 


t = Decimal Mode 
0 = Binary Mode 


- BREAK COMMAND (19) 


1 . Break Command 
0 - Non Break Command 


OVERFLOW (0) (Т) 


1= Overflow Set 
0 = Overflow Clear 


- NEGATIVE (N) (1) 


NOTES 
(Т) Not initiatized by RES 


(2) Set to Logic 1 by RES 


1z Negative Value 
O= Postive Value 


Figure 3-7. Processor Status Register 


Table 3-1. Interrupt Flag Register Bit Codes 


PAO Positive Edge Detect Flag— Set to a "1" when a positive going edge is detected on PAO. 
РАТ Positive Edge Detect Flag—Set to a 1 when a positive going edge is detected on PA1. 
PA2 Negative Edge Detect Flag— Set to a 1 when a negative going edge is detected on PA2. 
РАЗ Negative Edge Detect Flag— Set to 1 when a negative going edge is detected on РАЗ. 


Counter A Опдетом Flag— Set to a t when Counter A underflow occurs. Cleared by reading 
the Lower Counter A at location 0018, by writing to address location 001A, or by RES. 


Counter B Underflow Flag— Set to a 1 when Counter B underflow occurs. Cleared by reading 
the Lower Counter B at location 001C, by writing to address location 001Е, or by RES. 


Receiver Interrupt Flag-—Set to а 1 when any of the Serial Communication Status Register bits 
O through З is set to a 1. Cleared when the Receiver Status bits (SCSFI 0-3) are cleared or by 


BiT 

CODE FUNCTION 
IFR 0: 

Cleared by RMB O (0010) instruction or by RES. 
IFR 1: 

Cleared by RMB 1 (0010) instruction or by RES. 
IFR 2: 

Cleared by RMB 2 (0010) instruction or by RES. 
IFR 3: 

Cleared by RMB 3 (0010) instruction or by RES. 
IFR 4: 
IFR 5: 
IFR 6: 

RES. 
IFR 7: 


Transmitter Interrupt Flag— Set to а 1 when SCSR 6 is set to а 1 while SCSR 5 is а 0 or SCSR 
7 is set to а 1. Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8.2 Zero Bit (Z) 


The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 
zero. This bit is cleared to logic O when the resultant 8 bits 
of a data movement or calculation operation are not all zero. 
The R6500 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, 
affected by the following instructions; ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 


3.8.3 Interrupt Disable Bit (I) 


The Interrupt Disable Bit (i) is used to contro! the servicing 
of an interrupt request (IRQ). If the ! Bit is reset to logic 0, 
the [RQ signal will be serviced. If the bit is set to logic 1, the 
IRQ signal will be ignored. The CPU will set the Interrupt 
Disable Bit to logic 1 if a RESET (RES), ГАО, ог Non-Mask- 
able Interrupt (NMI) signal is detected. 


The | bit is cleared by the Clear interrupt Mask instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit is set by the BRK Instruction. The Return from inter- 
rupt (RTI) and Pull Processor Status (PLP) instructions will 
also affect the | bit. 


3.8.4 Decimal Mode Bit (D) 


The Decimal Mode Bit (D) is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1, the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates аз a straight binary adder. The adder 
mode is controlled only by the programmer. The Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction clears it. The PLP and RTI instruc- 
tions also affect the Decimal Mode Bit. 


CAUTION 
The Decimal Mode Bit will either set or clear in an 


unpredictable manner upon power application. This bit 
must be initialized to the desired state by the user pro- 
gram or erroneous results may occur. 
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3.8.5 Break Bit (B) 


The Break Bit (B) is used to determine the condition which 
caused the IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU executed a BRK 
command, the Break Bit will be set to logic 1. If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no 
instructions which can set or clear this bit. 


3.8.6 Overflow Bit (V) 


The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 = п = 127). 
This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or —128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 


The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction—which may be used to sample interface 
devices—allows the overflow flag to reflect the condition of 
bit 6 in the sampled field. During a BIT instruction the Over- 
flow Bit is set equal to the content of the bit 6 on the data 
tested with BIT instruction. When used in this mode, the 
overflow has nothing to do with signed arithmetic, but is just 
another sense bit for the microprocessor. instructions affecting 
the V flag are ADC, BIT, CLV, PLP, RTI and SBC. 


3.8.7 Negative Bit (N) 


The Negative Bit (N) is used to indicate that the sign bit (bit 
7) in the resulting value of a data movement or data arith- 
metic operation is set to logic 1. If the sign bit is set to logic 
1, the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The 
instructions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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ЅЕСТІОМ 4 
PARALLEL INPUT/OUTPUT PORTS 
& BUS MODES 


The devices have 32 ИО lines grouped into four 8-bit ports 
(PA, PB, PC, and PD). Ports A through C may be used either 
for input or output individually or in groups of any combination. 
Port D may be used as all inputs or all outputs. 


Multifunction I/O's such as Port A and Port C are protected 
from norma! port VO instructions when they are programmed 
to perform a multiplexed function. 


Internal pull-up resistors (FET's with an impedance range of 
ЗК = R, = 12K ohm) are provided on all port pins except 
Port D. 


The direction of the 32 I/O lines are controlled by four 8-bit 
port registers located in page zero. This arrangement pro- 
vides quick programming access using simple two-byte zero 
page address instructions. There are no direction registers 
associated with the I/O ports, thus simplifying ИО handling. 
The ИО addresses are shown in Table 4-1. Appendix E.4 
shows the 1/О Port Timing. 


Table 4-1. МО Port Addresses 
PORT ADDRESS 
A 0000 
B 0001 
с 0092 
р 0003 
4.1 INPUTS 


Inputs for Ports А, В, and С are enabled by loading logic 1 
into all МО port register bit positions that are to correspond 
to I/O input lines. A low (<0.8V) input signal will cause a logic 
0 to be read when a read instruction is issued to the port 
register. A high (>2.0V) input will cause a logic 1 to be read. 
An RES signal forces all I/O port registers to logic 1 thus 
initially treating all I/O lines as inputs. 
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Port D may only be all inputs or all outputs. All inputs is 
selected by setting bit 5 of the Mode Control Register (MCR5) 
to a "0". 


The status of the input lines can be interrogated at any time 
by reading the ИО port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the ГО port registers. 


Read/Modify/Write instructions can be used to modify the 
operation of PA, PB, PC, & PD. During the Read cycle of a 
Read/Modify/Write instruction the Port I/O register is read. 
For all other read instructions the port input lines are read. 
Read/Modify/Write instructions are: ASL, DEC, INC, LSR, 
RMB, ROL, ROR, and SMB. 


4.2 OUTPUTS 


Outputs for Ports A thru D are controlled by writing the 
desired ИО line output states into the corresponding ИО port 
register bit positions. A logic 1 will force a high (>2.4V) 
output while a logic 0 will force a low (<0.4М) output. 


Port D all outputs is selected by setting МСР5 to a "1". 


4.3 Port A (PA) 


Port A can be programmed via the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit incependent, !/O port 
or as serial channel /О lines, counter ИС, lines, or an input 
data strobe for the Port B input latch option. Table 4-2 tab- 
ulates the control and usage of Port A. 


In addition to their normal I/O functions, PAO and PA1 can 
detect positive going edges and PA2 and РАЗ can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit in the ЈЕВ and generate an 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detected is one- 
half the ffe clock rate. Edge detection timing is shown in Ap- 
pendix E.3. 
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PAO (2) 
PIN 39 


РАТ (2) 
PIN 38 
PA2 (3) 
PIN 37 
PA3 (3) 
PIN 36 


РА4 
PIN 35 


PAS 
PIN 34 


РАб 
РМ 33 


РА? 
РІМ 32 
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Table 4-2. Port A Control and Usage 


PORT B LATCH MODE 


PAO VO 
MCR4 = 0 


SIGNAL 


MCR4 = 1 
SIGNAL 


NAME TYPE 


PORT B 
LATCH STROBE 


INPUT (1) 


PA1-PA3 I/O 
SIGNAL 
NAME | ТҮРЕ 
РА1 Де) 
PA2 yo 
PA3 Де) 
РА4 1/0 COUNTER A I/O 
MCRO = 0 MCRO = 1 SCCR7 = 0 
MCR1 = 0 МСАТ = 0 SCCR6 = 0 
SCCR7 = 0 SCCR7 = 0 MCR1 = 1 
RCVR S/R MODE - 0 RCVR S/R MODE = 0 
(4) (5) (4) 
5 SIGNAL SIGNAL SIGNAL 
NAME TYPE NAME TYPE NAME TYPE 
PA4 | VO CNTA OUTPUT CNTA INPUT (1) 
SERIAL I/O SHIFT REGISTER CLOCK 
5ССА7 = 1 RCVR S/R MODE = 1 
SCCR5 = 1 i (4) 
SIGNAL SIGNAL 
NAME TYPE | МАМЕ TYPE 
XMTR CLOCK OUTPUT RCVR CLOCK INPUT (1) 
PAS I/O COUNTER В/О 
MCR3 = 0 MCR3 = 0 MCR3 = 1 
MCR2 = 0 MCR2 = 1 MCR2 = X 
SIGNAL SIGNAL SIGNAL 
NAME TYPE NAME TYPE МАМЕ | ТҮРЕ 
РАБ Ше] CNTB OUTPUT CNTB INPUT (1) 
5 (1) HARDWARE BUFFER FLOAT 
SERIAL О (2) POSITIVE EDGE DETECT 
РАб ГО. XMTR OUTPUT (3) NEGATIVE EDGE DETECT 
(4) RCVR S/R MODE = 1 WHEN 
SCCR7 = 0 SCCR7 = 1 SCCR6 · SCCR5 · SCCR4 = 1 
SIGNAL SIGNAL (5) For the following mode combi- 
nations PA4 is available as an 
NAME TYPE NAME TYPE Input Only pin: 
PAG Ге! XMTR OUTPUT SCCR7*SCCRESCCR5MCRI1 
+ SCCR7-SCCRESCCR4:MCRI1 
+SCCR7*SCCRESCCR5 
SERIAL I/O +SCCR7SCCR5SCCR4 
РА? ЏО НСУН INPUT 
SCCR6 = 0 SCCR6 = 1 
SIGNAL SIGNAL 
NAME TYPE NAME TYPE 
PA7 е] RCVR INPUT (1) 
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4.4 PORT B (PB) 


Port B can be programmed as an 8-bit, bit-independent I/O 
port. It has a latched input capability which may be enabled 
or disabled via the Mode Control Register (MCR). Table 
4-3 tabulates the control and usage of Port B. An Input Data 
Strobe signal must be provided thru PAO when Port B is pro- 
grammed to be used with latched input option. input data 
latch timing for Port B is shown in Appendix E.3. 


Table 4-3. Port B Control & Usage 
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4.5 PORT C (PC) 


Port C can be programmed as an ИО port, or as part of the 
full address bus. When operating in the Full Address Mode 
PC6 and РС? serve as A13 and A14 with PCO-PC5 operating 
as normal ИО pins. 


4.6 PORT D (PD) 


Port D can be programmed as an I/O Fort. Mode selection 
for Port D is made by the Mode Control Register (MCR). The 
Port D output drivers can be selected as tri-state drivers by 


LATCH setting bit 5 of the MCR to 1 (one). Table 4-5 shows the nec- 
VO MODE MODE essary settings for the MCR to achieve the various modes 
for Port D. 
MCR4 = 0 ме», 51 
ым ым SIGNAL SIGNAL 4.7 BUS MODES 
# NAME | NAME TYPE NAME TYPE In the Full Address Mode, the separate address and data bus 
(1) are used in conjunction with PC6 and PC7, which automat- 
| г ically provide А13 апа А14. The remaining ports perform the 
31 PBO PBO Џој РВО INPUT normal ИО function. 
30 PB1 PB1 Де] РВ1 INPUT 
29 PB2 | PB? О РВ2 | INPUT In the YO Bus Mode ай ports serve as I/O. The address and 
28 one in vo БЕЗ PUT data bus are still functional but without A13 and A14. Since 
M the internal RAM and registers are in the ООХХ location, A15 
26 PB5 РВ5 Џеј РВ5 INPUT ; » ; 
25 PB6 PB6 vO PB6 INPUT can be used for chip select and A0-A12 used for selecting 
24 PB7 | PB7 О РВ7 | INPUT 8K of external memory. 


(1) RESISTIVE PULL-UP, ACTIVE BUFFER PULL DOWN 
(2) INPUT DATA IS STORED IN PORT B LATCH BY PAO PULSE 


065110 OR 9650013 


AT3 (PCS) 
A14 (PCT) 


-—_ ———— UP TO 64K-244 SYNC 
РА OF EXTERNAL UP TO 16K-244 
но OR MEMORY OF EXTERNAL 
SYNC ACTIVE FROM 10 ОР MEMORY 
0004-000F, ACTIVE FROM 
DATA BUS х В 0100-ЕРЕЕ DATA BUS ] 
— 8100-1FFF | 
K Dag-D87 VECTORS AT D8é-DB7 & 60009FFF 
— — —. FFFA-FFFF ———— (VECTORS AT 
ADDRESS BUS ADDRESS BUS SFFA-SFFF) 
Metz, А15 


48-412, АБ 


Figure 4-1a. Full Address Mode Figure 4-1b. Normal Bus Mode 
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Table 4-4. Port C Control and Usage 


FULL ADDRESS 
MODE ИО MODE 
MCR7 - 0 MCR7 = 0 
MCR6 - 0 MCR6 = 1 
SIGNAL SIGNAL 
PIN PIN 
# МАМЕ МАМЕ ТУРЕ МАМЕ ТУРЕ 
(1) 
= ua 
54 PCO РСО МО (1) РСО Ше] 
55 РС1 РС1 WO (1) PC1 Џој 
56 РС2 РС2 VO (1) РС2 uo 
57 РСЗ РСЗ VO (1) РСЗ uo 
58 РС4 РСА VO (1) РС4 uo 
59 РС5 РС5 VO (1) РС5 Де] 
60 PC6 A13 OUTPUT (2) РС6 vO 
61 PC7 А14 OUTPUT (2) PC7 vO 
NOTES: 


1. Resistive Pull-Up, Active Buffer Pull-Down 
2. Active Buffer Pull-Up and Pull-Down 


Table 4-5. Port D Control and Usage 


NOTES: 


| 
ЏО MODES 
MCR7 = 0 MCR7 = 0 
MCR6E = X MCR6 = X 
МСР5 = 0 MCRS = 1 
SIGNAL SIGNAL 
TYPE TYPE 
(1) МАМЕ (2) 


РОО OUTPUT 
PD1 OUTPUT 


PD2 OUTPUT 
РОЗ OUTPUT 
PD4 OUTPUT 
PD5 OUTPUT 
PD6 OUTPUT 
PD7 OUTPUT 


1. Tri-State Buffer is in High Impedance Mode 
2. Tri-State Buffer is in Active Mode 
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SECTION 5 
SERIAL INPUT/OUTPUT CHANNEL 


The device provides a full duplex Serial I/O channel with pro- 
grammable bit rates and operating modes. The serial I/O 
functions are controlled by the Serial Communication Control 
Register (SCCR). The SCCR bit assignment is shown in 
Figure 5-1. The serial bit rate is determined by Counter A for 
all modes except the Receiver Shift Register (RCVR S/R) 
mode for which an external shift clock must be provided. The 
maximum data rate using the internal clock is 62.5K bits per 
second (at 02 = 1 MHZ). The transmitter (ХМТА) and receiver 
(RCVR) can be independently programmed to operate in 
different modes and can be independently enabled or 
disabled. 


Addr 0015 


0--Odd Parity 
1-- Even Рау 
0 Parity Disabie 

1 Parity Enable 
0—8 Bits/Char 

1—7 Bits/Char 

0— 6 Bits/Char 

1~ 5 Bits/Char 

0 0 XMTR & RCVR ASYN Mode 

0 1 ХМТА ASYN, RCVR S/R 

1 X XMTR S/R, RCVR ASYN 

0 RCVR Disable 

1 RCVR Enable 

0 XMTR Disable 

1 XMTR Enable 


Figure 5-1. Serial Communication Control Register 


Except for the Receiver Shift Register Mode (RCVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled in a 
mode requiring an internal clock. 


Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial ИО Port. Refer to Counter A (paragraph 
6.1) for a table of hexadecimal values to represent the desired 
data rate. 


5.1 TRANSMITTER OPERATION (XTMR) 


The XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown in Figure 5-2. When parity is 
disabled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 
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ASYNCHRONOUS MODE WITHOUT PAAITY 


= = 
ЕЕЕ СВІТ DATA = [ мог | TOP 


pm T-BiT ОАТА 1 8TOP 
Em SBIT DATA | a STOP ] 
pm ВІТ DATA 2.STOP 
ASYNCHRONOUS MODE WITH PARITY 
я Е 
START SBI DATA _ PARITY ЕЛ 
mm 7.ВІТ DATA = рату] _ 2370Р 
у mi B (БЕ m 
LSTART ҮНІТ-РАТА = PARITY 
1 5-BIT DATA = | 1 | 28Т0Р 
START i PARITY 
SHIFT REGISTER MODE В-ВІТ DATA 
м. | WORD M | „оно м + 1 
SHIFT REGISTER CLOCK IP4.4j 
m | E ER Г] 
E | | LJ | | | | i 1 T LJ [| | ] | 


Figure 5-2. SIO Data Modes 


In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. 


The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCSR5, SCSR6 and 
SCSR7. 


IFR7 = SCSR6 (52585 + SCSR7) 


5.2 RECEIVER OPERATION (RCVR) 


The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1." In the ASYN mode, 
data format must have a start bit, the appropriate number of 
data bits, a parity bit (if enabled), and one stop bit. Refer to 
paragraph 5.1 for a diagram of bit allocations. The receiver 
bit period is divided into 8 sub-intervals for internal synchro- 
nization. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
of each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-half the bit time after а 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits. Any of the 
above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1. 
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Stat ВИ LSB Stop Bit Stop ВК 


“бөлігі Input Data Shifted In 
Figure 5-3. ASYN Receive Data Timing 


In the S/R mode, an external shift clock must be provided at 
СА (PA4) pin along with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 
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External Benin 


* Serial Input Data Shifted In 
~" Seria! Output Data Makes Transition 


Figure 5-4. S/R Mode Timing 


А RCVR interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 


5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 


The Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 


SCSR 0: Receiver Data Register Full —Set to a logic 1 when 
а character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cleared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR 6 = 0. The SCSR 
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received data has a parity error. This bit is cleared 
by reading the Receiver Data Register or by RES. 

SCSR 3: Framing Error — Set to a logic 1 when the received 
data contains a zero bit after the last data or parity 
bit in the stop bit siot. Cleared by reading the 
Receiver Data Register or by RES (ASYN Mode 
only). 

SCSR 4: Wake-Up— Set to a logic 1 by writing a "1" in bit 
4 of address: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 1’5. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 

SCSR 5: End of Transmission —Set to a logic 1 by writing 
a "1" in bit position 5 of address: 0016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of- Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 


SCSR 6: Transmitter Data Register Empty —Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister are transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 

SCSR 7: Transmitter Under-Run—Set to a logic 1 when the 
last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data Register Empty Bit is set. Cleared by 
a transfer of new data into the Transmitter Shift 
Register or by RES. 


RCVR Data 
Reg Fuii 


RCVR Over-Run 
Parity Error 
Frame Error 


Wake-Up 


< End of Transmission 


- XMTR Data Reg Empty 


— XMTR Under-Run 
Figure 5-5. SCSR Bit Allocations 


5.4 WAKE-UP FEATURE 


0 bit will not be set to a logic 1 if the received data 
contains an error condition; instead, a corre- 
sponding error bit will be set to a logic 1. 


In a multi-distributed microprocessor or microcomputer appli- 
ations, a destination address is usually included at the begin- 
ning of the message. The Wake-Up Feature allows non-selected 
CPU's to ignore the remainder of the message until the begin- 
ning of the next message by setting the Wake-Up bit. As long 
as the Wake-Up flag is true, the Receiver Data Register Full Flag 
remains false. The Wake-Up bit is automatically cleared when 
the receiver detects a string of eleven consecutive 1's which indi- 
cates an idle transmit line. When the next byte is received, the 
Receiver Data Register Full Flag signals the CPU to wake-up 
and read the received data. 


SCSR 1: Over-Run Error —Set to a logic 1 when a new char- 
acter is transferred from the Receiver Shift Reg- 
ister with the last character still in the Receiver 
Data Register. This bit is cleared by reading the 
Receiver Data Register or by RES. 


SCSR 2: Рату Error —Set to logic 1 when the RCVR is in 
the ASYN Mode, Parity Enable bit is set, and the 
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SECTION 6 
COUNTER/TIMERS 


The device contains two 16-bit counters (Counter A and 
Counter В) and three 16-bit latches associated with the 
counters. Counter A has one 16-bit latch and Counter B has 
two 16-bit latches. Each counter can be independently pro- 
grammed to operate in one of four modes: 


Counter A Counter В 


• Pulse width 
measurement 

e Pulse Generation 

e interval Timer 

e Event Counter 


e Retriggerable Interval Counter 

e Asymmetrical Pulse 
Generation 

e Interval Timer 

e Event Counter 


Operating modes of Counter A and Counter B are controlled 
by the Mode Control Register. А! counting begins at the 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PAS is automatically selected for 
Counter B (see Table 4.2). 


6.1 COUNTER A 


Counter A consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter А (LCA), Upper Counter 
А (ОСА), Lower Latch А (ША), and Upper Latch A (ULA). 
The counter contains the count of either 02 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001A or location 0018 for the Lower Counter A. 
A read at location 0018 aiso clears the Counter A Underfiow 
Над (ІЕН4). 


The 16-bit latch contains the counter initialization value and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 


Counter A can be started at any time by writing to address: 
001A. The contents of the accumulator will be copied into the 


e n ped qp ГТ РЕ 


COUNTER UNDERFLOW 


2 1 | о | w, iy Го LL) 31 | 


COUNTER INTERRUPT ENABLED 
SET ANY TIME BEFORE 


COUNTER CN т И сиу 


COUNTER UNDERFLOW FLAG 


та juni 


o 


Figure 6-1. Interval Timer Timing Diagram 
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Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch 
value—not FFFF—and the Counter A Underflow Flag (IFR 
4) will be set to "1". This bit may be cleared by reading the 
Lower Counter A at location 0018, by writing to address lo- 
cation 001A, or by RES. 


Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. 


MCR1 MCRO 

(bit 1) (bit 0) Mode 
9 0 Interval Timer 
9 1 Pulse Generation 
1 0 Event Counter 
1 1 


Pulse Width Measurement 


The Intervai Tirner, Pulse Generation, and Pulse Width Mea- 
surement Modes are 62 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 


The Counter is set to the interval Timer Mode (00) when a 
RES signal is generated. 


6.1.1 Interval Timer 


in the interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 


1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 


2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001A, 
the Couriter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 


The Counter vaiue is decremented by one count at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore 15 to 65535 
ms at the 1 MHz 62 clock rate or 0.5 us tc 32.767 ms at the 
2 MHz $2 clock rate. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter ІНС interrupt routine. 


When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic 1. If the Counter A Interrupt 
Enable Bit (IER4) is also set, an [RQ interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register can be examined in the IRQ irterrupt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as а PA /О bit. 


A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1. 


6.1.2 Pulse Generation Mode 


іп the Pulse Generation mode, the CA line operates as а 
Counter Output. The line toggles from iow to high or from 
high to low whenever a Counter A Underflow occurs or a 
write is performed to address 001A. 


The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to 001A. 


Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 


A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 


6.1.3 Event Counter Mode 


In this mode the СА is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the $2 clock rate. 


The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 


Figure 6.2 is a timing diagram of the Event Counter Mode. 
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Figure 6-2. Event Counter Mode 


6.1.4 Pulse Width Measurement Mode 


This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at ће (2 clock rate as long as the СА line is held in 
the low state. The Counter is stopped when CA is in the high 
state. 
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The Counter A underflow flag wili be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on СА, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 


A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3. 
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Figure 6-3. Pulse Width Measurement 


6.1.5 Serial І/О Data Rate Generation 


Counter A also provides clock timing for the Serial ГО which 
establishes the data rate for the Serial /О port. When the 
Serial /О is enabled, Counter A is forced to operate at the 
internal clock rate. Counter А is not required for the RCVR 
S/R mode. The Counter І/О (РА4) may also be required to 
support the Serial О (see Table 4-2). 


Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a 02 clock rate of 1 MHz 
and 2 MHz. Although Table 6-1 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: 


62 


N = —— - 
16 x bps 


= 
| 


= decimal value to be loaded into Counter A using 
its hexadecimal equivaient. 

= the clock frequency (1 MHz or 2 MHz) 

= the desired data rate. 


= 
ғо 
| 


о 

о 

Ф 
| 


МОТЕ 


In Table 6-1 you will notice that the standard data rate 
and the actual data rate may be slightly different. 


Transmitter and receiver errors of 1.5% or less are 
acceptable. A revised clock rate is included in Table 
6-1 for those baud rates which fall outside this limit. 
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Table 6-1. Counter A Values for Baud Rate Selection 
CLOCK RATE 

03 NEEDED 

ACTUAL TO GET 

HEXADECIMAL BAUD STANDARD 
STANDARD] VALUE RATE AT | BAUD RATE | 
RATE 1 MHz 2MHz| 1 MHz 2MHz |1 MHz 2 MHz 
pt [em] 
50 O4E1  09C3 50.00 50.00 1.0000 2.0000 
75 0340 0682 75.03 174.99 1.0000 2.0000 
110 0237 046Ғ 110.04 110.04|1.0000 2.0000 
150 01A0 0340 149.88 150.06 |1.0000 2.0000 
300 OOCF  01A0 | 300.48 299.76 | 1.0000 2.0000 
600 0067 00СҒ| 600.96 600.96 | 1.0000 2.0000 
1200 0033 0067 | 1201.92 1201.92 | 1.0000 2.0000 
2400 0019 0033 | 2403.85 2403.85 | 1.0000 2.0000 
3600 0010 0021! 3676.47 3676.47 |0.9792 1.9584 
4800 0006 0019 | 4807.69 4807.69 1.0000 2.0000 
7200 0008 0010 | 6944.44 7352.94 | 1.0368 1.9584 
9600 0006 000С | 8928.57 9615.38 | 1.0752 2.0000 


6.2 COUNTER В 


Counter В consists of a 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latch C (ULC). Latch C is used 
only in the asymmetrical pulse generation тосе. The counter 
contains the count of either бо clock pulses or external 
events depending on the counter mode selected. The con- 
tents of Counter B may be read any time by executing a Read 
at location 001D for the Upper Counter B and at location 
001E ог 001C for the Lower Counter В. A Read at location 
001C also clears the Counter B Underflow Flag. 


Latch B contains the counter initialization value and can be 
loaded at any time by executing a Write to the Upper Latch 
B at location 001D and the Lower Latch B at location 001C. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 


Counter B can be initialized at any time by writing to address: 
001E. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 16-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Undertlow Flag bit (IFR5) will be set 
to a "1" whenever Counter B underflows by decrementing 
from 0000. 


IFR 5 may be cleared by reading the Lower Counter B at 
location 001C, by writing to address location 001Е, or by 
RES. 


Counter B operates in the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. Mode Control 
Register bits MCR2 and МСВЗ select the four Counter B 
modes in a similar manner and coding as MCRO and MCR1 
select the modes of Counter A. 
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6.2.1 Retriggerable Interval Timer Mode 
When operating in the Retriggerable Interval Timer mode, 


Counter Bis initialized to the latch value by writing to address 
001E, by a Counter Bunderflow, or whenever a positive edge 
Occurs on the CB pin (РА5). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illustrates the operation. 
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Figure 6-4. Counter B Retrlggerable Interval Timer Mode 


6.2.2 Asymmetrical Pulse Generation Mode 


Counter B has a special Asymmetrical Pulse Generation 
Mode whereby a pulse train with programmable pulse width 
and period can be generated without the processor interven- 
tion once the latch values are initialized. 


in this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as D in the following descriptions). The 16-bit Latch C is 
initialized with a value corresponding to the desired pulse 
width (referred to as P in the following descriptions). The 
initialization sequence for Latch B and C and the starting of 
a counting sequence are as follows: 


1. The lower 8 bits of P are loaded into LLB by writing to 
address 001C; the upper 8 bits of P are loaded into 
ULB and the full 16 bits are transferred to Latch C by 
writing to address location 0010. At this point both 
Latch B and Latch C contain the value of P. 


2. The lower 8 bits of D are loaded into LLB by writing to 
address 001C; the upper 8 bits of D are loaded into 
ULB by writing to address location 001Е. Writing to 
address location 001Е also causes the contents of the 
16-bit Latch B to be downloaded into the Counter B 
and the CB output to go low as shown in Figure 6-5. 


3. When Counter B underflow occurs the contents of the 
Latch C are loaded into the Counter B and the CB out- 
put toggles to a high level, staying high until another 
underflow occurs. Latch B is then dawn-loaded and the 
CB output toggles to a low level repeating the whole 
process. 
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SECTION 7 
POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER ON TIMING 


After application of Vcc and Van power to the device, RES 
must be held low for at least eight fe Clock cycles after Vcc 
reaches operating range and the internal oscillator has sta- 
bilized. This stabilization time is dependent upon the input 
Усс voltage and performance of the internal oscillator. The 
Clock can be monitored at $2 (pin 3). Figure 7-1 illustrates 
the power turn-on waveforms. Clock stabilization time is typ- 
ically 20 ms. 
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Figure 7-1. 


7.2 POWER-ON RESET 


When RES goes from low to high, the device sets the In- 
terrupt Mask Bit—bit 2 of the Processor Status Register— 
and initiates a reset vector fetch at address FFFC and FFFD 
to begin user program execution. All of the I/O ports (PA, PB, 
PC, PD) will be forced to the high (logic 1) state. All bits of 
the Control Register will be cleared to logic 0 causing the 
Interval Timers counter mode (mode 00) to be selected and 
all interrupt enabled bits to be reset. 
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Figure 6-5. Counter B Pulse Generatlon 


7.3 RESET (RES) CONDITIONING 


When RES is driven from low to high the device is put in a 
reset state causing the registers and I/O ports to be config- 
ured as shown in Table 7-1. 


Table 7-1. RES Initlalization of i/O Ports and Registers 


7.6 54 32 10 


REGISTERS 
Processor Status 
Mode Control (MCR) 0 0 
Int. Enable (IER) 0 0 
Int. Flag (IFR) 0 0 

оо 
0 1 


Ser. Com. Control (SCCR) 
Ser. Com. Status (SCSR) 


PORTS 
PA Latch 
PB Latch 
PC Latch 
PD Latch 


ооооо ~ 


AA 
- а ~ 
-———— 
- es 
- а ai 
на 
Ч 
- э ша ык 


All RAM and other CPU registers will initialize п a random, 
non-repeatable data pattern. 


7.4 INITIALIZATION 


Any initialization process for the device should include a 
RES, as indicated in the preceeding paragraphs. After sta- 
bilization of the internal clock (if a power on situation) an 
initialization routine should be executed to perform (as a 
minimum) the following functions: 


. The Stack Pointer should be set 

. Clear or Set Decimal Mode 

. Set or Clear Carry Flag 

. Set up Mode Controls as required 
. Clear Interrupts 


љпоћ= 


A typical initialization subroutine could be as follows: 


LDX Load stack pointer starting address into 
X Register 
TXS Transfer X Register value to Stack Pointer 
CLD Clear Decimal Mode 
SEC Set Carry Flag 
Ped Set-up Mode Control and 
Special function registers 
Peg and clear RAM as required 
CLI Clear Interrupts 
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APPENDIX A 
ENHANCED R6502 INSTRUCTION SET 


This appendix contains a summary of the Enhanced R6502 
instruction set. For detailed information, consult the R6502 
Microcomputer System Programming Manual, Document 
29650 N30. The four instructions notated with а * are added 
instructions to enhance the standard 6502 instruction set. 


A.1 INSTRUCTION SET IN ALPHABETIC 


SEQUENCE 
ADC Аяа Memory to Accumulator with Carry LDA Load Accumulator with Memory 
AND "AND" Memory with Accumulator LDX Load Index X with Меглогу 
ASL Shift Left One Bit (Memory or Accumulator) LDY Load Index Y with Memory 
LSR Shift One Bit Right (Memory or 
* BBR Branch on Bit Reset Relative Accumulator) 
*ВВ$ Branch on Bit Set Relative 
BCC Branch on Carry Clear NOP Мо Operation 
BCS Branch on Carry Set 
BEQ Branch on Result Zero ORA "OR" Memory with Accumulator 
BIT Test Bits in Memory with Accumulator 
BMI Branch on Result Minus PHA Push Accumulator on Stack 
BNE Branch on Result not Zero PHP Push Processor Status on Stack 
BPL Branch on Result Pius PLA Pull Accumulator from Stack 
BRK Force Break PLP Pull Processor Status from Stack 
BVC Branch on Overflow Clear 
BVS Branch on Overflow Set *RMB Reset Memory Bit 
ROL Rotate One Bit Left (Memory or 
CLC Clear Carry Flag Accumulator) 
CLD Ciear Decimal Mode ROR Rotate One Bit Right (Memory or 
CLI Clear Interrupt Disable Bit Accumulator} 
CLV Clear Overflow Flag RTI Return from Interrupt 
CMP Compare Memory and Accumulator RTS Return from Subroutine 
CPX Compare Memory and Index X 
CPY Compare Memory and index Y SBC Subtract Memory from Accumulator with 
Borrow 
DEC Decrement Memory by One SEC Set Carry Flag 
DEX Decrement Index X by One SED Set Decimal Mode 
DEY Decrement Index Y by One ЗЕ! Set Interrupt Disable Status 
“SMB Set Memory Bit 
EOR "Ехсішвіуе-Ог” Memory with STA Store Accumulator in Memory 
Accumulator STX Store Index X in Memory 
STY Store Index Y in Memory 
INC Increment Memory by One 
INX Increment Index X by One TAX Transfer Accumulator to index X 
INY Increment Index Y by One TAY Transfer Accumulator to Index Y 
TSX Transfer Stack Pointer to Index X 
JMP Jump to New Location TXA Transfer Index X to Accumulator 
JSR Jump to New Location Saving Return TXS Transfer Index X to Stack Register 
Address TYA Transfer Index У to Accumulator 
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A.3 INSTRUCTION CODE MATRIX 


0 
ВАК — ОР Code 
0 | Implied | —Addressing Mode 
1 7 | —Instruction Bytes; Machine Cycles 
9 tee 0 1 2 3 4 5 6 7 8 9 А B с D E F 
————— — mr -т- = — 
= BRK ORA ORA ASL RMBO PHP ORA ASL ORA ASL BBRO 
0 | Implied | (IND, X) 2Р 2Р 2Р Implied | ІММ | Accum АВ5 ABS 2Р 9 
Ала алан B | PRR ё 9 13 22 12| | 12224 270-059 
BPL ORA ORA ASL АМВ1 Сс ОВА ОВА ASL BBR1 
1 | Relative | (IND), Y 2Р,Х | ZP,X 2Р Implied | ABS, У ABS, X | ABE, X 2Р 1 
20125 24 26 25 12 34 з 4 3713 5" 
| Я; Mi J. 4 | x 
| JSR AND BIT AND ROL RMB2 PLP AND ROL BIT AND ROL BBR2 
2 | Absolute] (IND, X) 2Р 2Р 2Р 2Р implied | ІММ Ассит ABS ABS AES 2Р 2 
36 26 23 23 25 2.5 14 22 12 34 34 36 3 5" 
BMI AND AND RDL RMB3 SEC AND AND ROL BBR3 
3 | Relative | (IND, Y) 2Р,Х | 2Р,Х 2Р Implied | ABS, У ABS, X | ABS, X 2Р 3 
22712 5 24 26 25 12 3 4* 3 4 37135“ 
- - p + == - + re ns + — T Ее SSS eee 
Рт ЕОВ EOR LSR RMB4 PHA EOR LSR УМР EOR LSR BBR4 
4 | Implied | (IND, X) ZP 2Р 2Р Implied | ІММ Ассит АВ5 АВ5 АВ5 2Р 4 
ју 80.2 $ | | _| STIS сар 511 3 22 12 33 34 280 3 5" 
BVC EOR EOR LSR АМВ5 си EOR EOR LSR ВВЯ5 
5 | Relative | (IND), Y ZP, X ZP.X ZP Implied | ABS, Y ABS, X | ABS, X 2Р 5 
|2 2 25 = EN 24 26 25 12 3 4 Мыс 34 37135 
ATS ADC ADC ROR | RMB6 PLA ADC ROR JMP ADC ROR | BBR6 
6 | Implied | (IND, X) 2Р 2Р 2Р Implied | IMM | Accum Indirect) ABS ABS гР в 
16 26 23 25 25 14 22 12 35 34 зв |3 5" 
| —+ 4—0] 
BVS ADC BE ADC ROR RMB7 SEI ADC ADC ROR ВВА7 
7 | Relative | (IND, Y) 2Р,Х | 2Р,Х 2Р Implied | ABS, У ABS, X | ABS, X гР 7 
29125 24 26 25 12 3 4* 34 3713 5" 
---- ———+ Дт 
STA STY STA STX SMBO | DEY TXA STY STA STK BBSO 
8 (IND, X) zP ZP 2Р 2Р Implied Implied ABS ABS ABS гР 8 
L 26 dm. _| 2 o 23 23 25 12 12 34 34 34 35 
BCC STA STY STA STX SMB1 TYA STA TXS STA BBSi 
9 | Relative | (IND, Y) ZP,X | ZP,X | ZP,Y 2Р Implied | ABS, У | Implied ABS, X 2Р 9 
2 2" 26 24 24 24 25 12 :35 12 35 3: 57 
H 4 — -— +{—— —L—M—À 
LDY LDA LDX LDY LDA LDX SMB2 TAY LDA TAX LDY LDA LDX BBS2 
A мм | (IND, X) | IMM 2Р ФР 2Р 2Р Implied IMM | Implied ABS ABS ABS 2Р А 
22 26 22 23 23 (ze. 3 25 12 22 12 34 34 3413 5" 
p --- ------ 
ВС5 LDA LDY LDA LDX Г змвз см LDA TSX | LDY LDA LDX BBS3 
В | Relative; (IND), Y 2Р,Х | ZP,X | ZP. Y ЕР Implied | ABS, У | Implied ABS, X| ABS, X | ABS, Y 2Р В 
22125 24 24 24 2 5 12 3 4* 12 34 3 4 34 83 5“ 
-- — - LL о —— 
СРУ СМР СРУ “CMP DEC SMB4 INY CMP DEX CPY CMP DEC BBS4 
с IMM | (IND, X) 2Р ЁР 2Р 2Р Implied | IMM — implied ABS ABS ABS ЕР с 
See (Ө: i 23123 сазы таны кше 3:4 5904 Зав 39 
ВМЕ СМР СМР DEC SMB5 CLD CMP CMP DEC BBS5 
D | Relative | (IND), Y ZP,X | 2Р,Х 2Р Implied | ABS, У ABS, X | ABS, X 2Р D 
22°) 2 5 24 26 25 12 з 4" 3 4* 37 |3 5" 
и — a + — 
CPX SBC CPX SBC INC SMB6 INX SBC NOP CPX SBC INC BBS6 
E мм (IND, X) ЕР 2Р 2Р 2Р Implied IMM  |Implied ABS ABS ABS ФР Е 
22 26 23 23 25 2 5 12 22 12 34 34 38135" 
A ге. —+ REN 1------ 
ВЕС SBC z SBC INC SMB7 | SED SBC SBC INC BBS7 
F | Relative | (IND), Y | 2Р,Х | ZP.X 2Р Implied | ABS, У ABS, X | ABS, X 2Р Е 
н * * RUM Е .. 
22 2 5 PER 24 26 25 12 3 4 34,37 ' |3 5") 
0 1 2 3 4 5 6 7 8 9 A B с D E F 


*Add 1 to N if page boundary is crossed. 
"Add 1 to N if branch occurs to same раде; 
add 2 to N if branch occurs to different page. 
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APPENDIX B 
KEY REGISTER SUMMARY 


7 0 
Еа | лесумиатоя А 
7 0 
INDEX REGISTER Y Y 
7 0 
[__ ____| moex REGISTERA x x сАяя (©) © 
15 (à 0 
мн Ра ^ ]|PmocRaMcOUNTER РС {сапу и 
Б 5 0 = Carry Clear 
[= _______ stack Pointer 5 ај 


7 


9 
[v] [ Te T? T? 1219] PROCESSOR STATUS НЕС P 


1 = Zaro Result 
0 = Моп-2аго Rasult 


INTERRUPT DISABLE (1) С) 


CPU Registers 


1 - TRG Interrupt Disabled 
0 ЛАО Interrupt Enabled 


DECIMAL MODE (D) (1) 


1 = Decimal Mode 
0 = Binary Mode 


LLL — ———— BREAK COMMAND (8) O) 


1 = Break Command 
0 = Non Break Command 


OVERFLOW (0) (1) 


1-= Overtlow Set 
0 = Overflow Clear 


NEGATIVE (№ (1) 


NOTES 
9 Not initialized by RES. -1 = Negative Value 
MCR Addr 0014 Set to Logic 1 by RES 0 = Postive Value 
Counter A Processor Status Register 
Counter В Mode Select 
Mode Select 0 0 Interval Timar 
| 0 ——1 Pulse Generation 
| 1 —— 0 Event Counter IFR Addr 0011 
Bus Mode Select | i | 1 1 Pulse Width Meas. 
о 0 interval Timer 
| 0 — —1 Asymmetric Pulse Generation 
1 —— 0 Event Counter 
| 1 —— 1 Retriggerable Interval Timer IER Addr 0012 
Port B Latch 
(1—Enable) РАО Positive 
- Port D Tri-State Edge Detect 
(0-— Tri-State High Impedance Moda) PA! Positive 
0———0 Full Address Edge Detect 
0. 1 Normal РА2 Negative 
1—0 Not Used Edge Detect 
Мони РАЗ Negative 
^ Edge Detect 
Mode Control Register | Counter А 
Underfiow Fiag 
L Counter В 
Underfiow Fiag 
L. RcvR 
Fiag 
| XMTR 
Fiag 


Interrupt Enable and Flag Registers 


«ОТВЕТ 
a» С° немеге 
о~ода Рату 


у~Емеп Parity 
0 Parity Disable 
1 Parity Enable 
0—8 Bits/Char 
1—7 Bits/Char 
07-6 Bits/Char 


RCVR Oata 
Reg Full 


| L RCVR Over-Run 


L рату Error 


1~ 5 Bits/Char Frame Error 
0---0 XMTR А RCVR ASYN Mode 
0 —— 1 XMTR ASYN, RCVR S/R | Wake-Up 


| 1 —Х XMTR S/R, АСУР ASYN 


End of Transmission 
0 RCVR Disabie 


L 1 RCVR Enabie - ХМТЯ Data Reg Empty 
– 0 XMTR Disable 
1 XMTR Enable L XMTR Under-Run 
Serial Communications Control Register Serial Communications Status Register 
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APPENDIX C 
ADDRESS ASSIGNMENTS/MEMORY 
MAPS/PIN FUNCTIONS 


C.1 /О AND INTERNAL REGISTER ADDRESSES 


ADDRESS 

(HEX) READ WRITE 

001F —— —— 
1E Lower Counter B Upper Latch B, Cntr B—Latch B, CLR Flag 
1D Upper Counter B Upper Latch B, Latch C—Latch B 
1C Lower Counter B, CLR Flag Lower Latch B. 
1B —— —— 
1A Lower Counter А Upper Latch A, Cntr A—Latch A, CLR Flag 
19 Upper Counter A Upper Latch A 

(А 18 Lower Counter A, CLR Flag Lower Latch A 
17 Serial Receiver Data Register Serial Transmitter Data Register 
16 Serial Comm. Status Register Зена} Comm. Status Reg. Bits 4 8 5 only 
15 Serial Comm. Control Register Serial Comm. Control Register 
14 Mode Control Register Mode Control Register 
13 = = 
12 Interrupt Enable Register Interrupt Enable Register 
11 Interrupt Flag Register ---- 

0010 Неаа ҒҒ Clear Int Flag (Bits 0-3 only, Write O's only) 
OF — 
0E 
oD 
ос 
0B RESERVED 
0A 
09 These addresses are reserved and are used by the CPU during Read and Write 
08 operation over the external Data Bus (DO-D7). 

07 
06 
05 
04 = 
| 
03 Port D Port D 
02 Port C Port C 
01 Port B Port B 
0000 Port A Port A 
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C.2 FULL ADDRESS MODE 
MEMORY MAP 
R6501Q 


IRQ VECTOR 
RES VECTOR 
NMI VECTOR 


USER PROGRAM 


INTERNAL RAM (192) 


VO & REGISTERS 


INTERNAL 
REGISTERS 


VO PORTS А, В, С, О 


One-Chip Microprocessor 


C.4 MULTIPLE FUNCTION PIN ASSIGNMENTS 


—PORT C AND PORT D 


PIN | FULL ADDRESS ЏО PORT | 
NUMBER MODE FUNCTION 

54 PCO PCO 
55 РСТ PCI 
56 РС2 PC2 
57 PC3 PC3 
58 РСА РСА 
59 PCS PCS 
60 A13 PC6 
61 | A14 РС? 
62 PDO PDO 
63 PD PDI 
64 PD2 PD2 

1 PD3 PD3 _| 
2 PD4 PD4 
3 PD5 PDS 
4 PD6 PD6 
5 | PD7 PD? 

=: 
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APPENDIX D 
ELECTRICAL SPECIFICATIONS 


Maximum Ratings 


RATING | SYMBOL VALUE UNIT 
Supply Voltage Мес & Van -0.3 to +7.0 Vde 
input Voltage Vin -03 to +7.0 | Мас 
Operating Temperature Range, Commercial | Ою +70 °С 
Storage Temperature Range Teg | -55 to ~ 150 °С 


NOTE: This device contains circuitry to protect ће inputs against damage due to high static voltages; however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this circuit. 


D.C. Characteristics (Усс = 5V +5%; Van = Voc; Vss = 0; ТА = 0 to 70°C) 


CHARACTERISTIC SYMBOL MIN TYP MAX UNIT 
Power Dissipation (Outputs High) 1 
Commercial @ 0°С Ро — 750" 1100 mW 
L | 4 т 
RAM Standby Voltage (Retention Mode) E Van 3.0 — Мес Мас 
RAM Standby Current (Retention Моде) m | mAdc 
Commercial @ 25°С — 4 — 
Input High Voltage (Except ХТИ) Мн +2.0 — Vec Vdc 
= t t + 
Input High Voltage (XTLI) Ve +4.0 = | Veo Vdc 
| = + 
Input Low Уойаде Vi -03 == +08 | м 
Input Leakage Current (RES, NMI) Js +10.0 Айс 
Ма = 0 to 5.0 Мас 
ыш 4 
Input Low Current PA, PB, PC, PD ір; — -10 | -1.6 тАас 
(V. = 0.4 Мас) 
| -- ----- - —— 
Output High Voltage (Except ХТЕО) Мон +2.4 - Vec Vdc 
(іше = -100 Айс) 
= 4 =| 
Output Low Voitage Vo. — — +0.4 | Мас 
(lia = 1.6 mAdc) | 
н- + + 
Input Capacitance с, pF 
(Vi, —0, Т, = 26°C, f = 1.0 MHz) 
XTLI, XTLO — — 50 
All Others == - 10 | 
ИО Port Pull-Up Resistance 
РАО- Ж Š . } i 
АО-РА7, РВО-РВ7, РСО-РС7 | А _| 3.0 | 5.0 ІНЕ 11.5 |. ко | 
Output Leakage Current 
Tri-State //O's while іп бит - - 510 uAde 
High impedance State d | | | | 
Output Capacitance 
Tri-State O's while in Cae КЕ = 10 pF 
High Impedance State 
Vin = OV, TA = 25°C, f = 1.0 MHz 
— 


NOTE: Negative sign indicates outward current flow, positive indicates inward flow. 
(1) at 25°С 
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E.1 GENERAL NOTES 


APPENDIX Е' 
TIMING REQUIREMENTS AND CHARACTERISTICS 


E.2 CLOCK TIMING 


1. Vec = 5V +5%, 0°C = ТА < 70°C 


2. A valid Усс - RES sequence is required before proper 


operation is achieved. 


3. All timing reference levels are 0.8V and 2.0V, unless 


otherwise specified. 


4. All те units are nanoseconds, uniess otherwise specified. 


5. All capacitive loading is 130pf maximum, except as noted 


below: 


PA, PB 

PC (І/О Modes Оту) 

PC (ABB and Mux Mode) 
PC6, РС? (Full Address Mode) 


Бор! maximum 
50pf maximum 
130pf maximum 
130pf maximum 


SYMBOL 


PARAMETER 


Cycle Time 


XTLI Input Clock 
Pulse Width 


XTLO - VSS 


Output Clock Pulse 
Width at Minimum 


Tevc 


Output Clock Rise, 
Fall Time 


Input Clock Ríse, 
Fall Time 


XTLI 
(XTLO = Vss) Tewxi 

һ|Я----- Тыс ————————ÀE 
82 
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Е.З ИО, EDGE DETECT, COUNTERS, AND SERIAL I/O TIMING 


2 MHz 
SYMBOL PARAMETER 
MIN Е 


Internal Write to Peripheral Data Valid 
PA, PB, PC TTL E 500 
PA, PB, PC CMOS 1000 

150 


Peripheral Data Setup Time 
PA, PB, PC 
PD 

Peripheral Data Hold Time 


PA, PB, PC 
PD 


Counters А and B 


РАД, PAS Input Pulse Width 
РА4, РАБ Output Delay 


Port B Latch Mode 


PAO Strobe Pulse Width 
PB Data Setup Time 
PB Data Hold Time 


Serial 1/0 


PA6 XMTR TTL 

PA6 XMTR CMOS 

PA4 RCVR S/R Clock Width 

РА4 XMTR Clock—S/R Mode (TTL) 
РА4 XMTR Clock—S/R Mode (CMOS) 


NOTE 1: Maximum Load Capacitance: 50рЕ 
Passive Pull-Up Required 


E.3.1 ИО, Edge Detect, Counter, and Serial I/O Timing 


E Tove » 
22 М Д ЏЕЈ / 1.5% 
indc Nuit sure 
TPOSU 
=> 
РАО-РАТ ETENIM te 
РВО-РВ7 
РСО-РС? 
РО0-Р0? Ж 5:6 
ТРНЯ 
Edge Detects zd 
(PAD-PA3) 
| ТЕРМ 
CNTR ву E 15V. 
РА4, PAS r 
а — | 
TCPw "= TCPW ой 
и 
СЕЛИ а пина СА ај TCO 
CNTA 24: тет. 
(РА PAS) 
————— ———— 
+ ҮТ] 
Tooow 
РО0-РО? 
а —> 
TCM 
ni 3 05 
Ее POW VOD—30°.. 
РАО-РАТ = 24v E 
PCO-PC7 
РВО-РВ? 
ELO eee Fe» i 
PB 
(LATCH MODE) 


Ж” 45V 


а Tos; -- | Тәнім >| Ты 


pag —~STROBE 
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E.4 MICROPROCESSOR TIMING (00-07, 
А0-А12, A15, SYNC, R/W) 


SYMBOL PARAMETER 
Taws R/W Setup Time 
Taos А0-А12, A15 Setup 
Time 
L 
Tosu 00-07 Data Setup Time | E | 35 | — | 
|Т 00-07 Read Hold Time | о | — | 10 | — | 
Та _ | 00-07 Write Hold Time | 30| — | 30 | — | 
Tuo 00-07 Write Output — | 175 | — | 130 
Оејау 
L. 4 
ТІ; SYNC Setup — | 225 | — | 175 
Ta A0-A12, A15 Hold Time | 30| — | 30 | — 
ІШ 1 
Тиям R/W Hold Time 30 — 30 - 
Те External Memory Access | — | Тс — | Tace 
Time Tace = Tcyc— T — 
Taos—Tosu | 
Гы SYNC Hold Time +301 — | 30 | — 


E.4.1 Microprocessor Timing Diagram 


READ WRITE 


al TRWS 


TDSU —— -- ТМ05 |= 


rire BS E 


——-| |«--- THR THW -- 


TSYH — |--— TSYH 


“------->! TSYN 
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R6500 Microcomputer System 


R6500/1 


SECTION 1 
INTRODUCTION 


The Rockwell R6500/1 microcomputer is a complete 8-bit 
computer fabricated on a single chip using an N-channel sil- 
icon gate MOS process. The R6500/1 complements an 
established and growing line of R6500 products and has a 
wide range of microcomputer applications. 


The R6500/1 consists of an R6502 Central Processing Unit 
(CPU), 2048 bytes of Read Only Memory (ROM), 64 bytes of 
Random Access Memory (RAM) and interface circuitry for pe- 
ripheral devices. 


The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplic- 
ity, results in system cost-effectiveness and a wide range of 
computational power. These features make the R6500/1 a 
leading candidate for microcomputer applications. 


To facilitate system and program development for the 
R6500/1, Rockwell has developed an R6500/1E Emulator 
part. A description of the R6500/1E is contained in Appen- 
dix D. 


This product description is for the reader familiar with the 
R6502 CPU hardware and programming capabilities. A 
detailed description of the R6502 CPU hardware is included 
in the R6500 Microcomputer System Hardware Manual 
(Document Number 29650N31). A description of the instruc- 
tion capabilities of the R6502 CPU is contained in the 
R6500 Microcomputer System Programming Manual (Docu- 
ment Number 29650N30). 


Document No. 29650N48 


FEATURES 


Single-chip microcomputer 
R6502 software compatible 
Eight-bit parallel processing 
Decimal or binary arithmetic 
Variable length stack 
True indexing capability 
Thirteen addressing modes 
1 or 2 MHz clock operation, with the fcllowing options: 
— External single clock input 
— RC time base input 
— Orystal time base input 
ө Single + 5V power supply 
* 500 mw operating power 
* Separate power pin for RAM with standby power only 1096 of 
operating power 
2K x 8 ROM on chip 
64 x 8 RAM on chip 
40-pir: dual in-line package 
64-pin Emulator part available, with 40 signals identical to 
production part 
* Pipeline architecture 
ө 32 bidirectional TTL compatible ИО lines 
— 1 positive edge sensitive МО line 
— 1 negative edge sensitive I/O line 
* 1 bidirectional TTL compatible counter /О line 
® 16-bit timer/counter 
* Four timer/counter modes 
—- Internal timer 
— Pulse generator 
— Event counter 
— Pulse width measurement 
Three maskable interrupts 
— 1 counter overflow 
— 2 l/O edge detect 
NMI and Reset interrupts 


Product Description Order No. 212 
June 1979 
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SECTION 2 
R6500/1 INTERFACE REQUIREMENTS 


This section describes the interface requirements for the configuration and Table 2-1 describes the function of each 
R6500/1 -single chip microcomputer. Figure 2-1 is the Inter- ріп of the R6500/1. 
face Diagram for the R6500/1. Figure 2-2 shows the pin out 


LOCK EDGE 
OSCILLATOR] | DETECT 
INTERRUPT 
LOGIC PORT A 87:> РАО-РА? 
> оне? 


1 
2 
3 
4 
5 
6 
7 
8 


64 Х8 
> "сере? 
2048Х8 
CONTROL COUNTER/ 
REGISTER LATCH 


Figure 2-1. R6500/1 interface Diagram Figure 2-2. R6500/1 Pin Out Designation 


Tabie 2-1. R6500/1 Pin Description 


Main power supply + 5V 


Separate power pin for RAM. In the event that VCC power is lost, this power retains 
RAM data. 


Signal and power ground (ОУ) 


Crystal, clock or RC network input for internal clock oscillator. 
Crystal or RC network output from internal clock oscillator. 


The Reset input is used to initialize the R6500/1. The signal must not transition from low 
to high for at least eight cycles after VCC reaches operating range and the internal oscil- 
lator has stabilized (see section 5). 


+ 10V input enables the test mode. 


NMI A negative going edge on the Non-Maskable Interrupt signal requests that a non- 


maskable interrupt be generated within the CPU. 
РАО-РА7 


Four 8-bit ports used for either input/output. Each line consists of an active transistor to 


PBO-PB7 VSS and an optional passive pull-up to VCC. The two lower bits of the PA port 
РСО-РС7 (РАО-РА1) also serve as edge detect inputs with maskable interrupts. 
PDO-PD7 


CNTR This line is used as a Counter input/output line. CNTR is an input in the Event Counter 
and Pulse Width Measurement modes and is an output in the Interval Timer and Pulse 
Generator modes. It consists of an active transistor to VSS and an optional passive 


pull-up to VCC. 
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SECTION 3 
SYSTEM ARCHITECTURE 


This section provides a functional description of the R6500/1. 
A block diagram of the R6500/1 is presented in Figure 3-1. 


3.1 INDEX REGISTERS 


There are two 8-bit index registers, X and Y. Each index 
register can be used as a base to modify the address data 
program counter and thus obtain a new address — the sum 
of the program counter contents and the and the index reg- 
ister contents. 


When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address, 
and modifies the address from memory by adding the index 
register to it prior to loading or storing the value of memory. 


Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 


3.2 STACK POINTER 


The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack manipulation in response to 


) 


PROGRAM PROGRAM 
COUNTER COUNTER 
HIGH (PCH) | Low (PCL) 


NA 


"о 
ADDRESS 
DECODE 


РО0-РО7 PCO-PC7 PAD-PA7 


Di 


M 


CNTR 


either user instructions or the interrupt lines NMI and IRQ. 
The Stack Pointer must be initialized by the user program. 


The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many 
types of data manipulation. The JSR, BRK, RTI and RTS 
instructions use the stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 
location is stored (or “pushed”) onto the stack. Each time 
data аге to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the mem- 
ory location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack F'ointer is incremented 
by 1. The Stack Pointer is then placec оп the Address Виз, 
and data are read from the memory location addressed by 
the Pointer. 


3.3 ARITHMETIC AND LOGIC UNIT (ALU) 


All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 


BU: 


ARITHMETIC 
& LOGIC 
UNIT (ALU) 


STACK 
POINTER 


INDEX 
REGISTER 
x 


INDEX 
REGISTER 
Y 


PROCESSOR 
STATUS 
(Р) 

ма 


INTERRUPT 
LOGIC 


XTLO 


XTLI 


Figure 3-1. R6500/1 Biock Diagram 
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(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always 
gated into one of the storage registers or to external mem- 
ory during the next cycle. 


Each bit of the ALU has two inputs. These inputs can be 
tied to various internal buses or to a logic zero; the ALU 
then generates the function (AND, OR, SUM, and so on) 
using the data on the two inputs. 


3.4 ACCUMULATOR 


The accumulator is а general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 


3.5 PROGRAM COUNTER 


The 12-bit Program Counter provides the addresses that 
are used to step the processor through sequential instruc- 
tions in a program. Each time the processor fetches an 
instruction from program memory, the lower (least signifi- 
cant) byte of the Program Counter (PCL) is placed on the 
low-order bits of the Address Bus and the higher (most sig- 
nificant) byte of the Program Counter (PCH) is placed on 
the high-order 4 bits of the Address Bus. The Counter is 
incremented each time an instruction or data is fetched 
from program memory. 


3.6 INSTRUCTION REGISTER AND 
INSTRUCTION DECODE 


Instructions are fetched from ROM or RAM and gated onto the 
Internal Data Bus. These instructions are latched into the Instruc- 
tion Register then decoded along with timing and interrupt signals 
to generate control signals for the various registers. 


3.7 TIMING CONTROLS 


The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many 
cycles as are required to complete the instruction. Each 
data transfer which takes place between the registers is 
caused by decoding the contents of both the instruction reg- 
ister and timing control unit. 


3.8 INTERRUPT LOGIC 


Interrupt_logic controls the sequencing of three interrupts; 
RES, NMI and IRQ. IRQ is generated by any one of three 
conditions: Counter Overflow, PAO Positive Edge Detected, 
and PA1 Negative Edge Detected. 
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3.9 CLOCK OSCILLATOR 


The Clock Oscillator provides the basic timing signals used 
by the R6500/1 CPU. The reference frequency is provided 
by an external source, and can be from a crystal, clock or 
RC network input. The RC network mode is a mask option. 
The external frequency can vary from 200 kHz to 4 MHz. 
The internal Phase 2 (92) frequency is one-half the external 
reference frequency. Figure 3-2 shows typical connections. 


XTLI 
R6500/1 


XTLO 


a. Crystal Input 


Усс 


хт 
R6500/1 


NC XTLO 


b. Clock Input 


XTLI 


Р=а7ко (NOMINAL) 
(2MHz EXCITATION 
FREQUENCY) 


R6500/1 


XTLO 


c, RC Network Input (Mask Option) 
NOTE C IS PROVIDED INTERNALLY BY THE R6500/1. 
THE RC OPTION IS AVAILABLE ONLY ON THE 
1 MHz R6500/1. 


(1) 
(2) 


Figure 3-2. Clock Oscillator Input Options 


3.10 PROCESSOR STATUS REGISTER 


The 8-bit Processor Status Register, shown in Figure 3-3, 
contains seven status flags. Some of these flags are con- 
trolled by the user program; others may be controlled both 
by the user’s program and the CPU. The R6500 instruction 


R6500/1 


set contains a number of conditional branch instructions 
which are designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. 


3.10.1 CARRY BIT (C) 


The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic 0 if no carry 
occurred as the result of arithmetic operations. 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) 
instruction, respectively. Other operations which affect the 
Carry Bit are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, 
ROR, RTI, and SBC. 


3.10.2 ZERO BIT (2) 


The Zero Bit (Z) is set to logic 1 by the CPU during any 
data movement or calculation which sets all 8 bits of the 
result to Zero. This bit is cleared to logic 0 when the result- 
ant 8 bits of a data movement or calculation operation are 
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not all zero. The R6500 instruction set contains no instruc- 
tion to specifically set or clear the Zero Bit. The Zero Bit is, 
however, affected by the following instructions: ADC, AND, 
ASL, ВП, CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, 
INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, ТХА, TSX, and TYA. 


3.10.3 INTERRUPT DISABLE BIT (I) 


The Interrupt Disable Bit (1) is used to control the servicing 
of an interrupt request (IRQ). If the | Bit is reset to logic 0, 
the IRQ signal will be serviced. If the Lit is set to logic 1, 
the IRQ signal will be ignored. The CPU will_set the Inter- 
rupt Disable Bit to_logic 1 На ВЕЗЕТ (RES) or Non- 
Maskable Interrupt (NMI) signal is detected. 


The ! bit is cleared by the Clear Interrupt (CLI) instruction, 
the Pull Processor Status from Stack (PLP) instruction, or 
as the result of executing a Return from Interrupt (RTI) 
instruction (providing the Interrupt Disable Bit was cleared 
prior to the interrupt). The Interrupt Disable Bit may be set 
or cleared under program control using a Set Interrupt Disa- 
ble (SEI) or a Clear Interrupt Disable (CLI) instruction, 
respectively. 


— 


NOTES 

(1) Not initialized by RES 
(2) Set to Logic 1 by RES 
—— —— НЕКИ 


CARRY (C) (1) 


1 
9 


Carry Set 
Carry Clear 


Hon 


ZERO (2) (1) 


1 = Zero Result 
0 - Non-Zero Result 


INTERRUPT DISABLE (1) {2} 


= IRQ Interrupt Disabled 


1 
0 IRQ Interrupt Enabled 


—— < DECIMAL MODE (О) (1) 


1 = Decimal Mode 
0 = Binary Mode 
BREAK COMMAND (B) (1) 


Break Command 
Not Break Command 


1 = 
о = 
OVERFLOW (0) (1) 


1 
0 


Overflow Set 
Overflow Clear 


NEGATIVE (М) (1) 


1 
0 


Negative Value 
Positive Value 


Figure 3-3. Processor Status Register 
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3.10.4 DECIMAL MODE BIT (D) 


The Decimal Mode Bit (D), is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1, the adder 
operates as a decimal adder. When this bit is cleared to 
logic 0, the adder operates as a straight binary adder. The 
adder mode is controlled only by the programmer. The Set 
Decimal Mode (SED) instruction will set the D bit; the Clear 
Decimal Mode (CLD) instruction will clear it. The PLP and 
RTI instructions also effect the Decimal Mode Bit. 


CAUTION 


The Decimal Mode Bit will either set or clear in an 
unpredictable manner upon power application to 
R6500/1. This bit must be initialized to the desired 
state by the user program or erroneous results may 
occur. 


3.10.5 BREAK BIT (B) 


The Break Bit (B) is used to determine the condition which 
caused the IRQ service routine to be entered. If the IRQ 
service routine was entered because the CPU executed a 
BRK command, the Break Bit will be set to logic 1. If the 
IRQ routine was entered as the result of an IRQ signal 
being generated, the B bit will be cleared to logic 0. There 
are no instructions which can set or clear this bit. 


3.10.6 OVERFLOW BIT (V) 


The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 = n = 
127). This indicator only has meaning when signed arithme- 
tic (sign and seven magnitude bits) is performed. When the 
ADC or SBC instruction is performed, the Overflow Bit is 
set to logic 1 if the polarity of the sign bit (bit 7) is 
changed because the result exceeds +127 or -128; other- 
wise the bit is cleared to logic 0. The V bit may also be 
cleared by the programmer using a Clear Overflow (CLV) 
instruction. 


The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction which may be used to sample interface 
devices, allows the overflow flag to reflect the condition of 
bit 6 in the sampled field. Duriing a BIT instruction the 
Overflow Bit is set equal to the content of the bit 6 on the 
data tested with BIT instruction. When used in this mode, 
the overflow has nothing to do with signed arithmetic, but is 
just another sense bit for the microprocessor. Instructions 
which affect the V flag are ADC, BIT, CLV, PLP, RTI and 
SBC. 


3.10.7 NEGATIVE BIT (N) 


The Negative Bit (N) is used to indicate that the sign bit 
(bit 7), in the resulting value of a data movement or data 
arithmetic operation, is set to logic 1. If the sign bit is set 
to logic 1, the resulting value of the data movement or 


3-109 


arithmetic operation is negative; if the sign bit is cleared, 
the resuit of the data movement or arithmetic operation s 
positive. There are no instructions that set or clear the Neg- 
ative Bit since the Negative Bit represents only the status of 
a result. The instructions that effect the state of the Nega- 
tive Bit are: ADC, AND, ASL, BIT, CMP, CPX, СРУ, DEC, 
DEX, DEY, EOR, INC, INX, INY, LDA, LDX, LDY, LSR, 
ORA, PLA, PLP, ROL, ROR, RTI, SBC, TAX, TAY, TSX, 
TXA, and TYA. 


3.11 2K x 8 ROM 


The R6500/1 2048 byte x 8-bit Read Only Memory (ROM) 
usually contains the users program instructions and other 
fixed constants. These program instructions and constants 
are mask-programmed into the ROM during fabrication of 
the R6500/1 device. The R6500/1 ROM is memory mapped 
from 800 to FFF. 


3.12 64 x 8 RAM 


The 64 byte x 8-bit Random Access Memory (RAM) con- 
tains the user program stack and is used for scratchpad 
memory during system operation. This RAM is completely 
static in operation and requires no clock or dynamic refresh. 
The data contained in RAM is read out nondestructively 
with the same polarity as the input data. A standby power 
pin, УВВ allows RAM memory to be maintained on 10% of 
the operating power. In the event that VCC power is lost 
and execution stops, this standby power retains RAM data 
until execution resumes. 


In order to take advantage of zero page addressing capabil- 
ities, the R6500/1 RAM is assigned page zero memory 
address 0 to O3F. 


3.13 CONTROL REGISTER 


The Contro! Register (CR), shown in Figure 3-4, is located 
at address ОВЕ. The CR contains five control signals and 
three status signals. 


The controi signals are summarized in Table 3-1. The con- 
trol signals are set to logic 1 by writing logic 1 into the 
respective bit positions and cleared to logic 0 either by writ- 
ing logic 0 into the respective bit position or by the occur- 


rence of a RES signal. 


Table 3-1. CR Contro! Signals 


Bit 
Control Signal Name 


Counter Mode Control 0 (СМСО) 0 
Counter Mode Contro! 1 (CMC1) 
РА1 Interrupt Enabled (A1IE) 
PAO Interrupt Enabled (АСЕ) 
Counter Interrupt Enabled (CIE) 


The three status signals are summarized in Table 3-2. 
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3 2 1 0 
CR3 | CR2 | CR1 | CRO 
АОГЕ | ATIE | СМС1] CMCO 


COUNTER MODE CONTROL (CMC1 & CMCO) 


0 0 = Interval Timer 

0 1 = Pulse Generator 

1 0 - Event Counter 

1 1 - Pulse Width Measurement 


PA1 INTERRUPT ENABLE (A1IE) 


1 = Enable РАТ Interrupt 
0 - Disable PA1 Interrupt 


PAO INTERRUPT ENABLE (AOIE) 

1 = Enable РАО Interrupt 

0 = Disable PAO Interrupt 

COUNTER INTERRUPT ENABLE (CIE) 
1 = Enable Counter Interrupt 


0 = Disable Counter Interrupt 


PA1 NEGATIVE EDGE DETECTED (A1ED) 


1 


= PA1 Negative Edge Detected 
0 = 


РАТ Negative Edge Not Detected 
PAO POSITIVE EDGE DETECTED (АОЕВ ) 


1 
0 


PAO Positive Edge Detected 
РАО Positive Edge Not Detected 


----- COUNTER OVERFLOW (СТВО) 


1 = 
0 = 


Counter Overflow Occurred 
No Counter Overflow 


Figure 3-4. Control Register (CR) 


Number 
5 
6 
7 


Tabie 3-2. CR Status Signais 


Status Signal Name 
PA1 Negative Edge Detected (ATED) 
PAO Positive Edge Detected (AQED) 
Counter Overflow (CTRO) 


The status signals are read-only information. The status bits 
are set to logic 1 by hardware monitoring logic and cleared 
to logic 0 by the occurrence of RES signal or by specific 
address commands. Each of these signals is described in 
the following sections. 


3.13.1 COUNTER MODE CONTROL 0 AND 1 


Counter Mode Control signals СМСО and CMC1 (bits 0 and 
1) control the Counter operating modes. The modes of 
operation and the corresponding configuration of CMCO and 
CMC1 are summarized in Table 3-3. 


These modes are controlled by writing the appropriate bit 
values into the Counter Mode Control bits. 
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Table 3-3. Counter Mode Control Selection 


Mode 


Interval Tirner 
Pulse Generator 
Event Counter 


Pulse Width Measurement 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated or if the user program stores logic 
0 into Bits 0 and 1 of the Control Register. A complete 
description of each of the Counter moces is given in Sec- 
tion 3.14.1. 


3.13.2 PA1 INTERRUPT ENABLE BIT (A1IE) 


If the PA1 Interrupt Enable Bit (CR2) is set to logic 1, an 
IRQ interrupt request signal will be generated when the 
PA1 Negative Edge Detected Bit (CR5) is set. 
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3.13.3 PAO INTERRUPT ENABLE BIT (AOIE) 


If the PAO Interrupt Enable Bit (CR3) is set to logic 1, the 
IRQ interrupt request signal will be generated when the 
PAO Positive Edge Detected Bit (CR6) is set. 


3.13.4 COUNTER INTERRUPT ENABLE BIT (CIE) 


If the Counter Interrupt Enable Bit (СВА) is set to logic 1, 
the IRQ interrupt request signal will be generated when 
Counter Overflow (CR7) is set. 


3.13.5 PA1 NEGATIVE EDGE DETECTED BIT 
(АТЕО) 


The PA1 Negative Edge Detected Bit (СР5) is set to logic 
1 whenever a negative (falling) edge_is detected on РАТ. 
This bit is cleared to logic 0 by RES or by writing to 
address ОВА. 


The edge detecting circuitry is active when PA1 is used 
either as an input or as an output. When РА! is used as 
an output, A1ED will be set when the negative edge is 
detected during a logical 1 to O transition. 


When РАТ is used as an input and the negative edge 
detecting circuitry is used, A1ED should be cleared by the 
user program upon initialization and when the PA1 Negative 
Edge Detected IRQ processing is completed. 


3.13.6 PAO POSTIIVE EDGE DETECTED ВІТ (АСЕО) 


The РАО Positive Edge Detected Bit (CR6) is set to logic 1 
whenever a positive (rising) edge is detected on PAO. The 


bit is cleared to logic 0 by RES or by writing to address 
089. 


The edge detecting circuitry is active when РАО is used 
either as an input ог as an output. When РАО is used as 
an output, АФЕР will be set when the positive edge is 
detected during a logical Oto 1 transition. 


When PAO is used as an input and the positive edge 
detecting circuitry is used, AOED should be cleared by the 
user program upon initialization and upon completion of 
PAO Positive Edge Detected IRQ processing. 


3.13.7 COUNTER OVERFLOW BIT (CTRO) 


The Counter Overflow Bit (CR7) is set to logic 1 whenever 
a counter overflow occurs in any of the four counter operat- 
ing modes. Overflow occurs when the counter is decre- 
mented one count from 0000. This bit is cleared to logic 0 
by RES or by reading from address 087 or writing to 
address 088. 


This bit should be cleared by the user program upon 
initialization and upon completion of Counter Overflow IRQ 
interrupt processing. 


When a Counter Overflow occurs, the Upper Count (UC) in ad- 
dress 086 and the Lower Count (LC) in address 087 are reset to 


the values contained in the Upper Latch (UL) in address 084 and 
in the Lower Latch (LL) in address 085, respectively. Therefore, it 
is important to load the Lower Latch value prior to executing the 
Write to Upper Latch and Transfer Latch to Counter (address 
088) in order to prevent an unpredicted reoccurrence of Counter 
Overflow and, if enabled, an IRQ interrupt request. 


3.14 COUNTER/LATCH 


The Counter/Latch consists of a 16-bit Counter and a 16-bit 
Latch. The Counter resides in two 8-bit registers: address 
086 contains the Upper Count value (bits 8-15 of the Coun- 
ter) and address 087 contains the Lower Count value (bits 
0-7 of the Counter). The Counter contains the count of 
either 2 clock periods or external events depending on 
which counter mode is selected in the Control Register 
(Section 3.13.1). 


The Latch contains the Counter initialization value. The 
Latch resides in two 8-bit registers: address 084 contains 
the Upper Latch value (bits 8-15 of the Latch) and address 
085 contains the Lower Latch value (bits 0-7 of the Latch). 
The 16-bit Latch can hold values from 0 to 65535. 


The Latch registers can be loaded at any time by executing 
a write to the Upper Latch Address (084) and the Lower 
Latch Address (085). In each case, the contents of the 
Accumulator are copied into the applicable Latch register. 
The Upper Latch and Lower Latch can be loaded independ- 
ently; it is not required to load both registers at the same 
time or sequentially. The Upper Latch can also be loaded 
by writing to address 088. 


The Counter can be initialized at any time by writing to 
address 088. The contents of the Accumulator will be cop- 
ied into the Upper Latch before the value in the Upper 
Latch is transferred to the Upper Counter. 


The Counter will also be initialized to the Latch value when- 
ever the Counter overflows. When the Counter decrements 
from 0000, the next Counter value will be the Latch value, 
not FFFF. 


Whenever the Counter overflows, the Counter Overflow Bit 
(CR7) is set to logic 1. This bit is cleared whenever the 
lower eight bits of the counter are read from address 087 
or by writing to address 088. 


3.14.1 COUNTER MODES 


The Counter operates in any of four modes. These modes 
are selected by the Counter Mode Control bits in the Con- 
trol Register. 


Mode CMC1  CMCO 
Interval Timer 0 0 
Pulse Generator 0 1 
Event Counter 1 0 
Pulse Width Measurement 1 1 
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The Interval Timer, Pulse Generator, and Pulse Width 
Measurement Modes are #2 clock counter modes. The 
Event Counter Mode counts the occurrences of an external 
event on the CNTR line. 


Interval Timer (Mode 0) 


In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 


1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 


2. When a write operation is performed to the Load 
Upper Latch and Transfer Latch to counter address 
(088), the Counter is loaded with the Latch value. Note 
that the contents of the Accumulator are loaded into 
the Upper Latch before the Latch value is transferred 
to the Counter. 


The Counter value is decremented by one count at the 02 clock 
rate. The 16-bit Counter can hold from 1 to 65535 counts. The 


COUNTER INTERRUPT ENABLED 


SET ANY TIME BEFORE 
COUNTER OVERFLOW 


________ 


COUNTER OVERFLOW 


aese e 


HELD HIGH IN MODE 00 


а гага гга гг 


| 
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Counter Timer capacity is therefore 14s to 65.535ms at the 1 
MHz 2 clock rate or 0.5 из to 32.768ms at the 2 MHz $2 clock 
rate. Time intervals greater than the maximum Counter value can 
be easily measured by counting IRQ interrupt requests in the 
counter IRQ interrupt routine. 


When the Counter decrements from 0000, the Counter 
Overflow (СН?) is set to logic 1 at the next 02 clock pulse. 
If the Counter Interrupt enable bit (СВА) is also set, ап IRQ 
interrupt request will be generated. The Counter Overflow 
bit in the Contro! Register can be examined in the IRQ 
interrupt routine to determine that the IRQ was generated 
by the Counter Overflow. 


While the timer is operating in the !nterva! Timer Mode, the 
Counter Out/Event line is held in the Figh (output disabled) 
state. 


A timing diagram of the Interva! Timer Mode is shown in 
Figure 3-5. 


COUNTER OVERFLOW 


(UL, LL) 


(UL, LL) -1 | 


uM 


Figure 3-5. interval Timer (Mode 0) Timing Diagram 


Puise Generator Mode (Mode 1) 


In the Pulse Generator mode, the Counter Out/Event In line 
(CNTR) operates as a Counter Out. The CNTR line toggles 
from low to high or from high to low whenever a Counter 
Overflow occurs, or a write is performed to address 088. 


Either a symmetric or asymmetric output waveform can be 
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output on the CNTR line in this mode. The CNTR output is 
initialized high by a RES since the Interval Timer mode is 
established by RES. 


A one-shot waveform can be easily generated by changing 
from Mode 1 Pulse Generator to Mode O (Interval Timer) 
after only one occurrence of the output toggle condition. 
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Event Counter Mode (Mode 2) 


In this mode the CNTR line is used as an Event In line, 
and the Counter with decrement with each rising edge 
detected on this line. The maximum rate at which this edge 
can be detected is one-half the 02 clock rate. 


The Counter can count up to 65,535 occurrences before 
overflowing. As in the other modes, the Counter Overflow 
bit (CR7) is set to logic 1 if the overflow occurs. 


Figure 3-6 is a timing diagram of the Event Counter Mode. 


Pulse Width Measurement Mode (Mode 3) 


This mode allows the accurate measurement of a low pulse 
duration on the CNTR line. In this mode, CNTR is used in 
the Event In capacity. The Counter decrements by one 


count at the 02 clock rate as long as the CNTR line is held 
in the iow state. The Counter is stopped when CNTR is in 
the high state. 


If the CNTR pin is left disconnected, this mode may be 
selected to stop the Counter since the internal pull-up 
device will cause the CNTR input to be in the high (>2.0V) 
State. 


A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 3-7. 


3.15 INPUT/OUTPUT PORTS 


The R6500/1 provides four 8-bit Input/Output (I/O) ports 
(PA, PB, PC, PD). These 32 МО lines are completely 
bidirectional. All lines may be used either for input or output 
in any combination; that is, there are no line grouping or 
port association restrictions. 


Figure 3-6. Event Counter Mode (Mode 2) 


Figure 3-7. Puise Width Measurement (Mode 3) 
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The direction of the 32 МО lines are controlled by four 8-bit port 
registers located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page address 
instructions. There are no direction registers associated with the 
МО ports, which simplifies МО handling. The МО addresses are 
shown in Table 3-4. 


Table 3-4. /О Port Addresses 


Address 


Figure 3-8 shows the ИО Port Timings. 


3.15.1 INPUTS 


Inputs are enabled by loading logic 1 into а! МО port register bit 
positions that are to correspond to ИО input lines. А low (<0.8V) 
input signal will cause a logic 0 to be read when a readinstruction 
is issued to the port register. A high (>2.0V) input will cause a 
logic 1 to be read. An RES signal forces all МО port registers to 
logic 1 thus initially treating all МО lines as inputs. 


М/О PORT OUTPUT TIMING 


INTERNAL ВАУ 


PA, PB, PC, PD OUTPUT 


1/O PORT INPUT TIMING 


PA, PB, PC, PD INPUT 
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The status of the input lines can be interrogated at any 
time by reading the ИО port addresses. Note that this will 
return the actual status of the input lines, not the data writ- 
ten into the ИО port registers. 


3.15.2 OUTPUTS 


Outputs are controlled by writing the desired ИО line output 
states into the corresponding l/O port register bit positions. 
A logic 1 will force a high (>2.4V) outout while a logic 0 
will force a low (<0.4V) output. 


3.15.3 EDGE DETECTION CAPABILITY 


Ports РАО and PA1 have an edge detection capability. Fig- 
ure 3-9 shows the edge detection timing. 


РАО Positive Edge Detecting Capability 


In addition to its normal МО function, РАО will detect an 
asynchronous positive (rising) edge signal and set the PAO 
Positive Edge Detected signal (CR6) to logic 1. The maxi- 
mum rate at which this positive edge can be detected is 
one-half the 02 clock rate. 


If the PAO Interrupt Enable Bit (САЗ) is set, an IRQ inter- 
rupt request will also be generated. The PAO Positive Edge 
Detected signa! can be cleared by writing "2 address 089. 


е и м = 


ыы 
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Figure 3-8. ИО Port Timing 
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EDGE DETECT 
WINDOW 


IRQ 


| *SEE NOTE 


*NOTE: IRQ WILL STAY LOW UNTIL ІТ IS SERVICED 


Figure 3-9. РАО and PA1 Edge Detection Timing 


PA1 Negative Edge Detecting Сара Ку 3.16 MASK OPTIONS 

In addition to its normal МО function, РАТ will detect an An option is provided to delete the internal pull-up resistance from 
asynchronous negative (falling) edge signal and set the РА1 PA, PB, PC and/or PD ports at mask time. This optionis available 
Negative Edge Detected signal (CR5) to logic 1. The maxi- for 8-bit port groups only, not for individual port lines. This option 
mum rate at which this negative edge can be detected is may by used to aid interface with CMOS drivers, or in order to 
one-half the #2 clock rate. interface with external pull-up devices. 


№ the РАТ Interrupt Enable signal (СН2) is set, ап Аа 

interrupt request will also be generated. The PA1 Negative 

Edge Detected signal may be cleared by writing to address An option is also provided to delete the internal pull-up 
ОВА. resistance on the CNTR line. 
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uH SECTION 4 
IRQ INTERRUPT REQUEST GENERATION 


An IRQ interrupt request can be initiated by any or all of 
three possible sources. These sources are all capable of 
being enabled or disabled by the use of the appropriate 
interrupt enabled bits in the Control Register. 


The first source of IRQ is Counter Overflow. The IRQ interrupt 
request will be driven low whenever both the Counter Interrupt 
Enable (CR4) and the Counter Overflow (СА7) are logic 1. 


The second source of ÍRQ is detection of a positive edge 
on PAO. The IRQ inerrupt request will be driven low when- 
ever both the PAO Interrupt Enable (CR3) and the PAO 
Positive Edge Detected (CR6) are logic 1. 


The third source of IRQ is detection of a negative edge on 
РАТ. The IRQ interrupt request will be driven low whenever 
both the PA1 Interrupt Enable (CR2) and the PA1 Negative 
Edge Detected (CR5) are logic 1. 
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Multiple simultaneous interrupts will cause the IRQ interrupt 
request to remain active until all interrupting conditions have 
been serviced and cleared. 


94999. 
r CAUTION 


If the same data, i.e., the same RAM, counter/latch or ИО 
addresses, are operated on asynchronously by a normal 
processing routine and by an interrupt service routine, care 
must be taken to prevent loss of data due to the interrupt 
routine altering the data during update of the data by the 
normal processing routine. This situation can be prevented 
by disabling the IRQ interrupt with the SE! instruction be- 
fore starting the data update in the normal processing and 
then enabling the interrupt with the CLI instruction upon 
completion of data update. 
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SECTION 5 
POWER ON/OFF CONSIDERATIONS 


5.1 POWER-ON RESET 


The occurrence of RES going from low to high will cause 
the R6500/1 to set the Interrupt Mask Bit — bit 2 of the 
Processor Status Register — and initiate a reset vector fetch 
at address FFE and FFF to begin user program execution. 
Ali of the ИО ports (PA, PB, PC, and PD) and CNTR will 
be forced to the high (logic 1) state. All bits of the Control 
Register will be cleared to logic 0 causing the interval 
Timer counter mode (mode 00) to be selected and causing 
all interrupt enabled bits to be reset. 


5.2 POWER ON/OFF TIMING 


After application of VCC power to the R6500/1, RES must 
be held low for at least eight #2 clock cycles after VCC 
reaches operating range and the internal clock oscillator has 
stabilized. This stabilization time is dependent upon the 
input VCC voltage and performance of the crystal, clock, or 
RC network input circuit. The clock oscillator output can be 
monitored on XTLO (pin 11). 


Figure 5-1 illustrates the power turn-on waveforms. 


5.3 RAM DATA RETENTION — VRR 
REQUIREMENTS 


For the RAM to retain data upon loss of УСС, VRR must 
be supplied within operating range and RES must be driven 


| crock STABILIZATION TIME = 


low at least eight 02 clock pulses before VCC falis ош of 
operating range. RES must then be held low while VCC is 
out of operating range and until at least eight 02 clock 
cycles after VCC is again within operating range and the 
internal’ 22 oscillator is stabilzed. VRR must remain within 
VCC operation range during normai R6500/1 operation. 
When VCC is out of operating range, VRR must remain 
within the VRR retention range in order to retain data. Fig- 
ure 5-2 shows typical waveforms. 


5.4 RAM DATA RETENTION OPERATION 


The requirement for R6500/1 RAM data retention and re- 
start operation is application dependent. № R6500/1 RAM 
data retention is not required during loss of VCC, then VRR 
can be connected to the same power source as VCC. 
With this configuration a complete initialization of R6500/1 
program variables in RAM is required upon VCC and VRR 
power application. 


If the R6500/1 RAM is to retain data during loss of VCC, 
the following is required: 


1. Connection of VCC and VRR to separate power supplies 
or to the same primary power supply with isolation 
diodes and battery or other backup power for VRR. 


2. VCC power monitor hardware with power loss and 
cold/warm start indications to the R6500/1. 


3 Power loss detection as well as cold and warm start 
initialization in the R6500/1 program. 


= 8 @2CLOCKS CYCLES MIN 


Figure 5-1. Power Turn-On Timing Detail 
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| RAM OPERATING MODE | RAM RETENTION MODE | 


VRR 
vec 
RES 

(Т) INITIAL APPLICATION OF VCC AND VRR. 


@) Loss OF УСС, RAM ON STANDBY POWER. 


(3) REAPPLICATION OF УСС. 


oe Se шышы. 


(4) >в $2 CLOCK PULSES AFTER 22 OSCILLATOR STABILIZATION. 


(5) >в $2CLock PULSES, 


Figure 5-2. RAM Retention Mode Timing 


The power monitor hardware must sense the loss of VCC 
power in sufficient time to allow the R6500/1 to save re- 
quired CPU register data in RAM. The power loss indication 
line сап be connected to the NMI interrupt input in order to 
cause an immediate R6500/1 interrupt upon power loss 
detection. 


The power monitor hardware should also provide an indica- 
tion of cold start (initial VCC and VRR power application) or 
warm start (VCC power re-application while VRR is retained 
on backup power) provided as input on a data ИО pin. 


A level indication is sufficient. The R6500/1 program can 
then initialize all, or partial, program variables upon initial- 
ization then jump to any other starting address as required 
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depending upon cold/warm start condition. 


Upon power loss detection, the FI6500/1 should save all required 
CPU register data in either the stack or dedicated RAM. The stack 
may be preferred if dedicated RAM is not available. If the program 
is to restart at the interrupted address, then all CPU registers 
must be saved, i.e., S, P, PC, A, X, and Y. The stack pointer must 
be saved in a dedicated RAM address. Note that processor status 
P andthe program counter, PC, are already saved on the stack by 
the NMI interrupt R6500/1 hardware processing. If the warm start 
can be performed at a specific address, then the saving of the 
register data at power loss detection may not be required. Figure 
5-3 shows top level flowcharts of typical power down and 
power-up processing. 
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NMI INTERRUPT 


ACQUIRE/COMPUTE 
AND SAVE DATA 
AS REQUIRED 


COMMON INITIALIZATION 


SAVE A, X, & Y IN STACK 
SAVE S IN DEDICATED RAM 


COLD 
START 
ADDRESS 


JMP TO PC* 


INITIALIZE COLD START 
UNIQUE VARIABLES 


INITIALIZE WARM START 


*HANG UP IN SHORT UNIQUE VARIABLES 


LOOP UNTIL EXECUTION 
TERMINATES 


RESTORE S FROM DEDICATED ВА 
RESTORE A, X, Y FROM STACK 


а. Program Recovery at CONTINUE 


Address of Interruption 


NMI INTERRUPT 


ACQUIRE/COMPUTE & 
SAVE DATA AS 
REQUIRED 


COMMON INITIALIZATION 


JMP TO РС* 


*HANG UP IN SHORT 


LOOP UNTIL EXECUTION COLD WARM 
TERMINATES START START 
ADDRESS ADDRESS 


INITIALIZE COLD START 
UNIQUE VARIABLES 


INITIALIZE WARM START 
UNIQUE VARIABLES 


Ы, Program Recovery at 


CONTINUE CONTINUE 


Specific Restart Address 


Figure 5-3. Typical R6500/1 Power Loss Recovery Flowcharts 
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SECTION 6 
TEST 


6.1 TEST MODE 


The R6500/1 test function is multiplexed on the RES input 
pin. The three input states for this pin are: 

1. «0.8V Reset state. All R6500/1 outputs are 
forced to the high state. 


2. >2.0V and Normal run state. The low to high transi- 
<5.5V tion on the RES pin initiates fetch of the 
reset vector from address FFC and FFD 
and starts user program execution at the 

vectored address. 


3. >10.0V and Test state. The only internal action that 
<10.5V takes place is switching of the data 
source for instruction memory from in- 

ternal ROM to I/O port “С”. Bit 0 of port 


“С” is the dataleast significant bit (LSB). 


The test mode allows instructions and data to be input externally 
through МО port "C". This capability is used at Rockwell to test ali 
of the R6500/1 logic, registers and internal data RAM. A ROM 
dump may be accomplished by using the test feature to load into 
the internal RAM a small program to fetch each byte of ROM and 
output it to an МО port. After this program is loaded the CPU is 
directed to begin execution out of RAM, e.g., JMP to 00. After the 
jump is executed, the RES line is returned to the normal run state. 
The normal run state allows data fetches to occur out of the 
internal ROM and returns port "C" to its normal function. 


The detail support hardware and software required to use 
ihe R6500/1 test mode is fairly complex and time critical. 
For normal application testing, it is recommended that a test 
program be loaded into RAM and executed as explained in 
Section 6.2. 


6.2 PROGRAM LOADING INTO RAM 


A test or application program can easily be loaded into the 
R6500/1 RAM and executed without forcing the R6500/1 
into the test mode. To do this, a short program loader func- 
lion must be permanently included in the application program 
Stored in ROM. Upon test mode selection during R6500/1 
initialization, the loader reads instructions or data from an 
VO port and stores them into RAM. At the first completion 
of the load, the loader then jumps to the first instruction in 
RAM to start program execution. 


A program is described which may be used to load test or 


application program into RAM. It can easily be adapted to 
specific requirements by re-assigning ИО as required. The 
loader uses positive handshake between the R6500/1 and 
the interfacing host equipment. One ИО line is dedicated to 
the test mode selection. The other pins assigned to loader 
interface signals may be assigned to normal application ИО 
interface signals when the test mode is not selected. 


МО is assigned for the RAM Program Loacer as follows: 


PAO Data Ready (DR) — Positive edge indi- 
cates data is ready for sampling by the 
R6500/1. 

РА1 End of Data (EOD) — Negative edge 


indicates that all the data has been 
transferred to the R6500/1. 


PA2 Data Taken (DT) — 
0 = Data Not Taken 
1 = Data Taken 


PA7 Normal Mode Select (NMS) — 
0 = Test Mode 
1 = Normal Mode 


PB7-PBO Data input, i.e., instruction or data (PB7 


= MSB, PBO = LSB) 


The flowchart in Figure 6-1 shows the loader operation. The 
handshake waveforms between the R6500/1 and the host 
are illustrated ігі Figure 6-2. The following description corre- 
sponds to the handshake events identified in Figure 6-2: 

1) Host sees PA2 high, which indicates previous data, if 
any, has been taken by the R650C/1. The host then 
drops PAO low to indicate new data is not ready. This 
Signal should be initialized low by the host. 

2) R6500/1 detects PAO low then drops PA2 low to indi- 
cate that data has not been taken. 


3) Host sees PA2 low then sets up new data. 
4) Host sets PAO high to indicate new data is ready. 


5) Upon detecting positive edge of PAO, R6500/1 reads 
data on PB7-PBO. R6500/1 then sets PA2 high to indi- 
cate that the data has been taken. 


6 When no тоге data is available, the host drops PA1 
low to indicate end of data (EOD). The R6500/1 then 
jumps to address $000 to start program execution. № all 
RAM is loaded without EOD detected, the R6500/1 also 
jumps to address $000. 


An assembly listing of the RAM Program Loader is shown 
in Table 6-1. 
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INITIALIZE STACK POINTER 
$3F>S 
CLEAR DECIMAL MODE 
INITIALIZE RAM INDEX ТОО 


TEST 
MODE 
SELECTED? 


JMP NORMAL 
PROGRAM 


RESET DATA TAKEN 
0 > РА2 


1=PA1 NEG EDGE 
DETECTED = YES 


DATA 
READY? 


1 = PAO POS EDGE 
DETECTED = YES 


CLEAR PAO PDS EDGE DETECTED 
LOAD DATA FROM PORT B 
STORE INTO RAM 


PA1 NEG EDGE 
DETECTED = YES 
SET DATA TAKEN 
13 РА2 


INCREMENT RAM INDEX 


JMP TO TEST 
PROGRAM 


Figure 6-1. RAM Program Loader Flowchart 
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ттт---------------------- 


i РАТА (РВ7-РВО) 


DATA READY (DR) (РАО) 


DATA TAKEN (DT) (РА2) 


END ОҒ DATA (EOD) (РАТ) 


Figure 6-2. R6500/1 RAM Program Load Handshake 
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Tabie 6-1. RAM Program Loader Assembly Listing 


PORTB = $81 ;Port B Address 
PORTA - $80 ;Port A Address 
CLRPAO = $89 ІСІН PAO Edge Detect 
CTLREG = $8F ;Control Register 
BEGIN = $000 ВАМ First Address 


* = $0800 
Reset LDX #$3F 
TXS Initialize Stack Pointer 
CLD ;Set Binary Add Mode 
LDX #$00 Initialize RAM Index 
LDA PORTA 
BMI INIT ‘Test Mode Selected (РА? = 0)? 


LDA PORTA Мез 
LSRA 
BCS EODCK1 ;Data Ready High (РА0- 1)? 


LDA #$FB №, Reset Data Taken 
STA PORTA :0->РА2 


LDA #520 
BIT CTLREG 
BVC EODCK2 ;Data Ready (PAO Pos Edge Detected)? 


STA CLRPAO ;Yes, Clear PAO Pos Edge Detected 
LDA PORTB ;Load Data From Port В 

STA BEGIN,X ;Ѕіоге in RAM 

LDA £$FF 

STA PORTA ;:Set Data Taken (1->PA2) 

INX ;Increment RAM Index 

CPX #$40 

BNE PAZCK 15 RAM Full? 


JMPBEG JMP BEGIN ;Yes, Go To RAM Program Execution 


EODCK1 LDA #520 
AND CTLREG 
BEQ PAZCK ;End of Data (PA1 Neg Edge Detected)? 
BNE JMPBEG Yes, Go To RAM Program Execution 


BEQ RDYCK ;End of Data (PA1 Neg Edge Detected)? 
BNE JMPBEG Мез, Go To Ram Program Execution 


;First Address of Normal Program 


*=$FFC 
.WOR RESET ;Reset Vector 
ЕМО 


Errors = 0000 <0000> 
Епа of Assembly 
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APPENDIX A — SYSTEM MEMORY MAP 


HEX 
IRQ Vector High FFF 
IRQ Vector Low FFE 
RES Vector High FFD 
RES Vector Low FFC 
ector [0 _ ROM 


NMI Vector High FFB 
NMI Vector Low FFA 


FF9 
User Program 
800 
7FF 
R6500/1E User Program 
400 
3FF 
Unassigned 
900 
Control Register ОВЕ 
ОВЕ 
Unassigned 
08B 
Clear PA1 Neg Edge Detected (Write Only) (1)| ОВА 
Clear PAO Pos Edge Detected (Write Only) (1)] 089 
Upper Latch and Transfer Latch to Counter (Write Only) (2)| 088 
Lower Count (Read Only) (2)| 087 ~ Input/Output 
Upper Count (Read Only) 086 
Lower Latch (Write Only) ` 085 
Upper Latch (Write Only) 084 
PORT D | 083 
PORT С 082 
РОВТ В 081 
PORT А _ 080 
Unassigned 
ОЗЕ 
User НАМ ВАМ 
000 


Notes: 
(1) МО command only; i.e., no stored data. 
(2) Clears Counter Overflow — Bit 7 in Control Register. 
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APPENDIX B — R6500 INSTRUCTION SET 


This appendix contains a summary of the R6500 instruction set. For detailed information, consult the R6500 Microcomputer Sys- 
tem Programming Manual, Document 29650 N30. 


B.1 INSTRUCTION SET IN ALPHABETIC SEQUENCE 


ADC Add Memory to Accumulator with Carry LDA Load Accumulator with Memory 
AND “AND” Memory with Accumulator LDX Load Index X with Memory 
ASL Shift Left One Bit (Memory or Accumulator) LDY Load Index Y with Memory 


LSR Shift One Bit Right (Memory or Accumulator) 
BCC Branch on Carry Clear 


BCS Branch On Carry Set NOP No Operation 

BEQ Branch on Result Zero 

BIT Test Bits in Memory with Accumulator ORA “OR” Memory with Accumulator 
ВМ! Branch on Result Minus 

BNE Branch on Result not Zero PHA Push Accumulator on Stack 

BPL Branch on Result Plus PHP Push Processor Status on Stack 
BRK Force Break PLA Pull Accumulator from Stack 
BVC Branch on Overflow Clear PLP Pull Processor Status from Stack 


Ву5 Branch on Overflow Set 
ROL Rotate One Bit Left (Memory or Accumulator) 


CLC Clear Carry Flag ROR Rotate One Bit Right (Memory or Accumulator) 
CLD Clear Decimal Mode АТ! Return from Interrupt 
CLI Clear Interrupt Disable Bit RTS Return from Subroutine 
CLV Clear Overflow Flag 
CMP Compare Memory and Accumulator SBC Subtract Memory from Accumulator with Borrow 
CPX Compare Memory and Index X SEC Set Carry Flag 
CPY Compare Memory and Index Y SED Set Decimal Mode 
SEI Set Interrupt Disable Status 
DEC Decrement Memory by One STA Store Accumulator in Memory 
DEX Decrement Index X by One STX Store Index X in Memory 
DEY Decrement Index Y by One STY Store Index Y in Memory 
EOR “Exclusive-Or” Memory with Accumulator TAX Transfer Accumulator to Index X 
TAY Transfer Accumulator to Index Y 
INC Increment Memory by One TSX Transfer Stack Pointer to Index X 
INX Increment Index X by One TXA Transfer Index X to Accumulator 
INY Increment Index Y by One TXS Transfer Index X to Stack Register 
TYA Transfer Index Y to Accumulator 


JMP Jump to New Location 
JSR Jump to New Location Saving Return Address 
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INSTRUCTIONS IMMEDIATE ІЛЕ ЕС) ПТЕНГГЕНГЕН ] палме | њолест | z pace. v (80265506 STATUS 
MNEMDNIC OPERATION п | * [ор ^ ПЕЕ * М Й HE OP) n | я ОР) n 
ADC А-М-6-А ил [69 [22 [60| 4 | 3 | 65| 312 61 
AND ААМ-А «и [29| 212 әр 413 | 25] 312 21 a 
ASL с. 9-5 Æ| 613 [06 5 | 2 foal 2| 1 А 
асс BRANCHONC = 0 121 | B 
| Bcs | BRANCHONC=1 12 4 LLL Là L B 
BEO BRANCHON2 = ! 12) i | H | B 
вит AAM | [20] 413 [24| 312 | | MMe + Zef BIT 
вм. BRANCHONN = 1 (2) | 1 212 вене BMI 
BNE BRANCHONZ = 0 121 Н Н 21 ‚ж, +] BNE 
ВР. BRANCHONN = 0 (2 || | Ll ........|вВрРа 
век | ВРЕАК TT Тт IB lat] T T T HH 3 | +. + 1 «+ 1» | BRK 
ВУС ВВАМСН ОМУ = 0 d | afte eee ee eel BYE 
evs BRANCHONV= 1 a | | | ale рву 
със 0-с | 181 2] + eese 0| CLE 
сіз 0-0 | ові 2| ! | | | tee eae | сар 
[ci 0-а тет 11 "num Tt T1 TT TT . oe о. ef ска 
сем 0-У Be} 2 | 1 f H + Oe ee eee Civ 
СМР ALM са! 2 2 јсрј aj afesta] 2 ст ej 2 [рт 5 | 2 [05| а | 2 [00] 4 | afosa] з Nee eee ZC| CMP 
CPx х-м сој 2; 2 ЕС 4 | 3]E 3 2 | | bd ! Н м. . . . ZC] CPX 
[enc | vow ЕЛЕНЕ s] С О р, у LLLA || | ||| ју. 5: а 
DEC м-з-м GE} 6 | 3|C6] 5{ 2 | 06| 6 | 2 [DE] 7 |3 Nerei Z 4| DEC 
DEX Ro 1k Cal 2 | 1 | Neier ee Ze] DEX 
DEY Y 1 : es} 2 | 1 | i м.. ...2-|РЕХ 
EOR АУМ -А |ә 2' 2 јао 413 |485] 3] 2 | | atte! ads] 5] 2 |55] «| 2 [56] «| a|ssiala м. .. ..2-|Е08 
[ine малом || НЕДЕ ЫЛЕ í ro] 6 [2 Е 73 | LL Neve ee Define 
INX X41+x | 2 | Nv ee ee Del tng 
INY ЕЕ : | 82| + 1 ғ. 4. Z-L NY 
JMP | JUMP TONEWLOG | ! | | sc] 5 | 3 m -—— JMP 
JSR JUMP SUB | ... ... else 
LDA МА Ир JAG! 2) 2 4 | 2 [BD] 4 “ы. 402" LOA 
ШЕР м -х me TT Imp B" ttt t — ох 
Loy м-т п јао 212 а|2|80|4|3 мет" D 
LSR eP, не | 6|2[5Е}?|3 ! о... . ZC] 158 
МОР МО OPERATION | i ! | eal 2 | 1 | ERE NOP 
ORA АУМ -А 09: 3|2 | | » | 2 |15] 4] 210] 4 | 31914] 3 602 DRA 
ЕТЕ ТТЫ» кү] ТП UV ЕСТІ 
РНР bd | ов | 3| * : ‚ эз . . | РНР 
PLA : 68| 4|! i м. zt PLA 
PLP 28| + |» | (RESTORED) PLP 
RO: 2Е| 6 |3 | 26| 512 |24| 2 | ! i 36| 6| 2 ЈЗЕ 3 Nr to · Z6| P9 
ROR | $ a [66] 5 [2 ba 2:1 | 7816 | 2]7Е| 7 Г | т Tye 26| ЕТІ 
AT RTRNINT а! elit: | (RESTORED нта 
RTS RTRN SUB eoe]: | eet e ERTS 
sec A-M Toa и [вет 212 |E0| 4 | 3|E5] 3! 2 азе ое «| 2175] 4 | 2 26] 4 | з јео| 4 | 3 м... af SBC 
SEC 146 || LIEN | | de stl sec 
seo] 1-6 || вві 2 |1 | | 225555216601 
ЗЕ! E | T i 1 1 | Гү 7 m T || HH HH 
STA AM воа | 3]ss| a | 2] | 1 варе |; [ет ео fast 4 | 2 |50] 5 з |е 5| 3 еее! | STA 
өтк | хем | [веја |388 s|2| | | | ава | 2]. e · + tnl TX 
sty у.м ЖЕ JE 94| a] 2 Пи eee sty 
ТАХ | А-Х |) | |, || А^|2 | * ime M du || ..... 2 {ТАХ 
Tay А У i [4821 ме + + • | tay 
TSX Sex i |BAD2|! | Nee + zrlisx 
TxA XA | ВА 2 1 Ner n 2-| ТХА 
TXS х +5 ЭА! 21! . . . .| тх5 
ЖЕН ШЕ L1] Li и 41111 Ее, 
1. ADO 1 ty М IF PAGE BOUNDARY IS CROSSED х INDEX X . АВО M. MEMDAY BIT? 
С RODZ1O N IF BRANCH OCCURS TO DIFFERENT PAGE DOM рн DO Samac M MEWORY ве 
(i санит NDT > BORROW М MEMORY РЕВ EFFECTIVE ADDRESS са к ND BYTES 
54. IFSN DECIMAL MODF 2 FLAG IS INVALID 
ACCUMULATOR MUST BE CHECKED FOR 2EPO RESULT Ms MEMORY PER STACK POINTER wv EXCLUSE DR. 
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APPENDIX С — SYSTEM SPECIFICATIONS 


MAXIMUM RATINGS* 


Parameter | Symbol | Value | Unit “NOTE: Stresses above those listed under ABSOLUTE MAX- 
Supply Voltage | Voc 20310 +70 Мас IMUM RATINGS may cause permanent damage to the device. 
ABUL, | This is а stress rating only and functional operation о the device 
при! Voltage Vin -0.3 ю +70 | Мас at these or any other conditions above those indicated in other 
Operating Temperature T °C sections of this document is not implied. Exposure to absolute 

Commercial Oto +70 maximum rating conditions for extended periods may affect 
industrial – 40 to +85 device reliability. 
Storage Temperature | Tsta | - 5510 +150 °С 


STATIC DC CHARACTERISTICS 
(Vec = 5.0V + 10%, for R6500/1, Мос = 5V +5% for R6500/1A) 


Parameter Symbol Min Typ Max. Unit 
Power Dissipation (Outputs High) Pp mW 71 
0°C to +70°С - 500 — 
- 40°C to +85°С — 550 сезі 
йде --4 
RAM Standby Voltage (Retention Mode) Уан 3.5 - Vec Vde 
+—— --і --- 
RAM Standby Current (Retention Mode) IRR mAdc 
0°C to + 70°C - 10 — 
— 40°C to + 85°С = 12 = 
t- 4—— —— ——+ 
Input High Voltage (Normat Operating Levels) Мн +2.0 - Voc Мас | 
Input Low Voltage (Normal Operating Levels) Vic — 0.3 — + 0.8 Мас 
| Е- 
Input Leakage Current тық lin uAdc 
Vin = 0 to 5.0 Мас RES, ММ! +1.0 +2.5 
Input High Voltage (XTLI) Мнхт 440 | — Veo Vdc 
= ии 
Input Low Voltage (XTLI) | мт -03 E 0.8 Vde | 
Input Low Current he 
(Vi, = 0.4 Мас) - -1.0 -1.6 mAdc 
х == "mE T— — 
Output High Voltage Мон 
(Мос = min, подо = — 100 pAdc) -24 - - уас 
Output High Voltage Vemos Vec - 30% - - мас 
(Мес = min) | a | 
Output Low Voltage VoL 
(Voc = min, |одр = 1.6 mAdc) — = +0.4 Мас 
Output High Current (Sourcing) loH 7 
(Мон = 2.4 Мас} -100 у 227 «Жас 
Output Low Current (Sinking) Іш | 
(VoL = 0.4 Мас) 1.6 m — mAdc 
Input Capacitance Cin pF 
(Vn—0, ТА = 25°C, = 1.0 MHz) 
PA, PB, PC, PD, CNTR — — 10 
XTLI, XTLO — - 50 
Output Capacitance Court | 
(Vin—O, ТА = 25°C, f = 1.0 MHz) - a — 10 рЕ _ 
МО Port Resistance А, 3.0 60 | 115 ко 
РАО-РА7, РВО-РВ7, PCO-PC7, РОО-РО7, CNTR 24 _| 
Note: Negative sign indicates outward current flow, positive indicates inward flow. 
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AC CHARACTERISTICS 
(Мос = 5V + 10% for R6500/1, Усс = 5V +% for R6500/1A) 


Parameter 
XTLI Input Clock Cycle Time 
Internal Write to Peripheral Data Valid (TTL) 


Internal Write to Peripheral Data Valid (CMOS) 
Peripheral Data Setup Time 
Count and Edge Detect Pulse Width 


One-Chip Microcomputer 


——À 
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APPENDIX D — R6500/1E EMULATOR PART 
D.1 INTRODUCTION 


To aid the user in designing Н6500/1 microcomputer sys- 
tems, Rockwell has developed ап R6500/1E Emulator. The 
basic architecture of the Emulator is the same as that of 
the R6500/1 single-chip microcomputer except the Emulator 
brings the address, data, and required control lines off the 
chip to an external memory. 


This appendix describes only the differences between the 
А6500/1 single-chip microcomputer and the R6500/1E Emu- 
lator. All sections of the Emulator not described in this 
appendix are identical to the corresponding section of the 
А6500/1 single chip microcomputer. 


0.2 R6500/1 EMULATOR INTERFACE 
REQUIREMENTS 


This section describes the interface requirements for the 
R6500^4E Emulator. Figure D-1 is the Emulator Interface 
diagram. Figure D-2 shows the Emulator pin configuration. 
Table D-1 describes the function of each pin of the Emula- 
tor that differs from the R6500/1 device. 


PORT A 
РАО-РА7 


ват 
РОВТ В 
РВО-РВ7 


8 BIT 
PORT C 
PCO-PC7 


CRYSTAL 


TO 
R6500/1 8 BIT INTERFACE 
SINGLE CHIP DEVICES 


PORT D 


MICROCOMPUTER PDO-PD7 


CNTR 


EMULATOR 
CONTROL 


Figure 0-1. R6500/1 Emulator interface Diagram 


3-129 


R6500/1 One-Chip Microcomputer 


Table D-1. R6500/1E Emulator Pin Description 


Description 


Read/Write allows the CPU to control the direction of data transfers between the R6500/1E Emulator CPU and 
external memory. This line is high when reading data from mernory and is low when writing clata to memory. 


The Ready input delays execution of any cycle during which the RDY line is low. This allows the user to halt 
or single step the CPU on all cycles except write cycles. A negative transition to the low state during the 22 
clock low pulse will halt the CPU with the address lines containing the current address being fetched. If АБУ is 
low during a write cycle, it is ignored until the following read operation. This condition will remain through а sub- 
sequent 2 clock pulse in which the РОУ line is low. This feature allows the CPU to interface with memories 
having slow access times, such as EPROMS used with the R6500/1 Emulator part during prototype system 
development. 


The Sync signal is provided to identify cycles in which the CPU is performing OP CODE fetch. SYNC goes high 
during the #2 clock low pulse of an OP CODE fetch and stays high for the remainder of that cycle. If the АБУ 
line is pulled low during the 02 clock (ом pulse in which SYNC went high, the CPU will halt in its current state 
and will remain in that state until the RDY line goes high. Using this technique, the SYNC signal can be used to 
contro! RDY to cause single instruction execution. 


Phase 2 (#2) clock pulse. Data transfer takes place only during 02 clock pulse high. 


Address Bus lines. The address bus buffers on the R6500/1E are push/pull type drivers capable of driving at 
least 130 pf and one standard TTL load. The address bus always contains known data. The addressing tech- 
nique involves putting an address on the address bus which is known to be either in program sequence, on the 
same page in program memory, or at a known point in memory. The ИО address commands are also placed on 
these lines. 


Data Bus lines. All transfers of instructions and data between the CPU and memory, УО, and other interfacing 
circuitry take place on the data bus lines. The buffers driving the data bus lines have full three-state capability, 
which is necessitated by the fact that the lines are bidirectional. Each data bus pin is connected to an input and output 
buffer, with the output buffer remaining in the floating condition. 


D.3 SYSTEM ARCHITECTURE 
18 > РАО-РА? 
Figure D-3 is a block diagram of the R6500/1E Emulator. 
The functlon of each block is identical to its counterpart in 
the R6500/1 microcomputer. The main differences between 
the two products аге in the ROM, the clock oscillator, the 
input/output ports and write-only monitoring. 


-8 > PBO-PB7 


R6500/1E 
EMULATOR 


8 > PCO-PC7 
D.3.1 ROM 


To facilitate debugging, the R6500/1 ROM has been re- 
moved from the R6500/1E Emulator, and has been replaced 
by external memory. Also, an additional 1024 bytes of 
memory (400-7FF) are addressabie. 


78> PDO-PD7 


D.3.2 CLOCK OSCILLATOR 


The external frequency reference for the R6500/1E Emulator 
may be either a crystal or a clock. The RC option is not 


available for this device. Figure D-3. R6500/1E Emulator Block Diagram 

D.3.3 INPUT/OUTPUT PORTS D.3.4 WRITE-ONLY MONITORING 

The Н6500/1Е has the internal ИО and CNTR port pull-up The R6500/1E: ailows the user to monitor write operations 
resistance only. The option to delete the pull-up resistance to the internal RAM and МО by routing those operations 
is not included in this device. externally as well as internally. Read operations are not 


routed externally. 
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0.4 R6500/1E ИО PORT INITIALIZATION than in the Н6500/1. It is still required, however, that the 
RES line to ће R6500/1E be held low for at least eight 02 
Ports A, B, C and D and the CNTR line in R6500/1E are clock cycles after VCC reaches operating range and the 02 


initialized to the logic high state two 02 clock cycles earlier clock oscillator has stabilized. 


ood EFEFEF ed ee ei 
RES Ж 8 ф2 clock cycles minimum after $2 clock stabilization ^ | 
R6500/1E АЛ 
1/0 


R6500/1 
E RES transition window 


Don't care state 


0.5 TYPICAL R65004E PROGRAM MEM- this case, type 2716 and 2708 PROMs). Example 1 shows a 


connection to a 2K 2716 PROM. Since the R6500/1 has a 
ORY INTERCONNECTIONS 2K ROM capacity, the contents of the PROM could be 


asked directly into th ction R6500/1 ROM. 
Shown below and on the following page are two typical Т шамды production 


connections between the R6500/1E and program memory (іп 


Example 1. R6500/1E Connected to One 2716 PROM (2K Bytes) 


* SEE R6500/1 DETAILED MEMORY MAP 
Connection Diagram Memory Map 


86500/1Е 
NOT USED 


MET D 
> 
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Example 2 shows a connection to 3K of 2708 PROMs. The program, however, must be reduced to 2K maximum (be- 
extra 1K PROM aliows expanded or additional programs be tween addresses 800 and FFF) before committing to 
used during R6500/1 firmware development. The production R6500/1 ROM. 


Example 2. R6500/1E Connected to Three PROMs (3K Bytes) 


Connection Diagram 


R6500/1E 


2708 NO.3 


Program Memory 


2708 NO.1 Extended Program 
PROM Memory 


NOT USED 


*See R6500/1E Detailed Memory Map 


Truth Table 


Address PROM Select 


2708 No. 2 


2708 No. 1 2808 No. 3 Selected 


CE CE CE Address Range 
1 000-3FF 
1 400-7FF 
1 800-BFF 
0 Coo-FFF 
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D.6 R6500/1E TIMING 


R/W setup time from CPU 
Address setup time from CPU 
Memory read access time 
Data stabilization time 

Data hold time — Read 
Data hold time — Write 
Data delay time from CPU 
RDY setup time 

SYNC delay time from CPU 
Address hold time 

ВАМ hold time 

Cycle Time 


PHASE 2 (02) TIMING REFERENCE 


TIMING FOR READING DATA FROM 
EXTERNAL MEMORY 


ADDRESS FROM 
CPU 


DATA FROM 
MEMORY 


TIMING FOR WRITING DATA TO RAN 
EXTERNAL MEMORY 


ADDRESS FROM 
CPU 


DATA FROM 
CPU 
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0.7 R6500/1E ELECTRICAL CHARACTERISTICS 
(Voc = 5.0 +5%, Vss = 0, Ty, 25°C) 


Characteristic 


Input High Threshold Voltage 
00-07, RDY, 


Input Low Threshold Voltage 
00-07, RDY, 


Three-State (Off State) Input Current 
(V = 0.4 to 2.4V, Усс = 5.25V) 
00-07 


Output High Voltage 
(Коло = 100 џАдс, Усс = 4.75У) 


00-07, SYNC, А0-А11, RW, фо 


Output Low Voltage 
(loan = 1.6 тАйс, Мос = 4.75V) 
00-07, SYNC, А0-А11, RW, $2 | и 


Power Dissipation 


Capacitance 
(М, = 0, ТА = 25°C, f = 1 MHZ) 
RDY 
Do-D7 
А0-А11, RW, SYNC 
ф2 
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MICROPROCESSOR EMULATOR DEVICE 


INTRODUCTION 


The R6500/1EC and R6500/1EQ devices provide all the features 
of the R6500/1 Microcomputer in a ROMless form suitable for 
use as an advanced microprocessor complete with 16 bit counter 
and 32 МО lines, and an address and data bus for АК of external 
memory. 


To aid in designing R6500/1 microcomputer systems, it may also 
be used as an Emulator device. Device architecture is basically 
the same as the R6500/1 except that the address, data, and 


of R6500/1 and R6500/1 common interface signals and 
functions. 


The device is available in both 64-pin DIP ceramic (R6500/1EC) 
and 64-pin QUIP Plastic (R6500/1EQ). 


ORDERING INFORMATION 


associated control lines are routed off the chip for connection Part Package Frequency Temperature 
to an external memory. Number Type Option Range 
А6500/1ЕС Ceramic 1 MHz 0°С to 70°C 

The functions and operation of the devices are identical to the R6500/1EAC Ceramic 2 MHz 0°С to 70°C 
R6500/1 except for minor differences. The R6500/1 Data Sheet В6500/1ЕО Plastic 1 MHz 0°C to 70°C 
Order No. D51 (Document No. 2900D51) contains a description R6500/1EAQ Plastic 2 MHz 0°C to 70°C 
Е 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

В6500/1Е R8500/1EQ 

— ee 


Pin Configuration 


Document No. 29000051$ 
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SIGNAL DESCRIPTIONS 


All R6500/1 interface signals are provided in the device. While 
the pin assignments are different from the R6500/1 in order to 
accommodate the 64-pin package, the interface electrical 
characteristics are identical. The device provides 24 additional 
signals to route the address bus (12 lines), the data bus (8 lines), 
and control signals (4 lines) off the chip for connection to external 
memory. 


MEMORY MAP 


An additional 1024 bytes of memory (400-7FF) are addressable 
in the device. 


EXTERNAL FREQUENCY REFERENCE 


The external frequency reference may be a crystal or a clock 
— the RC option is not available in the device. 


ИО PORT PULLUPS 

The device has internal I/O port pullup resistance only. 
DEVICE ADDITIONAL SIGNALS 

Pin 
No. 
62 


Signal 
Name 


RW 


Description 


Read/Write. The Read/Write output con- 
trols the direction of data transfer between 
the CPU and external memory. This line 
is high when reading data from memory 
and low when writing data to memory. 


RDY 3 Ready. The Ready input delays execution 
of any cycle during which the RDY line is 
low. This allows the user to halt or single 
step the CPU on any cycle except a write 
cycle. A negative transition to the low state 
during the 2 clock low pulse will halt the 
CPU with the address lines containing the 
current address being fetched. If RDY is 
low during a write cycle, it is ignored until 
the following read operation. This condition 
will remain through a subsequent $2 clock 
pulse in which the RDY line is low. 


SYNC 6 Sync. The Sync signal is provided to iden- 
tify those cycles in which the CPU is per- 
forming an OP CODE fetch. SYNC goes 
high during $2 clock-low pulse during an 
OP CODE fetch and stay high for the 
remainder of that cycle. if the RDY line is 
pulled low during the $2 clock low puise 
in which SYNC went high, the CPU will hait 
in its current state and will remain in that 
state until the RDY line goes high. Using 
this technique, the SYNC signal can be 
used to contro| RDY to cause single 
instruction execution. 
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Microprocessor Emulator Device 


Pin 
No. 


Signal 


Name Description 


$2 1 Phase 2 ($2) clock pulse. Data transfer can 


take place only during $2 clock pulse. 


А0-А11 25-32 


34-37 


Address Bus Lines. The address bus buf- 
fers on the device are push/pull type 
drivers capable of driving at least 130 pf 
and one standard TTL load. The address 
bus always contains known data. The 
addressing technique involves putting an 
address on the address bus which is 
known to be either in program sequence, 
on the same page in program memory, or 
at a known point іп memory. The ИО 
addresses are also placed on these lines. 


00-07 Data bus Lines. All transfers of instructions 
and data between the CPU and external 
memory take place on the data bus lines. 
The buffers driving the data bus lines have 
full three-state capability. Each data bus 
pin is connected to an input and an output 
buffer, with the output buffer remaining in 
the floating condition. 
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МО PORT INITIALIZATION 


Ports A, В, С and D and the CNTR line in the device are initial- 
ized to the logic high state two $2 clock cycles earlier than in 
the R6500/1. И is still required, however, that the RES line be 
held low for at least eight 2 clock cycles after МСС reaches 
operating range (Figure 1). 


TYPICAL PROGRAM 
MEMORY INTERCONNECTIONS 


Illustrated are two typical connections between the R6500/1E 
and program memory (in this case, type 2716 and 2708 PROMS). 
Figure 2 shows a connection to a 2K 2716 PROM. Since the 
R6500/1 has a 2K ROM capacity, the contents of the PROM 
could be masked directly into the production R6500/1 ROM. 


Figure 3 shows a connection to 3K of 2708 PROMS. The extra 
1K PROM allows expanded or additional programs be used dur- 
ing R6500/1 firmware development. The production program, 
however, must be reduced to 2K maximum (between addresses 
800 and FFF) before committing to R6500/1 ROM. 


R6500/1E | Microprocessor Emulator Device 


RES TRANSITION 
$2 WINDOW 
не Q 8 92 CLOCK CYCLES MINIMUM „ | DON'T CARE STATE 


R6500/1E 


vo 
PORTS 


Н6500/1 


Figure 1. ИО Port initiailzation 


CONNECTION DIAGRAM MEMORY MAP 


2716 
PROM 
NOT USED 
ВАМ & 1/0* 


Figure 2. Device Connected to One 2716 PROM (2K Bytes) 


FFF 


800 
7FF 


090 
ОВЕ 


0 


000 


04 
05 
06 
07 
A0 
A1 
A2 
A3 
А4 
А5 
Ав 
А? 
A8 
A9 
A1 
ОЕ 
СЕ 
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А6500/1Е Microprocessor Emulator Device 


CONNECTION DIAGRAM MEMORY MAP 


FFF 


2708 No. 3 

PROM 

— — — — _| С00 | PROGRAM 
BFF [| MEMORY 


2708 NO. 2 
PROM 
— _ — 4800 
eee 7FF | EXTENDED, 
R6500/1E PROM ë MEMORY 
400 PROGRAM 
ЗЕЕ 
NOT USED 
090 
* | 08Е 
RAM & ИО 
000 
*SEE DETAILED 
MEMORY MAP 
Figure 3. Device Connected to Three PROMS (3K Bytes) 
TRUTH TABLE 
Address T PROM Select 5 
2708 Мо. 3 2708 No. 2 2808 No. 1 Selected 
A11 A10 CE CE CE Address Range 
0 0 1 1 1 000-3FF 
0 1 1 1 0 400-7FF 
1 0 1 0 1 800-BFF 
1 1 0 1 1 C00-FFF 
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R6500/1E Microprocessor Emulator Device 


DEVICE TIMING 


1 MHz 2 MHz | 
5!дпа! Symbol Min. Max. Min. | Мах. Unit 
R/W setup time from CPU Г. Taws 300 200 ns 
Address setup time from CPU Taps 300 200 ns 
Memory read access time Tacc 525 225 ns 
Data stabilization time Tosu 150 75 ns 
Data hold time — Read ТНА 10 10 ns 
Data hold time — Write THW 30 30 ns 
Data delay time from CPU TMDS 200 150 ns 
RDY setup time TRDY 100 50 ns 
SYNC delay time from CPU TSYNC 350 175 ns 
Address hold time THA 30 30 ns 
АЛУ hold time THRW 30 30 ns 
Cycle Time Tcvc 1.0 10.0 0.5 10.0 uS 
ELECTRICAL CHARACTERISTICS 
(Усс = 5.0 £596, Vss = 0, ТА = 25°C) 
Characteristic 1 Symbol Min Typ | Мах |_ Unit 
Input High Threshold Voltage ViHT 
DO-D7, RDY, Vss + 24 — - Мас 
Input Low Threshold Voltage VILT 
00-07, RDY, - - Vss + 0.8 Мас 
1. 4- 
Three-State (ОН State) Input Current ISI | pA 
(М = 0.4 to 24V, Voc = 5.250) 
D0-D7 — — 10 
Output High Voltage Т Мон 
} (LOAD = 100uAdc, МСС = 4.75У) 
00-07, SYNC, А0-А11, RAW, 62 М55 + 2.4 - — Мас 
Output Low Voltage VOL 
(LOAD = 1.6 mAdc, Voc = 4.75У) 
00-07, SYNC, А0-А11, RAW, $2 — — Vss + 0.6 Мас 
Power Dissipation Pp - 0.75 1.20 уу 
Ы 
Capacitance с pF 
(Vin = 0, Ta = 25°C, f = 1 MHz) 
ROY Cin - - 10 
00-07 = _ 15 
А0-А11, R/W, SYNC Cout - — 12 
$2 Сө? - 50 80 
МО Port Pull-up Resistance RL 3.0 6.0 11.5 kohm 
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R6500/1E 


DETAILED MEMORY MAP 


Microprocessor Emulator Device 


IRQ VECTOR HIGH 
IRQ VECTOR LOW 
RES VECTOR HIGH 
RES VECTOR LOW 
NMI VECTOR HIGH 
NMI VECTOR LOW 


R6500/1 USER PROGRAM 


UNASSIGNED 
CONTROL REGISTER 
UNASSIGNED 


CLEAR PA1 NEG EDGE DETECTED 
CLEAR РАО POS EDGE DETECTED 
UPPER LATCH AND TRANSFER LATCH TO COUNTER 
LOWER COUNT 
UPPER COUNT 
LOWER LATCH 
UPPER LATCH 
PORT D 
PORT C 
PORT B 
PORT А 


UNASSIGNED 
USER RAM 


NOTES: 

(1) Additional 1024 bytes are decoded for external 
memory addressing. This area can be used during 
debut, but cannot be used in a masked ROM 
R6500/1. 

(2) ИО command only; i.e., no stored data. 

(3) Clears Counter Overflow — Bit 7 in Controi Register 

ОВЕ (4) CAUTION: The device allows RAM mapping into 

040-07F, 100-13F, 140-17Е, 200-23F, 240-27F, 

300-33F, and 340-37F; as well as 000-03F. Тһе 
production R6500/1, however allows RAM mapping 
only at 000-03F. 


6 
085 | INPUT/OUTPUT 


TIMING DIAGRAMS 


R/W 
ADDRESS 
FROMCPU 


DATA FROM 
MEMORY 


RDY 


SYNC 


PHASE 2 ($2) TIMING REFERENCE 


Tevc 
0.4V 0.4V 
TIMING FOR WRITING TO МЕМОНУ 
Жаа TRws 
R/W 

ADDRESS — 

FROM CPU 
= Taps 

РАТА ЕВОМ___ 

СРЏ 
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R6500/1E Microproc 


PACKAGE DIMENSIONS 


essor Emulator Device 


R6500/1EC 64-PIN DIP CERAMIC 


3.235 
(82.17 MM) 


а 


NOTE: PIN NO. 1 15 IN LOWER LEFT CORNER WHEN 
SYMBOLIZATION IS IN NORMAL ORIENTATION 


me MAX 
64 
DENOTES PIN NO. 1 гг 
.800 МОМ .900 МОМ 
(20.03 ММ) (22.86 ММ) 
.050 NOM 


(1.27 MM) 


.070 (1.78 MM) 
.080 (2.03 MM) 


.028 (.71 MM) 
.032 (.81 MM) .120 MIN 
(3.05 MM) 
.015 (.38 MM) 
.019 (.48 MM) med an € TOG 


R6500/1EQ 64-PIN QUIP PLASTIC 


1.50 
(3.81 MM) 
—- -«— 
—- “т фу г + 
ECL 64 € Diem 
res | 
| == ых 
.020 ТУР. === = | pod 
(„508 MM) = E | | 
| -3 === | 
= P. e| | 
1.628 ei | | 
(41.35 ММ) | ES PI г 221 | 
i im] = .20 
| Бе com (5.08 ММ) | | 
| ` сн 5 > ү | 
р ; r {е 
| = = 5 " i %% 
т ры = H 
Y cz—132 33 zz ү === aei 
| 680 0.50 НЕЕ 020 ВЕР 
= (17.27 MM)” (1.27 ММ) ТУР 
ТУР 


= (23.495 ММ) —»: 


[e 


.925 


.750 | 


(19.05 ММ) EM | 


^ 


е 


i | 
€ 
64 PIN Q 


UIP 
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INTRODUCTION 


The Rockwell R6500/1EB and R6500/1EAB Backpack Emulator 
is the PROM prototyping version of the 8-bit, masked-ROM 
R6500/1 one-chip microcomputer. Like the R6500/1, the back- 
pack device is totally upward/downward compatible with all 
members of the R6500/1 family. It is designed to accept stan- 
dard 5-voit, 24-pin EPROMs or ROMs directly, in a socket on 
top of the Emulator. This packaging concept allows a standard 
EPROM to be easily removed, reprogrammed, then reinserted 
as often as desired. 


The backpack devices have the same pinouts as the masked- 
ROM R6500/1 microcomputer. These 40 pins are functionally 
and operationally identical to the pins on the R6500/1, with 
some minor differences (described herein). The R6500/1 Micro- 
computer Data Sheet (Rockwell Document No. 29000D51) 
includes a description of the interface signals and their func- 
tions. Whereas the masked-ROM R6500/1 provides 2K bytes 
of read-only memory, the R6500/1EB will address 3K bytes of 
external program memory. This extra memory accommodates 
program patches, test programs or optional programs during 
breadboard and prototype development states. 


ORDERING INFORMATION 


BACKPACK EMULATOR 


Part Memory | Compatible Temperature 
Number Capacity Memories Range and Speed 
R6500/1EB1 [ 2K x 8 2716, 2516 0°C to 70°C 
23168 1 MHz 

R6500/1EB3 3K x8 2732 0°С to 70°C 
1 MHz 

R6500/1EAB3 3K x 8 2732А 0°C to 70°C 
(250 ns) 2 MHz 


SUPPORT PRODUCTS 


Part 
Number Description 


565-101 SYSTEM 65 Microcomputer Development System 
M65-040 PROM Programmer Module 

M65-081 1-MHz R6500/1 Personality Module 

M65-082 2-MHz R6500/1 Personality Module 


3-142 Data Sheet Order No. D60 


Document No. 29000D60 


R6500/1EB and R6500/1EAB 
BACKPACK EMULATOR 


А6500/1ЕВ • R6500/1EAB 
R6500 Microcomputer System 


FEATURES 


е PROM version of the R6500/1 

e Completely ріп compatible with | R8500/1 single-chip 
microcomputers 

Profile approaches 40-pin DIP of R6500/1 

Accepts 5-volt, 24-pin industry-standard EPROMs 

--АК memories—2732, 2732A (3K bytes addressable) 

— 2K memories—2716, 2516, 23168 

Use as prototyping tool or for low volume production 

ЗК bytes of memory capacity (1K, 2K, 4К memories) 

64 x 8 static RAM 

Separate power pin for RAM 

Software compatibility with the R6500 family 

32 bi-directional TTL compatible ИО lines (4 ports) 

1 bi-directional TTL compatible counter I/O line 

16-bit programmable counter/latch with four modes (interval 
timer, pulse generator, event counter, pulse width 
measurement) 

5 interrupts (reset, non-maskable, two external edge sensi- 
tive, counter) 

Crystal or external time base 

Single +5V power supply 


R6500/1E:B-R6500/1EAB Backpack Emulator 


Rev. 2, March 1984 


R6500/1EB and R6500/1EAB 


Backpack Emulator 


CONFIGURATIONS 


The Backpack Emulator is available in three different versions, 
to accommodate various 24-pin 2K- and 4K-memories and 
speeds. All three versions provide 64 bytes of RAM and I/O, as 
well as 24 signals to support the externa! memory ‘‘backpack”’ 
socket. The 24 backpack signals differ somewhat between 
versions (due to memory pin differences) but always consist of 
the address bus (12 lines), the data bus (8 lines) and the OE, CE, 
Voc and Vss signals (one line each). See the Interface Diagram. 


The external memories must always occupy the upper 2K of 
available memory (addresses 800 through FFF) for implemen- 
tation of Interrupt vectors. See Memory Map. The Backpack 
Emulator provides a read block to the external memory where 
internal RAM or I/O are located in the same addresses as that 
occupied by external memory. 


EXTERNAL FREQUENCY REFERENCE 


The external frequency reference may be a crystal or a clock— 
the RC option is not available in the emulator device. The 
R6500/1EB and R6500/1EAB divide the input clock by two 
regardless of the source. 


1/0 PORT PULLUPS. 


The emulator devices have internal /О port pullup resistors. 


TEST MODE DELETED 


The test mode of the R6500/1 is not available on the Backpack 
Emulator. 


PRODUCT SUPPORT 


The Backpack Emulator is just one of the products that Rockwell 
offers to facilitate system and program development for the 
R6500/1. 


The SYSTEM 65 Microcomputer Development System with 
R6500/1 Personality Module supports both hardware and soft- 
ware development. Complete in-circuit user emulation with the 
R6500/1 Personality Module allows total system test and evalua- 
tion. With the optional PROM Programmer, SYSTEM 65 can also 
be used to program EPROMS for the development activity. When 
PROM programs have been finalized, the PROM device can be 
sent to Rockwell for masking into the 2K ROM of the R6500/1. 


In addition to support products, Rockwell offers regularly- 
Scheduled designer's courses at regional centers. 


УСС, VSS 


24 PROM/ROM 
PINS 


OSCILLATOR 


NMi 
VCC, VAR, VSS 
РАО-РА7 


40 R6500/1 
COMPATIBLE PINS 


R6500/1EB Interface Diagram 


R6500/1EB and R6500/1EAB 


DETAILED MEMORY MAP 


IRQ VECTOR HIGH 
IRQ VECTOR LOW 
RES VECTOR HIGH 
RES VECTOR LOW 
NMI VECTOR HIGH 
NMI VECTOR LOW 


R6500/1 USER PROGRAM 


R6500/1EB EXTENDED PROGRAM AREA (1) 


UNASSIGNED 
CONTROL REGISTER 


CLEAR РА1 NEG EDGE DETECTED 
CLEAR РАО POS EDGE DETECTED 


UPPER LATCH AND TRANSFER 
LATCH TO COUNTER 


LOWER COUNT 
UPPER COUNT 
LOWER LATCH 
UPPER LATCH 


UNASSIGNED 
USER RAM 


NOTES 

(1) Additional 1024 bytes are decoded for external memory 
addressing by the Backpack Emulator Device. This area can 
be used during debut, but cannot be used in a masked ROM 
R6500/1. (Avaliabie only on R6500/1EB3s) 

(2) VO command oniy; i.e., no stored data. 

(3) Clears Counter Overflow—Bit 7 in Control Register 

(4) CAUTION: The device allows RAM mapping into 040-07F, 
100-13F, 140-17F, 200-23F, 240-27F, 300-33F, and 340-37F; 
as well as 000-03F. The production R6500/1, however 
aliows RAM mapping oniy at 000-03F. 


RAM MAPPING 


The Backpack Emulator allows RAM mapping into 040-07F, 
100-13F, 140-17F, 200-23F, 240-27F, 300-33F and 340-37F, as 
well as 000-03F. The production R6500/1, however, allows RAM 
mapping only at 000-03F. This means that a write to location 
40, for example, will write to location 0 in the Backpack Emulator, 
and to invalid RAM in the R6500/1 production part. 


ИО PORT INITIALIZATION 


Ports A, B, C, and D and the CNTR line in the Backpack 
Emulator are initialized to the logic high state two $2 clock 
cycles earlier than in the R6500/1. The RES line to the device 
must, however, still be held low for at least eight 02 clock 
cycles after Vcc reaches operating range. See timing diagram. 
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Backpack Emulator 


BACKPACK MEMORY SIGNAL 


DESCRIPTION 
a 


Pin No. 


95-115, 
135-175 


— 
Description 


Data Bus Lines. All instruction and data 
transfers take place on the data bus lines. The 
buffers driving the data bus lines have full three- 
State capability. Each data bus pin is connected 
to an input and an output buffer, with the out- 


put buffer remaining in the floating condition. 
А0-А9 15-85, 
235, 245 


Address Bus Lines. Тһе address bus lines are 
buffered by push/pull type drivers that can drive 
one standard TTL load. 


A10 195 Address Bus Line 10. This address line has the 
same characteristics and functions as Lines 


А0-А9. 


Chip Enable. In the R6500/1EB1, CE is 
active when the address is 800-FF. In the 
R6500/1EB3 and R6500/1EAB3, CE is 
active when the address is 400-FFF. This line 
can drive one TTL load. 


185 


Memory Enable Line. This signa! provides the 
output enable for the memory to place informa- 
tion on the data bus lines. This signal is driven 
by the R/W signal from the CPU and then 
inverted by a standard TTL. inverter, to form OE. 


Main Power Supply +&V. This pin is tied 
directly to pin 30 (Усс). 


Main Power Supply 45V. This pin is tied 
directly to pin 30 (Усс), except in the 
В6500/1 ЕВЗ and R6500/1IEAB3, where it is tied 
to A11. During backup power, power is supplied 
only to the RAM memory, and not to the 
PROMs. 


Signal and Power Ground (zero volts). This pin 
is tied directly to ріп 12 (М5). 


Усс 


Усс/А11 | 213 


125 


у 40 


1 
PB; (e А87 зә |у RES 
PD6 3 A9 38 РАО 
PD5 4 Vcc/A110)37 PA1 
PDA 5 ОЕ з6[] РА2 
РОЗ 6 РАЗ 
РО2 7 РА4 
РОТ 8 РА5 
PDO РА6 
XTL1 PA7 
у E 
РЕ PBI 
PC6 24-РІМ SOCKET PB2 
PC5 РВЗ 
РСА РВ4 
РСЗ РВ5 
PC2 PB6 
РС? РВ7 
PCO CNTR 


МОТЕ: (1) PIN 21 IS Усс FOR R6500/1EB1 OR A11 FOR 
R6500/1EB3 


Pin Configuration 


R6500/1EB and R6500/1EAB Backpack Emulator 


READ TIMING CHARACTERISTICS 


Signai 


OE setup time from CPU 
Address setup time from CPU 
Memory read access time 
Data stabilization time 

Data hold time—Read 
Address hold time 

ОЕ hold time 

Cycle Time 


READ TIMING WAVEFORMS 


ф2' 


ОЕ 
ADDRESS FROM 


CPU 


DATA FROM 
MEMORY 


Tosu 
* $2 iS SHOWN FOR REFERENCE ONLY АМО IS NOT AVAILABLE EXTERNAL TO THE DEVICE. 


ИО PORT INITIALIZATION TIMING |] 
$2 
RES 8 $2 CLOCK CYCLES MINIMUM 
R6500/1EB қа 
о 
PORTS  Resoon УК HN 
ES RES TRANSITION WINDOW 
NY DON'T CARE STATE 
= z 
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R6500/1EB and R6500/1EAB 


ELECTRICAL CHARACTERISTICS 
(Усс = 5.0 + 5%, Vss = 0, T, = 25°C) 


Characteristic Symbol Min | Тур Мах Unit 
input High Threshold Voltage Мит 
00-07 Vss + 2.4 — - Мас 
Input Low Threshold Voltage Vier | 
00-07 — — Vss + 0.8 Vdc 
Three-State (Off State) Input Current На ҺА 
(V = 0.4 о 24V, Vec = 5.25V) 
00-07 — IE — 10 
Output High Voltage Мон 
(Коло = 1004 Адс, Voc = 4.750) 
00-07, А0-А11, ОЕ Vss + 2.4 — -- Мас 
— — 
Output Low Voltage Vor 
(Коло = 1.6 MAdG, Мос = 4.75У) 
00-07, А0-А11, ОЕ — — Vss + 0.6 Мас 
Power Dissipation РЬ — 0.80 1.30 уу 
Сарасйапсе с pF 
(Vi, = 0, T, = 25°C, f = 1 MHz) 
00-07 Cin - -- 15 
А0-А11 Cout — — 12 
/О Port Pull-up Resistance А 3.0 6.0 11.5 kohm 
PACKAGE DIMENSIONS 
40-PIN BACKPACK 
21 
=. зз Ет а а сн ћи не 
тг ШІ | 
І Џ 
0.720 0.598 Гу | 1 EI 5 
MAX MAX Г | о | 
| ЈЕ 
nod LOU] | 
тан кака сакаш, S 
Е 20 
РІМ 1 1 
IDENTIFICATION (7-7 7 72.020 MAX — — — M 
^| je 0.050 £.020 
| 1.220 MAX 
үре ----———————————— 0.185 
0.300 ax | МАХ 
м МАХ | ежи им AERE eo Е 
| Cur un um РЕ 
0.810 ТАТА ] "Ta у ) 
eile + oz 0.040 | ІШЕ ІШ ЕЕ || | 
ТУР +.020 ЧУ: 
|. 0.598 ____| 0.058 +.015 —| |--- eid | 0:850, түр 0.125 
Е BOTH ENDS --- F 0.108 #.810 TYP ово TYP - Mei MIN 
т REF 7 


3-146 


Backpack Emulator 
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R6500/11« R6500/12 


R6500/11 AND R6500/12 


ONE-CHIP MICROCOMPUTERS 


Rockwell 


SECTION 1 
INTRODUCTION 


.1 FEATURES OF THE R6500/11 & /12 


Enhanced 6502 CPU 
— Four new bit manipulation instructions: 
Set Memory Bit (SMB) 
Reset Memory Bit (RMB) 
Branch on Bit Set (BBS) 
Branch on Bit Reset (BBR) 
— Decimal and binary arithmetic modes 
— 13 addressing modes 
—True indexing 
3K-byte mask-programmable ROM 
192-byte static RAM 
32 TTL-compatible YO lines (R6500/11) 
56 TTL-compatible ИО lines (R6500/12) 
One 8-bit port may be tri-stated under software control 
One 8-bit port with programmable latched input 
Two 16-bit programmable counter/timers, with latches 
—Pulse width measurement 
—Asymmetrical pulse generation 
— Pulse generation 
— Interval timer 
—Event counter 
— Retriggerable interval timer 
Serial port 
—Full-duplex asynchronous operation mode 
— Selectable 5- to 8-bit characters 
— Wake-up feature 
—Synchronous shift register mode 


—Standard programmable bit rates, programmable up to 


62.5K bits/sec @ 1 MHz 
Ten interrupts 
— Four edge-sensitive lines; two positive, two negative 
— Reset 
—Non-maskable 
— Two counter underflows 
— бега! data received 
— Serial data transmitted 
Bus expandable to 16K bytes of external memory 


e Flexible clock circuitry 
--2-МН2 or 1-MHz internal operation 
— Internal clock with extemal 2 MHz to 4 MHz series 
resonant XTAL at two or four times internal frequency 


—External clock input divided by one, two or four 

1р5 minimum instruction execution time (2 2 MHz 
NMOS-3 silicon gate, depletion load technology 

Single +5V power supply 

12 mW stand-by power for 32 bytes of the 192-byte RAM 
40-pin DIP (В6500/11) 

64-pin QUIP (R6500/12) 


1.2 SUMMARY 


The Rockwell R6500/11 or R6500/12 is a complete, high-per- 
formance 8-bit NMOS-3 microcomputer on a single chip, and 
is compatible with all members of the R6500 family. 


The R6500/11 consists of an enhanced 6502 CPU, an internal 
clock oscillator, 3072 bytes of Read-Only Memory, 192 bytes 
of Random Access Memory (RAM) and versatile interface cir- 
cuitry. The interface circuitry includes two 16-bit programmable 
timer/counters, 32 bidirectional input/output lines (including four 
edge-sensitive lines and input latching on one 8-bit port), a full- 
duplex serial /O channel, ten interrupts and bus expandability. 


The R6500/12 consists of all the features of the R6500/11 plus 
three additional I/O ports. | is packaged іп a 64 ріп QUIP. 


The innovative architecture and the demonstrated high perfor- 
mance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of com- 
putational power. These features make either device a leading 
candidate for microcomputer applications. 


To allow prototype circuit development, Rockwell offers a 
PROM-compatible 64-pin extended microprocessor device. This 
device, the R6511Q, provides all R6500/11 interface lines, plus the 
address bus, data bus and control lines to interface with external 
memory. With the addition of external circuits it can also be used to 
emulate the R6500/12 (contact Rockwell offices for details). 


НН 


Document Мо. 29651N23 


Product Description Order No. 2119 
Rev. 3, March 1984 


R6500/11 and R6500/12 


A backpack emulator, the R65/11EB, is available for devel- 
oping R6500/11 applications. No backpack part is available 
for the R6500/12. 


The R6511Q may also be used as а CPU-RAM-I/O counter 
device in multichip systems. 


Rockwell supports development of the devices with the 
System 65 Microcomputer Development System and the 
R6500/* Family of Personality Modules. Complete in-circuit 
emulation with the R6500/* Family of Personality Modules 
allows total system test and evaluation. 


This product description is for the reader familiar with the 
R6502 CPU hardware and programming capabilities. A 
detailed description of the 86502 CPU hardware is included 
in the R6500 Microcomputer System Hardware Manual (Order 
Number 201). A description of the instruction capabilities of 
the R6502 CPU is contained in the R6500 Microcomputer 
System Programming Manual (Order Number 202). 
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1.3 CUSTOMER OPTIONS 


The R6500/11 microcomputer is available with the following 
customer specified mask options: 


e Option 1 Crystal or RC oscillator 

e Option2 Clock divide by 2 or 4 

e Option З Clock MASTER Mode ог SLAVE Mode 

e Option 4 Port A with or without тета pull-up resistors 
e Option 5 Port B with or without internal pull-up resistors 
e Option 6 Port C with or without internal pull-up resistors 


All options should be specified on an R6500/11 order form. 
The R6500/12 is available with all of the above options plus: 


e Option 7 Port F with or without internal pull-up resistors 
e Option 8 Port G with or without internal pull-up resistors 
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INTERFACE REQUIREMENTS 


This section describes the interface requirements for the single chip microcomputer devices. Figure 2-1 is the Interface Diagram for the 
devices, Figure 2-2 and Figure 2-3 show the mechanical outline and pin out configurations and Table 2-1 describes the function of each 


pin. Figure 3-1 has a detailed block diagram of the device which illustrates its internal functions. 


XTLO R6500/11 
XTLI CLOCK 
OSCILLATOR FDGE DETECT 
Var 
RES 
INTERRUPT 
NMI LOGIC 


CONTROL 
REGISTERS 


16 BIT SERIAL RECEIVE, 


COUNTER/LATCHES TRANSMIT 
REGISTERS 


PGO-PG7 
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*MULTIPLEXED FUNCTION PINS 


РАО-РА7 (РАО, PA1, 
POSITIVE: PA2, РАЗ 
NEGATIVE EDGE DETECTS) 


РВО-РВ7 (LATCHED INPUTS) 


DS(PAO) (INPUT DATA STROBE)* 


РСО-РСТЦАО-АЗ, A12, 
R/W, A13, EMS) 


PDO-PD7/ 
(DATA/ADDR BUS (A4-A11)) 


<<» СА (PA4)* 
<> CB (PA5)* 


SO (PA6)* 
SI (РА7)* 


Figure 2.1 interface Diagram 
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DOT OR NOTCH 
TO LOCATE 
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2.050 MAX 
(57.30 MM) 


у 201 
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(7.87 MM) 
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Бове] 


0,100 MIN 


(2.54 MM) 
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(3.93 MM) 


и 


+ 0.010 MIN 
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> 
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0.100 <. TOL NONCUM. 
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2 A | 


0.500 МАХ ТУР. ТУР. 
| cs: ww Г {1.85 MM) 0.065 (0.55 MM) 0.022 
(1.01 MM) 0.040 — (0.45 MM) 0.018 
10 MAX 
0.690 ТУР 
(15.07 Мм) 
40 PIN DIP 


Figure 2-2. 


А6500/11 Mechanical Outline and Pin Out Configuration 


1.50 
(3.81 мм) 
=» -- 


— 


1828 
(41.35 MM) 


47 = РЕ? ] 


—— saovds тупоа i£ —- 


т 


кле 

080 ВЕР À f 
.580 (127 MM) A 
[ч<+——— (17.27 ММ) —— ТУР 


825 
----- (23.465 ММ) 


84 РІМ QUIP. 


Figure 2-3. R6500/12 Mechanical Outline and Pin Out Configuration 
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Table 2-1. Н6500/11 and R6500/12 Pin Descriptions 
Pin Number 


Signai Name R6500/11 R6500/12 Description 
21 50 


Усс Main power supply +5М 

Уан 39 12 Separate power pin for RAM. In the event that Vcc power is lost, this power retains 
RAM data. 

Vss 40 11 Signal and power ground (0%) 

XTLI 2 10 Crystal or clock input for internal clock oscillator. Also allows input of X1 clock 


signal if XTLO is connected to Vss, or X2 or X4 clock if ХТЕО is floated. 
XTLO 1 9 Crystal output from internal clock oscillator. 
RES 20 41 The Reset input is used to initialize the device. This signal must not transition from 


low to high for at least eight cycles after Vcc reaches operating range and the 
internal oscillator is stabilized. 


#2 3 13 Clock signal output at internal frequency. 

NMI 22 51 A negative going edge on the Non-Maskable Interrupt signal requests that а поп- 
maskable interrupt be generated within the CPU. 

РАО-РА7 30-23 64-57 Four 8-bit ports used for either input/output. Each line of Ports A, В and С consist 

РВО-РВ7 38-31 8-1 of an active transistor to Vss and an optional passive pull-up to Усс. In the abbre- 

PCO-PC7 4-11 25-32 viated or multiplexed modes of operation Port C has an active puil-up transistor. 

PDO-PD7 19-12 40-33 Port D functions as either ап 8-bit input ог 8-bit output port. К has active pull-up 
and pull-down transistors. 

PEO-PE7 N/A 49-42 For the R6500/42, the 64 pin QUIP version, three additional ports (24 lines) are 

PFO-PF7 N/A 24-17 provided. Each line consists of an active transistor to Vss. PFO-PF7 and PGO-PG7 

PGO-PG7 N/A 52-56 are bidirectional, and an optional passive pull-up to Усс is provided. РЕО-РЕ7 is 

4 outputs only with an active pull-up. All ports will source 100 uamps. at 2.4v except 


14-16 port E (PEO-PE7) which will source 1 ma. at 1.5v. 
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SECTION 3 
SYSTEM ARCHITECTURE 


This section provides a functional description of the devices. 
Functionally they consist of a CPU, both ROM and RAM 
memories, four 8-bit parallel ИО ports (seven in the 64-pin 
R6500/12), а serial ИО port, dual counter/latch circuits, 
a mode control register, and an interrupt flag/enable dual 
register circuit. A block diagram of the system is shown in 
Figure 3-1. 


NOTE 


Throughout this document, unless specified otherwise, 
all memory or register address locations are specified 
in hexadecimal notation. 


3.1 CPU LOGIC 


The internal CPU is a standard 6502 configuration with an 
8-bit Accumulator register, two 8-bit Index Registers (X and 
Y); an 8-bit Stack Pointer register, an ALU, a 16-bit Program 
Counter, and standard instruction register/decode and internal 
timing control logic. 


3.1.1 Accumulator 


The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 


3.1.2 Index Registers 


There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address—the sum of 
the program counter contents and the index register contents. 


When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address, 
and modifies the address тот memory by adding the index 
register to it prior to loading or storing the value of memory. 


Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 


3.1.3 Stack Pointer 


The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack manipulation in response to either 
user instructions, an internal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the user program. 


The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 
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location is stored (or "pushed") anto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1. The Stack Pointer is then placed on the Address Bus, and 
data are read from the memory location addressed by the 
Pointer. 


The stack is located on zero page, i.e., тетогу locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF . 


3.1.4 Arithmetic And Logic Unit (ALU) 


А! arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 


Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 


3.1.5 Program Counter 


The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 


3.1.6 Instruction Register and Instruction Decode 


Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 


3.1.7 Timing Control 


The Timing Control Logic keeps track of the specific instruc- 
lion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 
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3.1.8 Interrupt Logic 


Interrupt logic controls the sequencing of three interrupts; 
RES, NMI and IRQ. IRQ is generated by any one of eight 
conditions: 2 Counter Overflows, 2 Positive Edge Detects, 
2 Negative Edge Detects, and 2 Serial Port Conditions. 


3.2 NEW INSTRUCTIONS 


іп addition to the standard 6502 instruction set, four instruc- 
tions have been added to the devices to simplify operations 
that previously required a read/modify/write operation. In 
order for these instructions to be equally applicable to any 
ГО ports, with or without mixed input and output functions, 
the I/O ports have been designed to read the contents of the 
specified port data register during the Read cycle of the read/ 
modify/write operation, rather than I/O pins as in normal read 
cycles. The added instructions and their format are explained 
in the following subparagraphs. Refer to Appendix A for the 
Op Code mnemonic addressing matrix for these added 
instructions. 


3.2.1 Set Memory Bit (SMB т, Addr.) 


This instruction sets to “1” one of the 8-bit data field specified 
by the zero page address (memory or /О port). The first byte 
of the instruction specifies the SMB operation and 1 of 8 bits 
to be set. The second byte of the instruction designates 
address (00-FF) of the byte or VO port to be operated upon. 


3.2.2 Reset Memory Bit (RMB m, Addr.) 


This instruction is the same operation and format as SMB 
instruction except a reset to "0" of the bit results. 


3.2.3 Branch On Bit Set Relative (BBS m, Addr, 
DEST) 


This instruction tests one of 8 bits designated by a three bit 
immediate field within the first byte of the instruction. The 
Second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
МО ports). The third byte of the instruction is used to specify 
the 8 bit relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
Sequential instruction is executed. 


3.2.4 Branch On Bit Reset Relative (BBR m, 
Addr, DEST) 


This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested 
is a "0". 
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3.3 READ-ONLY-MEMORY (ROM) 


The ROM consists of 3072 bytes (3K) mask programmable 
memory with an address space from F400 to FFFF. ROM 
locations FFFA through FFFF are assigned for interrupt and 
reset vectors. 


3.4 RANDOM ACCESS MEMORY (RAM) 


The RAM consists of 192 bytes of read/write memory with 
an assigned page zero address of 0040 through OOFF. The 
R6500/11 provides a separate power pin (Уан) which may be 
used for standby power for 32 bytes located at 0040-005F. 
In the event of the loss of Мс power, the lowest 32 bytes of 
RAM data will be retained if standby power is supplied to the 
Var pin. If the RAM data retention is not required then Var 
must be connected to Vcc. During operation Уаң must be at 
the Vec level. 


For the RAM to retain data upon loss 0° Voc, Vag must be 
supplied within operating range and RES must be driven low 
at least eight 02 clock pulses before Vec falls out of operating 
range. RES must then be hel low while Vec is out of oper- 
ating range and until at least eight 02 clock cycles after Vec 
is again within operating range and the internal 22 oscillator 
is stabilized. Vaz must remain within Vec operating range 
during normal operation. When Vec is out of operating range, 
Var must remain within the Ман retention range in order to 
retain data. Figure 3.2 shows typical waveforms. 


RAM OPERATING MODE RAM RETENTION MODE 


EUM NE 


----і- 
o ce “= kao 
1 INITIAL APPLICATION OF Усс AND Vnn- 

2 LOSS OF Ус, RAM ON STANDBY POWER. 

3 REAPPLICATION OF Усс. 

а >8 62 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 
5 >8 02 CLOCK PULSES. 


Figure 3-2. Data Retention Timing 
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3.5 CLOCK OSCILLATOR 


Three customer selectable mask options are available for 
controlling the device timing. It can be ordered with a crystal 
or RC oscillator, a divide by 2 or divide by 4 countdown net- 
work and for clock master mode or clock slave mode 
operation. 


For 2 MHz internal operations the divide by two option must 
be specified. 


А reference frequency can be generated with the on-chip 
oscillator using either an external crystal or an external resistor 
depending on the mask option selected. The oscillator ref- 
erence frequency passes through an internal countdown net- 
work (divide by 2 or divide by 4 option) to obtain the internal 
operating frequency (see Figure 3-3a and 3-3b). The external 
crystal generated reference frequency is a preferred method 
since the resistor method can have tolerances approaching 
50%. 


Note: 
When operating at a 1 MHz internal frequency place 
a 15-22 pf capacitor between XTLO and ground. 


XTLI бт = 1 MHz 
А = 2.4K R6500/11 
for 2 MHz 

XTLO fexr = 2X finr 


а. Resistor Input 


XTLI 
fir = 2 MHz 
2-6 MHz С) R6500/11 
XTLO fexr = 2X or 4X fint 


b. Crystal Input 


Усс 
3000 
2-4 MHz XTLI fir = 2 MHz 
R6500/11 
f = 2X or 4X f, 
NC С XTLO EXT INT 


Vcr 
3000 
1-2 MHz XTLI fiyr = 1 or 2 MHz 
R6500/11 
хо  ÍEXT = fnr 


Vss = 


c. Clock Inputs 


Figure 3-3. Clock Oscillator Input Options 
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Internal timing can also be controlled by driving the XTLI pin 
with an external frequency source. Figure 3-3c shows typical 
connections. If XTLO is left floating, the external source is 
divided by the internal countdown network. However, if XTLO 
is tied to Vss, the internal countdown network is bypassed 
causing the chip to operate at the frequency of the external 
source. 


The operation described above assumed a CLOCK MASTER 
MODE mask option. In this mode a frequence source (crystal, 
RC network or external source) must be applied to the XTLI 
and XTLO pins. 02 is a buffered output signal which closely 
approximates the internal timing. When a common external 
source is used to drive multiple devices the internal timing 
between devices as well as their 02 outputs will be skewed 
in time. If skewing represents a system problem it can be 
avoided by’the Master/Slave connection and options shown 
in Figure 3-4. 


One device is operated in the CLOCK MASTER MODE and 
a second in the CLOCK SLAVE MODE. Mask options in the 
SLAVE unit convert the #2 signal into a clock input pin which 
is tightly coupled to the internal timing generator. As a result 
the internal timing of the MASTER and SLAVE units are syn- 
chronized with minimum skew. If the #2 signal to the SLAVE 
unit is inverted, the MASTER and SLAVE UNITS WILL 
OPERATE OUT OF PHASE. This approach allows the two 
devices to share external memory using cycle stealing 
techniques. 


6500/11 OR /12 


@2 (OUTPUT CLOCK) 


= МАЗТЕА 


___ INVERTER USED 
| WHEN SLAVE IS 
| TO OPERATE 
L.—1-—3 OUT OF PHASE 
WITH MASTER 


6500/11 OR /12 


Figure 3-4. Master/Slave Connections 
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3.6 MODE CONTROL REGISTER (MCR) 


The Mode Control Register contains control bits for the mul- 
tifunction ЏО ports and mode select bits for Counter A and 
Counter B. Its setting, along with the setting of the Serial 
Communications Control Register (SCCR), determines the 
basic configuration of the device in any application. Initial- 
izing this register is one of the first actions of any software 
program. The Mode Control Register bit assignment is shown 
in Figure 3-5. 


Addr 0014 


Mode Select 

0 — — 0 Interval Timer 

$ —— 1 Pulse Generation 
1—— 0 Event Counter 


Counter B 
Mode Select 


Bus Mode Select 


9 0 Interval Timer 
0 —— 1 Asymmetric Pulse Generation 
1 —— 0 Event Counter 
1 1 Retriggerable Interval Timer 
Port B Latch 
{1 = Enabled) 
L Port D Tri-State 
{0= Tri State High Impedance Mode) 


0 —— X Normal 
1—— 0 Abbr. Bus 
1——- 1 Миха Bus 


1— — 1 Pulse Width Meas. 


Figure 3-5. Mode Control Register 
The use of Counter A Mode Select is shown in Section 6.1. 
The use of Counter B Mode Select is shown in Section 6.2. 
The use of Port B Latch Enable is shown in Section 4.4. 


The use of Port D in Tri-State Enable is shown in Section 
4.6. 


The use of Bus Mode Select is shown in Section 4.5 and 4.6. 
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3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (IER) 


An IRQ interrupt request can be initiated by any or all of eight 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the aopropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
simultaneous interrupts will cause the IRQ interrupt request 
to remain active until all interrupting conditions have been 
serviced and cleared. 


The interrupt Flag Register contains the information that 
indicates which: I/O or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 
0010. The RMB X, (0010) instruction reads FF, modifies bit 
X to a "0", and writes the modified value at address location 
0011. In this way IFR bits set to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. A logic "1" is ignored when writing to 
edge detect IFR bits. 


Each IFR bit has a corresponding bit in tre Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the 
respective bit position at location 0012. Individual IER bits 
may be cleared by writing a "0" in the respective bit position, 
or by RES. If set to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1. 
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Addr 0012 


Addr 0011 


PAO Positive 
Edge Detect 
PA1 Positive 

Edge Detect 

PA2 Negative 

Edge Detect 

PA3 Negative 

Edge Detect 

Counter A 

Underflow Flag 

Counter В 

Underfiow Flag 

Receiver 


Flag 
XMTR 


Flag 


Figure 3-6. Interrupt Enable and Flag Registers 


Table 3-1. Interrupt Flag Register Bit Codes 
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1 


BIT 

CODE FUNCTION 

IFR 0: PAO Positive Edge Detect Flag—Set to a "1" when a positive going edge is detected on PAO. 
Cleared by RMB O (0010) instruction or by RES. 

(FR 1: РА1 Positive Edge Detect Flag—Set to a 1 when a positive going edge is detected оп РАТ. 
Cleared by RMB 1 (0010) instruction or by RES. 

IFR 2: PA2 Negative Edge Detect Flag—Set to a 1 when a negative going edge is detected on PA2. 
Cleared by RMB 2 (0010) instruction or by RES. 

IFR 3: PA3 Negative Edge Detect Flag— Set to 1 when a negative going edge is detected on PA3. 
Cleared by RMB 3 (0010) instruction or by RES. 

IFR 4: Counter A Underflow Flag— Set to a 1 when Counter A underflow occurs. Cleared by reading 
the Lower Counter A at location 0018, by writing to address location 001A, or by RES. 

IFR 5: Counter В Underflow Flag— Set to а 1 when Counter B underflow occurs. Cleared by reading 
the Lower Counter B at location 001C, by writing to address location 001E, or by RES. 

IFR 6: Receiver Interrupt Flag—Set to a 1 when any of the Serial Communication Status Register bits 
0 through 3 is set to a 1. Cleared when the Receiver Status bits (SCSR 0-3) are cleared or by 
RES. 

IFR 7: Transmitter Interrupt Flag—Set to a 1 when SCSR 6 is set to a 1 while SCSR 5 is a 0 ог SCSR 
7 is set to a 1. Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8 PROCESSOR STATUS REGISTER 


The 8-bit Processor Status Register, shown in Figure 3-7, 
contains seven status flags. Some of these flags are con- 
trolled by the user program; others may be controlled both 
by the user’s program and the CPU. The R6502 instruction 
set contains a number of conditional branch instructions 
which are designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. 


3.8.1 Carry Bit (C) 


The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic O if no carry 
occurred as the result of arithmetic operations. 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY,LSR, PLP, ROL, ROR, ATi, 
and SBC. 


3.8.2 Zero Bit (Z) 


The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 
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zero. This bit is cleared to logic 0 when the resultant 8 bits 
of a data movement or calculation operation are not ail zero. 
The R6500 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, 
affected by the following instructions; ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, ECR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, ATI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 


3.8.3 Interrupt Disable Bit (I) 


The Interrupt Disable Bit (I) is used to control the servicing 
of an interrupt request (IRQ). If the | Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1, the 
IRQ signal will be ignored. The CPU will set the interrupt 
Disable Bit to logic 1 if a RESET (RES), IRQ, or Non-Mask- 
able Interrupt (NMI) signal is detected. 


The I bit is cleared by the Clear Interrupt Mask Instruction 
(СИ) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit is set by the BRK Instruction. The Return from Inter- 
rupt (RTI) and Pull Processor Status (PLP) instructions will 
also affect the | bit. 


CARRY (С) (Г) 


1= Carry Set 
0 = Carry Clear 


ZERO ec 


1 = Zero Result 
= Non-Zero Result 


INTERRUPT DISABLE (1) 3) 


1 = IRQ Interrupt Disabled 
0 = IRQ interrupt Enabled 


DECIMAL MODE (010) 


1 = Decimal Mode 
0 = Binary Mode 


BREAK COMMAND (В) (Т) 


1 - Break Command 
0 = Non Break Command 


L 


DVERFLOW (O)(T) 


1= Dverflow Set 
0 = Overflow Clear 


NOTES _ 
о Not initialized by RES 
@ Set to Logic 1 by RES 


NEGATIVE (N) © 


1= Negative Value 
0- Postive Value 


Figure 3-7. Processor Status Register 
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3.8.4 Decimal Mode Bit (D) 


The Decimal Mode Bit (D), is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1, the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the programmer. Тһе Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction will clear it. The PLP and RT! instruc- 
tions also effect the Decimal Mode Bit. 


CAUTION 


The Decimal Mode Bit will either set or clear in an 
unpredictable manner upon power application. This bit 
must be initialized to the desired state by the user pro- 
gram or erroneous results may occur. 


3.8.5 Break Bit (B) 


The Break Bit (B) is used to determine the condition which 
caused the IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU executed a BRK 
command, the Break Bit will be set to logic 1. If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no 
instructions which can set or clear this bit. 


3.8.6 Overflow Bit (V) 


The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 = п = 127). 


This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or —128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 


The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction which may be used to sample interface 
devices, allows the overflow flag to reflect the condition of bit 
6 in the sampled field. During a BIT instruction the Overflow 
Bit is set equal to the content of the bit 6 on the data tested 
with BIT instruction. When used in this mode, the overflow 
has nothing to do with signed arithmetic, but is just another 
sense bit for the microprocessor. Instructions which affect the 
V flag are ADC, BIT, CLV, PLP, RTI and SBC. 


3.8.7 Negative Bit (N) 


The Negative Bit (N) is used to indicate that the sign bit (bit 
7), in the resulting value of a data movement or data arith- 
metic operation, is set to logic 1. If the sign bit is set to logic 
1, the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The 
instructions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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SECTION 4 
PARALLEL INPUT/OUTPUT PORTS 


The R6500/11 has 32 V/O lines grouped into four 8-bit ports 
(PA, PB, PC, and PD). Ports A through C may be used either 
for input or output individually or in groups of any combina- 
tion. Port D may be used as all inputs or all outputs. 


The R6500/12, a 64 pin QUIP device, has three additional 
ports: PE, PF and PG. PE is outputs only; PF and PG are 
bidirectional. 


Multifunction /О% such as Port A and Port C are protected 
from normal port I/O instructions when they are programmed 
to perform a multiplexed function. 


internal pull-up resistors (FET's with an impedance range of 
ЗК = Rpu = 12K ohm) may be provided on all port pins 
except Port D and E as a mask option. 


The direction of the I/O lines are controlled by four 8-bit port 
registers located in page zero. This arrangernent provides 
quick programming access using simple two-byte zero page 
address instructions. There are no direction registers asso- 
ciated with the ИО ports, which simplifies ИО handling. The 
ИО addresses are shown in Table 4-1. Section E.6 shows 
the /О Port Timing. 


Table 4-1. МО Port Addresses 
Port Address 

A 0000 
B 0001 
с 0002 
D 0003 
E 0004 

| F 0005 
G 0006 

4.1 INPUTS 


Inputs for Ports A, B, and C and also Ports F and G of the 
R6500/12 are enabled by loading logic 1 into all /О port reg- 
ister bit positions that are to correspond to I/O input lines. A 
low (<0.8М) input signal will cause a logic 0 to be read when 
a read instruction is issued to the port register. A high (>2.0V) 
input will cause a logic 1 to be read. An RES signal forces 
all V/O port registers to logic 1 thus initially treating all /О 
lines as inputs. 
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Port D may only be all inputs cr all outputs. All inputs is 
selected by setting bit 5 of the Mode Control Register (MCR5) 
to a "0". 


The status of the input lines can be interrogated at any time 
by reading the I/O port addresses. Note that this will return 
the асша! status of the input lines, not the data written into 
the I/O port registers. 


Read/Modify/Write instructions can be used to modify the 
operation of PA, PB, PC, & PD and also ports PF and PG 
of the R6500/12. During the Read cycle of a Read/Modify/ 
Write instruction the Port ИО register is read. For all other 
read instructions the port input lines are read. Read/Modify/ 
Write instructions are: ASL, DEC, INC, LSR, RMB, ROL, 
ROR, and SMB. 


4.2 OUTPUTS 


Outputs for Ports A thru D and Ports E thru G of the R6500/ 
12 are controlled by writing the desired i/O line output states 
into the corresponding ИО port register bit positions. A logic 
1 will force a high (>2.4V) output while a logic 0 will force 
a low (<0.4V) output. 


Port D all outputs is selected by setting МОН5 to a “1”. 


Port E is always all outputs. 


4.3 PORT A (PA) 


Port A can be programmed via the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as а standard parallel 8-bit, bit independent, /О port 
or as serial channel I/O lines, counter /O lines, or an input 
data strobe for the Port B input latch option. Table 4-2 tab- 
ulates the control and usage of Port A. 


In addition to their normal I/O functions, РАО and РАТ сап 
detect positive going edges, and PA2 and РАЗ can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit in the IFR and generate an 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detected is one- 
half the 02 clock rate. Edge detection timing is shown in Sec- 
tion E.5. 
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Table 4-2. Port A Control & Usage 


PAO О 


PORT B LATCH MODE 


MCR4 = 0 


MCR4 = 1 


SIGNAL 


SIGNAL 


NAME 


PAO (2) 


РА1 (2) 


PA2 (3) 


PA3 (3) 


PORT B 
LATCH STROBE 


INPUT (1) 


COUNTER А I/O 


RCVR S/R MODE = 0 
(4) (5) 


MCRO = 1 

MCR! = 0 

SCCR7 = 0 

RCVR S/R MODE = 0 
(4) 


SIGNAL 


SIGNAL 


SIGNAL 


TYPE 


TYPE 


OUTPUT 


SERIAL I/D SHIFT REGISTER CLOCK 


INPUT (1) 


ЅССА? = 1 
SCCR5 = 1 


RCVR S/R MODE = 1 


(4) 


SIGNAL 


SIGNAL 


NAME 


TYPE NAME 


TYPE 


XMTR CLOCK 


PAS I/D 


DUTPUT 


RCVR CLOCK 


INPUT (1) 


COUNTER В I/D 


MCR3 = 0 
МСВ2 = 0 


MCR3 = 1 
MCR? = X 


SIGNAL 


SIGNAL 


TYPE 


TYPE 


РАб I/D 


OUTPUT 


SERIAL I/D 
XMTR DUTPUT 


SCCR7 = 0 


SCCR? = 1 


SIGNAL 


SIGNAL 


TYPE 


РА? VO 


DUTPUT 


SERIAL I/O 
RCVR INPUT 


SCCR6 = 0 


SCCR6 = 1 


SIGNAL 


SIGNAL 


TYPE 


INPUT (1) 
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INPUT (1) 


Notes: 

(1) Hardware Buffer Float 

(2) Positive Edge Detect 

(3) Negative Edge Detect 

(4) RCVR S/R Mode = 1 when 
SCCR6 - SCCR5 · SCCR4 = 1 

(5) For the following mode combina- 
tions PA4 is available as an input 
only pin: 
SCCR7SCCRe*SCCRS.MCR1 
+ SCCR7SCCRE-SCCR4MCR1 
*SCCR7SCCRe:SCCRS 
+ SCCR7SCCR5:SCCR4* 
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4.4 PORT B (PB) 


Port В can be programmed as an 8 bit, bit independent I/O 
port. It has a latched input capability which may be enabled 
or disabled via the Mode Control Register (MCR). Table 
4-3 tabulates the contro! and usage of Port B. An Input Data 
Strobe signal must be provided thru PAO when Port B is pro- 
grammed to be used with latched input option. Input data 
latch timing for Port B is shown in Section E.5. 


Table 4-3. Рой B Control & Usage 


Latch 
ИО Mode Mode 
MCR4 = 1 
MCR4 = 0 (2) 
Pin Signai E майн 
| Мате Мате Туре [1) Мате Туре | 
РВО РВО Џој РВО 1МРОТ 
РВ1 РВ! Џој РВ! 1МРОТ 
РВ2 РВ2 vO PB2 INPUT 
РВЗ РВЗ 0 РВЗ INPUT 
PB4 PB4 vO PB4 INPUT 
PBS РВ5 1/0 PB5 INPUT 
PB6 PB6 Џој PB6 INPUT 
РВ7 PB7 Џој PB7 INPUT 
(1) Resistive pull-up, active buffer pull down 
(2) Input data is stored in port B latch by PAO pulse 
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4.5 PORT C (PC) 


Port C can be programmed as an /О port and in conjunction 
with Port D, as an abbreviated bus, or as a multiplexed bus. 
When used in the abbreviated or multiplexed bus modes, 
РСО-РС7 function аз А0-АЗ, А12, R/W, А13, and EMS, 
respectively, as shown in Table 4-4. EMS (External Memory 
Select) is asserted (low) whenever the internal processor 
accesses memory area between 0100 and 3FFF. (See 
Memory Map, Appendix B). The leading edge of EMS may 
be used to strobe the eight address lines. multiplexed on Port 
D in the Multiplexed Bus Mode. See Appendix E.3 through 
Е 5 for Port С timing. 


4.6 PORT D (PD) 


Port D can be programmed as an I/O Port, an 8-bit tri-state 
data bus, or as a multiplexed bus. Mode selection for Port 
D is made by the Mode Control Register (MCR). The Port D 
output drivers can be selected as tri-state drivers by setting 
bit 5 of the MCR to 0 (zero). Table 4-5 shows the necessary 
settings for the MCR to achieve the various modes for Port 
D. When Port D is selected to operate in the Abbreviated 
Mode PDO-PD7 serves as data register bits 00-07. When 
Port D is selected to operate in the Multiplexed Mode data 
bits DO through D7 are time muitiplexed with address bits А4 
through А11, respectively. Refer to the Memory Maps 
(Appendix С) for Abbreviated and Multiplexed memory 
assignments. See Appendix Е.З through 5.5 for Port D timing. 


4.7 PORT E, PORT F AND PORT G (PE, 
PF & PG) R6500/12 ONLY 


Port E only operates in the Output moda. It provides a Dar- 
lington output that can source current at the high (1) level. 
Port Е and Port G operate identically and can be pro- 
grammed as bidirectional /О ports. They have standard 
output capability. See Appendix Е.5 for Port E, F & Pot G 
timing. 
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Table 4-4. Port C Control and Usage 


Abbreviated | Multiplexed 
ИО Mode Mode Mode 
MCR7 = 0 МСА7 = 1 МСА7 = 1 
MCR6 = X MCR6 = 0 MCR6 - 1 
Signai Signai Signal 
Pin Type Type Type 
Name Name (1) Мате (2) Мате {2) 
—-—- — — 
PCO PCO МО АО OUTPUT AO OUTPUT 
РС1 РС1 1/0 A1 OUTPUT A1 OUTPUT 
PC2 PC2 vO A2 OUTPUT A2 OUTPUT 
PC3 РСЗ Vo АЗ OUTPUT A3 OUTPUT 
PC4 РСА Џој А12 OUTPUT А12 ООТРОТ 
РС5 РС5 Шо) RW OUTPUT RW OUTPUT 
PC6 PC6 МО A13 OUTPUT A13 OUTPUT 
PC7 PC7 Ше] ЕМ5 OUTPUT EMS OUTPUT 
(1) Resistive Pull-Up, Active Buffer Pull-Down 
(2) Active Buffer Pull-Up and Pull-Down 


Table 4-5. Port О Control and Usage 


Abbreviated 
1/0 Modes Mode Muitiplexed Mode 

MCR7 = 0 MCR7 = 0 MCR7 = 1 MCR7 = 1 

MCR6 = X MCR6 = X MCR6 - 0 MCR5 z 1 

MCR5 = 0 MCR5 - 1 MCR5 = 1 MCR5 = 1 

Signai Signai Signai Signal Signai 

pini Ti | Phase 1 Phase 2 
Мате Мате Туре (1) Мате Туре (2) Мате Туре (3) Мате Туре (2) Мате Туре (3) 
РОО РОО INPUT PDO OUTPUT DATAO Џој А4 OUTPUT DATAO О 
PD1 PD1 INPUT PD1 OUTPUT DATA1 vO A5 OUTPUT DATA1 vO 
PD2 PD2 INPUT PD2 OUTPUT DATA2 vO Аб OUTPUT OATA2 vO 
PD3 PD3 INPUT PD3 OUTPUT DATA3 Ше) А? OUTPUT ОАТАЗ Ше) 
РРА PD4 INPUT PD4 OUTPUT DATA4 1/0 A8 OUTPUT OATA4 Ше) 
РО5 РО5 INPUT РО5 OUTPUT ОАТА5 VO AQ OUTPUT ОАТА5 Ше] 
PD6 PD6 INPUT PD6 OUTPUT DATA6 Џој А10 OUTPUT DATA6 Ше) 
PD7 РО? INPUT PD7 | OUTPUT БАТА? Де] А11 OUTPUT DATA7 1/0 
(1) Tri-State Buffer ìs in High Impedance Mode 
(2) Tri-State Buffer 15 in Active Mode 
(3) Tri-State Buffer is in Active Mode Only During the Phase 2 Portion of a Write Cycle 24 
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SERIAL INPUT/OUTPUT CHANNEL 


The device provides а full duplex Serial /О channel with рго- 
grammable bit rates and operating modes. The serial ИО 
functions are controlled by the Serial Communication Control 
Register (SCCR). The SCCR bit assignment is shown in 
Figure 5-1. The serial bit rate is determined by Counter A 
for all modes except the Receiver Shift Register (RCVR 
S/R) mode for which an external shift clock must be provided. 
The maximum data rate using the internal clock is 62.5K bits 
per second (@ g2 = 1 MHz). The transmitter (XMTR) and 
receiver (RCVR) can be independently programmed to 
operate in different modes and can be independently ena- 


SCCR 


bled or disabled. 
| 0 0015 


е 
о~ода Parity 


1~Even Parity 
0 Parity Disable 

1 Parity Enable 
0—8 Bits/Char 

1~7 Bits/Char 

0— 6 Bits/Char 

1~ 5 Bits/Char 

0 XMTR & RCVR ASYN Mode 

1 XMTR ASYN, RCVR S/R 


0 
0 
1 Х XMTR S/R, RCVR ASYN 


0 RCVR Disable 
1 RCVR Enable 
0 XMTR Disable 
1 XMTR Enable 


Figure 5-1. Serial Communication Control Register 


Except for the Receiver Shift Register Mode (RCVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled in а 
mode requiring an internal clock. 


Whenever Counter А is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial ИО Port. Refer to Counter A (paragraph 
6.1) for a table of hexadecimal values to represent the desired 
data rate. 


5.1 TRANSMITTER OPERATION (XTMR) 


The ХТМН operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are in Figure 5-2. When parity is dis- 
abled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 
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- 
START] 


ASYNCHRONOUS MODE WITHOUT PARITY 


7-BIT DATA 


A 
LSTART| | 


6-ВІТ DATA 


[sci]. e 


5-BIT DATA 


ASYNCHRONOUS МОРЕ WITH PARIT? 


T 
START 


8.ВІТ DATA 


1 
PARITY. 


3 d 
stop j 


may 
Ler ARI. 


7-BIT DATA 


T 
PARITY. 


25 


ТОР 


1 
START 


6-BIT DATA 


panrv| 357 


оғ 


ГЕ 
START 


5-BIT DATA 


; STOP 


T 
PARITY 


SHIFT REGISTER MODE 8-BIT DATA 


WORD M | 


WORD M 1 


SHIFT REGISTER CLOCK (РАА) 


Jon pde dedit doe E ess edet J 


Figure 5-2. Transmitted Data Modes 


In the S/R made, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. 


The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCSR5, SCSR6 and 
SCSR7. 


IFR7 = 50586 (50585 + SCSR7) 


5.2 RECEIVER OPERATION (RCVR) 


The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1." In the ASYN mode, 
data format must have a start bit, appropriate number of data 
bits, a parity bit (if enabled) and one stop bit. Refer to par- 
agraph 5.1 for a diagram of bit allocations. The receiver bit 
period is divided into 8 sub-intervals for internal synchroni- 
zation. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
of each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than опе-па! the bit time after а 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits, and any of 
the above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1. 
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Start Bt LSB Stop Bit Stop Bit 
Internai 
Shitt 
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*Serlal Input Data Shifted In 
|__________ 


Figure 5-3. ASYN Receive Data Timing 


In the S/R mode, an external shift clock must be provided at 
СА (PA4) pin along with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 


Seriai 
input т [Г Г, БЕНЕН ЕНІНЕН ЕНІНЕН ЕЙ 


Externai 
Shift 


* Serial Input Data Shifted in 
*' Serial Output Data Makes Transition 


Figure 5-4. S/R Mode Timing 


A RCVR interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 


5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 


The Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 


SCSRO: Receiver Data Register Full —Set to a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cleared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR6 = 0. The SCSR 
0 bit will not be set to a logic 1 if the received data 
contains an error condition, instead, a corre- 
sponding error bit will be set to a logic 1. 

SCSR 1: Over-Run Error —Setto a logic 1 when а new char- 

acter is transferred from the Receiver Shift Reg- 

ister, with the last character still in the Receiver 

Data Register. This bit is cleared by reading the 

Receiver Data Register, or by RES. 

SCSR 2: Parity Error—Set to logic 1 when the RCVR is in 

the ASYN Mode, Parity Enable bit is set, and the 
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received data has a parity error. This bit is cleared 
by reading the Receiver Data Register or by RES. 
Framing Error —Set to a logic 1 when the received 
data contains a zero bit'after the last data or parity 
bit in the stop bit slot. Cleared by reading the 
Receiver Data Register or by RES. (ASYN Mode 
only). 

Wake-Up—Set to a logic 1 by writing a "1" in bit 
4 of address: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 1's. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 

End of Transmission —Set to a logic 1 by writing 
a "1" in bit position 5 of address: 0016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of- Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 


Transmitter Data Register Empty —Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister is transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 

Transmitter Under-Run — Set to a logic 1 when the 
last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last stop bit is transmitted 
ifthe XMTR is in the ASYN Mode while the Trans- 
mitter Data: Register Empty Bit is set. Cleared by 
a transfer of new data into the Transmitter Shift 
Register, or by RES. 


SCSR 3: 


SCSR 4: 


SCSR 5: 


SCSR 6: 


SCSR 7: 


RCVR Data 
Reg Full 


RCVR Over-Run 
Parity Error 
Frame Error 


Wake-Up 


~ End of Transmission 


—- XMTR Data Reg Empty 


— XMTR Under-Run 


Figure 5-5. SCSR Bit Allocation 
5.4 WAKE-UP FEATURE 


In a multi-distributed microprocessor or microcomputer 
applications, a destination address is usually included at the 
beginning of the message. The Wake-Up Feature allows 
non-selected CPU's to ignore the remainder of the message 
until the beginning of the next message by setting the Wake- 
Up bit. As long as the Wake-Up flag is true, the Receiver 
Data Register Full Flag remains false. The Wake-Up bit is 
automatically cleared when the receiver detects a string of 
eleven consecutive 1's which indicates an idle transmit line. 
When the next byte is received, the Receiver Data Register 
Full Flag signals the CPU to wake-up and read the received 
data. 
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SECTION 6 
COUNTER/TIMERS 


The device contains two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the 
counters. Counter A has one 16-bit latch and Counter B has 
two 16-bit latches. Each counter can be independently pro- 
grammed to operate in one of four modes: 


Counter A Counter B 
e Pulse width e Retriggerable Interval Counter 
measurement e Asymmetrical Pulse 
® Pulse Generation Generation 
e Interval Timer e Interval Timer 
e Event Counter e Event Counter 


Operating modes of Counter A and Counter B are controlled 
by the Mode Contro! Register. All counting begins at the 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PAS is automatically selected for 
Counter B (see Table 4.2). 


6.1 COUNTER A 


Counter A consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter A (LCA), Upper Counter 
A (UCA), Lower Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either 02 clock pulses ог 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001A or location 0018 for the Lower Counter A. 
A read at location 0018 also clears the Counter A Underflow 
Fiag (IFR4). 


The 16-bit latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 


Counter A can be started at any time by writing to address: 
001A. The contents of the accumulator will be copied into the 


#2 | | Ld 


COUNTER UNDERFLOW 


COUNTER a 2 1 LJ 


UL. му) (UL, LL) -1 


COUNTER INTERRUPT ENABLED 


SET ANY TIME BEFORE 


COUNTER UNDERFLOW FLag COUNTER UNDERFLOW Г 


Figure 6-1. Interval Timer Timing Diagram 
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Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter А. Counter А is set to the latch value 
whenever Counter À underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch 
value, not FFFF, and the Counter A Underflow Flag (IFR 4) 
will be set to "1". This bit may be cleared by reading the 
Lower Counter A at location 0018, bv writing to address 
location 001A, or by RES. 


Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. 


MCR1 MCRO 
(bit 1) (bit 0) Mode 
0 0 Interval Timer 
0 1 Pulse Gieneration 
1 0 Event Counter 
1 1 Pulse Width Measurement 


The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are 02 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 


6.1.1 Interval Timer 


In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 


1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 


2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 


The Counter value is decremented by one count at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore 14s to 65.535 
ms at the 1 MHz 02 clock rate or 0.5 us to 32.767 ms at the 
2 MHz 62 clock гаје. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
iRQ interrupt requests in the counter IRQ interrupt routine. 


When Counter A decrements from 0200, the Counter A 
Underflow (РРА) is set to logic 1. If the Counter A Interrupt 
Enable Bit (IER4) is also set, ап IRQ interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register can be examined in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as а РА I/O bit. 


A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1. 


6.1.2 Pulse Generation Mode 


in the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter A Underflow occurs, or a 
write is performed to address 001A. 


The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to 001A. 


Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 


A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 


6.1.3 Event Counter Mode 


In this mode the CA is used as an Event input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the 02 clock rate. 


The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 


Figure 6.2 is a timing diagram of the Event Counter Mode. 
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Figure 6-2. Event Counter Mode 


6.1.4 Pulse Width Measurement Mode 


This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at the $2 clock rate as long as the CA line is held in 
the low state. The Counter is stopped when CA is in the high 
State. 
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The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 


A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3. 
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Figure 6-3. Pulse Width Measurement 


6.1.5 Serial I/O Data Rate Generation 


Counter A also provides clock timing for the Serial I/O which 
establishes the data rate for the Serial I/O port. When the 
Serial I/O is enabled, Counter А is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter I/O (PA4) may also be required to 
support the Serial I/O (see Table 4-2). 


Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a 62 clock rate of 1 MHz 
and 2 MHz. Although Table 6-1 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: 


ee 
16 x bps 
where 
N = decimal value to be loaded into Counter A using 


its hexadecimal equivalent. 
= the clock frequency (1 MHz or 2 MHz) 
= the desired data rate. 


с 
о 
Ф 
| 


МОТЕ 


In Table 6-1 you will notice that the standard data rate 
and the actual data rate may be slightly different. 
Transmitter and receiver errors of 1.5% or less are 
acceptable. A revised clock rate is included in Tabie 
6-1 for those baud rates which fall outside this limit. 
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Table 6-1. Counter A Values for Baud Rate Selection 
Clock Rate 

Actual Needed 

Baud To Get 

Hexadecimal Rate Standard 

ned Value At 'Ваџа Rate 
| Rate |1 MHz 2 MHz, 1MHz 2 MHz |1 MHz 2 MHz 
50 04E1 09С3 50.00 50.00 | 1.0000 2.0000 
75 0340 0682 75.03 74.99 | 1.0000 2.0000 
110 0237 046F 110.04 110.04 | 1.0000 2.0000 
150 01A0 0340 149.88 150.06 |1.0000 2.0000 
300 ООСЕ  01A0 300.48 299.76 1.0000 2.0000 
600 0067  OO0CF 600.96 600.96 1.0000 2.0000 
1200 0033 0067 | 1201.92 1201.92 |1.0000 2.0000 
2400 0019 0033 | 2403.85 2403.85 1.0000 2.0000 
3600 0010 0021 3676.47 3676.47 | 0.9792 1.9584 
4800 0000 0019 | 4807.69 4807.69 | 1.0000 2.0000 
7200 0008 0010 | 6944.44 7352.94 | 1.0368 1.9584 
9600 0006 000C | 8928.57 9615.38 | 1.0752 2.0000 


6.2 СОЏМТЕН В 


Counter В consists of а 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latch C (ULC). Latch C is used 
only in the asymmetrical pulse generation mode. The counter 
contains the count of either 02 clock pulses or external 
events depending on the counter mode selected. The con- 
tents of Counter B may be read any time by executing a read 
at location 001D for the Upper Counter B and at location 
001E or 001C for the Lower Counter B. A read at location 
001C also clears the Counter B Underflow Flag. 


Latch B contains the counter initialization value, and can be 
loaded at any time by executing a write to the Upper Latch 
В at location 0010 and the Lower Latch B at location 001C. 
in each case, the contents of the accumulator are copied into 
the applicable latch register. 


Counter B can be initialized at any time by writing to address: 
001Е. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 16-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter В Underflow Flag bit (IFR5) will be set 
to a "1" whenever Counter B underflows by decrementing 
from 0000. 


IFR 5 may be cleared by reading the Lower Counter B at 
location 001C, by writing to address location 001Е, or by 
RES. 


Counter B operates in the same manner as Counter A in the 
interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. 
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6.2.1 Retriggerable Interval Timer Mode 


When operating in the Retriggerable Interval Timer mode, 
Counter B is initialized to the latch value оу writing to address 
001E, by a Counter В underflow, or whenever a positive edge 
occurs on the CB pin (PA5). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illusttates the operation. 
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Figure 6-4. Counter B Retriggerable Interval Timer Mode 


6.2.2 Asymmetrical Pulse Generation Mode 


Counter B has a special Asymmetrical Pulse Generation 
Mode whereby a pulse train with programmable pulse width 
and period can be generated without the processor interven- 
tion once the latch values are initializec. 


In this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as D in the following descriptions). The 16-bit Latch C is 
initialized with a value which corresponds to the desired 
pulse width (referred to as P in the fol owing descriptions). 
The initialization sequence for Latch B and C and the starting 
of a counting sequence are as follows: 


1. The lower 8 bits of P are loaded into LLB by writing to 
address 001C, and the upper 8 bits of P are loaded 
into ULB and the full 16 bits are transferred to Latch 
C by writing to address location 001D. At this point 
both Latch В and Latch С contain the value of P. 


2. The lower 8 bits of D are loaded into LLB by writing to 
address 001C, and the upper 8 bits of D are loaded 
into ULB by writing to address location 001E. Writing 
to address location 001E also causes the contents of 
the 16-bit Latch B to be downloaded into the Counter 
B and causes the CB output to go low as shown in 
Figure 6-5. 


3. When the Counter B underflow occurs the contents of 
the Latch C is loaded into the Counter B, and the CB 
output toggles to a high level and stays high until 
another underflow occurs. Latch E is then down-loaded 
and the CB output toggles to a low level repeating the 
whole process. 
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SECTION 7 
POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER-ON TIMING 


After application of Vec and Van power to the R6500/11, RES 
must be held low for at least eight 02 clock cycles after Voc 
reaches operating range and the internal oscillator has sta- 
bilized. This stabilization time is dependent upon the input 
Усс voltage and performance of the internal oscillator. The 
clock can be monitored at 02 (pin 3). Figure 7-1 illustrates 
the power turn-on waveforms. Clock stabilization time is typ- 
ically 20 ms. 
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Figure 7-1. 
7.2 POWER-ON RESET 


The occurrence of RES going from low to high will cause the 
R6500/11 to set the Interrupt Mask Bit—bit 2 of the Pro- 
cessor Status Register—and initiate a reset vector fetch at 
address FFFC and FFFD to begin user program execution. 
All of the VO ports (PA, PB, PC, PD) will be forced to the 
high (logic 1) state. All bits of the Control Register will be 
cleared to logic 0 causing the Interval Timers counter mode 
(mode 00) to be selected and causing all interrupt enabled 
bits to be reset. 


Power Turn-on Timing Detail 
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1&3. Counter В «-- Latch В (D) 
2&4. Counter В -«—— Latch C (P) 


Figure 6-5. Counter B Pulse Generation 
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7.3 RESET (RES) CONDITIONING 


When RES is driven from low to high the R6500/11 is put in 
a reset state causing the registers and ИО ports to be con- 
figured as shown in Table 7-1. 


Table 7-1. RES Initialization of ИО Ports and Registers 


Registers 
Processor Status 
Mode Control (MCR) 
Int. Enable (IER) 
Int. Flag (IFR) 
Ser. Com. Control (SCCR) 
Ser. Com. Status (SCSR) 


Ports 
PA Latch 
PB Latch 
PC Latch 
PD Latch 


All RAM and other CPU registers will initialize in a random, 
non-repeatable data pattern. 


7.4 INITIALIZATION 


Any initialization process for the R6500/11 should include a 
RES, as indicated in the preceeding paragraphs. After sta- 
bilization of the internal clock (if a power on situation) an 
initialization subroutine should be executed to perform (as a 
minimum) the following functions: 


1. The Stack Pointer should be set 
2. Clear or Set Decimal Mode 

3. Set or Clear Carry Flag 

4. Set up Mode Controls as required 
5. Clear Interrupts 


A typical initialization subroutine could be as follows: 


LDX Load stack pointer starting address into X 
Register 
TXS Transfer X Register value to Stack Pointer 
CLD Clear Decimal Mode 
SEC Set Carry Flag 
Set-up Mode Control and 
special function 
eel registers as required 
CLI Clear Interrupts 
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A.1 INSTRUCTION SET IN ALPHABETIC 


SEQUENCE 

ADC Add Memory to Accumulator with Carry 
AND "AND" Memory with Accumulator 
ASL Shift Left One Bit (Memory or Accumulator) 
“ВВА Branch on Bit Reset Relative 
*BBS Branch on Bit Set Relative 

BCC Branch on Carry Clear 

BCS Branch on Carry Set 

BEQ Branch on Result Zero 

BIT Test Bits in Memory with Accumulator 
BMI Branch on Result Minus 

BNE Branch on Result not Zero 

BPL Branch on Result Plus 

BRK Force Break 

BVC Branch on Overflow Clear 

BVS Branch on Overflow Set 

CLC Clear Carry Flag 

CLD Clear Decimal Mode 

CLI Clear Interrupt Disable Bit 

CLV Clear Overflow Flag 

CMP Compare Memory and Accumulator 
CPX Compare Memory and Index X 

CPY Compare Memory and Index Y 

DEC Decrement Memory by One 

DEX Decrement index X by One 

DEY Decrement index Y by One 

EOR "Exclusive-Or" Memory with 

Accumulator 

INC Increment Memory by One 

INX Increment Index X by One 

INY Increment Index У by One 

JMP Jump to New Location 

JSR Jump to New Location Saving Return 


APPENDIX A 
ENHANCED R6502 INSTRUCTION SET 


This appendix contains a summary of the R6502 instruction 
set. For detailed information, consult the R6502 Microcom- 
puter System Programming Manual, Document 29650 N30. 
The four instructions notated with а” are added instructions 
to enhance the standard 6502 instruction set. 


Address 
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LDA 
LDX 
LDY 
LSR 


NOP 
ORA 


PHA 
PHP 
PLA 
PLP 


*АМВ 
ROL 


ROR 


RTI 
RTS 


SBC 


SEC 
SED 
SEI 
*SMB 
STA 
STX 
STY 


TAX 
TAY 
TSX 
TXA 
TXS 
TYA 


Load Accumulator with Mernory 
Load Index X with Memory 
Load Index Y with Memory 
Shift One Bit Right (Memory or 
Accumulator) 


No Operation 
"OR" Memory with Accumulator 


Push Accumulator on Stack 
Push Processor Status on Stack 
Pull Accumulator from Stack 
Pull Processor Status from Stack 


Reset Memory Bit 

Rotate One Bit Left (Memory or 
Accumulator) 

Rotate One Bit Right (Memory ог 
Accumulator) 

Return from Interrupt 

Return from Subroutine 


Subtract Memory from Accumulator with 
Borrow 

Set Carry Flag 

Set Decimal Mode 

Set interrupt Disable Status 

Set Memory Bit 

Store Accumulator in Memory 

Store Index X in Memory 

Store Index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index У 
Transfer Stack Pointer 10 Index X 
Transfer Index X to Accumulator 
Transfer Index X te Stack Register 
Transfer Index Y to Accumulator 
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A.3 INSTRUCTION CODE MATRIX 


0 
ВАК | —ОР Соде 
0 | implied | —Addressing Mode 
1 7 | —Instruction Bytes; Machine Cycles 
а кы 0 1 2 3 4 5 6 7 8 9 A B с D E F 
z BRK | ORA ORA | ASL | АМВО | PHP | ORA | ASL ORA ASL | BBRO 
0 | Implied | (IND, X) 2Р 2Р ZP | implied | IMM | Accum ABS ABS 2Р 0 
17/26 231'251251!131/22)12 34136135 
| 4 d iB = |. 
ВР. | ORA ОВА | ASL | АМВ1 | CLC | ORA ОВА | ASL | ВВВ1 
1 | Relative | (IND), У 2P,X | 2Р,Х ZP | implied | ABS, Y ABS, X | АВ5, Х| ZP 1 
22" |2 5 d 24|26 25!12]|3^4 за | 37 |3 5" 
4 i 
JSR AND BIT AND ROL | RMB2 | PLP AND | ROL BIT AND | ROL | BBR2 
2 | Absolute] (IND, X) 2Р 2Р 2Р 2Р | Implied | IMM | Accum ABS | ABS ABS 2Р 2 
36126 23,,23|25/|25/|14 22/|12 34134136 |3 5" 
4 1. " zb 4+. 
ВМ! АМО Г АМО ROL | ВМВЗ | SEC | AND AND | ROL | ВВАЗ 
3 | Relative | (МО, Y) ZP,X | ZP,X ZP | Implied | ABS, Y ABS,X|ABS,X | ZP 3 
227|2 5 24126 25123 4 3 411373 5" 
АТ! EOR EOR | LSR | RMB4 | PHA | EOR LSR JMP | EOR | LSR | BBR4 
4 | Implied | (IND, X) 2Р 2Р ZP | implied | IMM | Accum ABS | ABS | ABS 2Р 4 
1626 | 23,25|25|13|22]|12 33134136013 5* 
BVC | EOR EOR LSR | RMBs| си | EOR EOR | LSA | BBRS 
5 | Relative | (IND), У zP,X | ZP,X ZP | implied | ABS, Y ABS, X | АВ5, Х| ZP 5 
22" |2 5 24 |26 2 5 |12 |з 4 34 137 |3 5" 
b ds М = | 
АТ$ | АОС ADC | ROR | RMB6 | PLA | ADC | ROR JMP | ADC | ROR | BBR6 
6 | Implied | (IND, Х) 2Р 2Р ZP | Implied | IMM | Accum Indirect] ABS | ABS 2Р 6 
16126 23125 | 25| 14122112 35 34 136 |3 5" 
- -+ + 4- = == 1 
BVS | ADC ADC | ROR | RMB7 | SEI ADC ADC | ROR | BBR7 
7 | Relative | (МО, Y) 2Р,Х | 2Р,Х ZP | Implied | ABS, Y ABS,X|ABS,X| ZP 7 
22"12 5° | 24126 |2512 E 34 37]83 5" 
+ + 
STA STY 1 STA STX | SMBO | DEY TXA STY STA STX | BBSO 
8 (IND, X) 2Р 2Р ZP ZP | Implied Implied ABS | ABS | ABS ZP 8 
26 23/23/23 25112 12 34] 34 | 34 |3 5" 
| ВСС STA STY STA STX | SMB1 | ТУА STA TXS STA | вв51 | 
9 | Relative | (IND, Y) zP,X | ZP,X | ZP,Y ZP | implied | ABS, Y | Implied ABS, X 2Р 9 
2 27) 2 6 24 | 24 24 |25 |12 |365 |1 2 35 2:87 
+ T T -- zm 
LDY LDA LDX LDY LDA LDX | SMB2 | TAY LDA TAX LDY LDA LDX | BBS2 
A | IMM | (IND, X) | IMM ZP ZP ZP ZP | Implied | (MM | Implied ABS | ABS | ABS 2Р А 
22 26 |22 23|23/|23|25,12 22 12 34 34 | 34 |з 5" 
| + =} 
BCS LDA LDY LDA сох | SMB3 | CLV LDA TSX LDY LDA LDX | BBS3 
В | Relative (IND), Y ZP,X | ZP,X | ZP,Y ZP | tmplied | ABS, Y | Implied ABS, Х| ABS, X | ABS, У | ZP 8 
2 212 5 24''24'24'25'127'73% 12 34343435“ 
--- - IB -4- —— —- -4- “-------------- 
СРУ | СМР СРУ | CMP | DEC | SMB4 | iNY СМР | DEX СРҮ | СМР | DEC | BBS4 
C | IMM (IND, X) 2Р 2Р 2Р ZP | implied | IMM | Implied ABS ABS ABS 2Р с 
22/26 23 | 23125 | 25| 12 |22 12 34134136 |3 5" 
ВМЕ | СМР | СМР T DEC | SMB5 | CLD | СМР СМР | DEC | BBS5 
О | Relative | (IND), Y 2Р,Х | ZP, X 2Р | implied | ABS, Y ABS, X | АВЅ, Х| 2P D 
2 2'12 5 24126 | 25 |та 34 34123713 5" 
arse T T Т + E 2l 
CPX SBC CPX SBC INC | SMB6 | INX SBC | NOP CPX SBC INC | BBS6 
Е | IMM |(IND, X) 2Р 2Р ZP ZP | implied | IMM {Implied ABS ABS | ABS 2Р Е 
22/26 23/23/25 /]25]12/)22/1 2 34134136135“ 
+ i --------- = 
ВЕС | SBC SBC INC | SMB7 | SED SBC SBC INC | BBS7 
Е | Неізіме | (IND), Y zP,X | ZP.X ZP | Implied | ABS, Y ABS, X | АВЅ, Х| ZP F 
22'12 5 24126 2511203 4 за [37 |3 5" 
о 1 2 3 4 5 6 7 8 9 A B с D E F 


"Add 1 to N if page boundary is crossed. 
“Ада 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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APPENDIX B 
KEY REGISTER SUMMARY 


7 9 
ACCUMULATOR А if ы eee) З 2 $ 0 
0 
Y INDEX REGISTER Y Y 
T 0 
x INDEX REGISTER X х 
15 7 0 CARRY (C) (7) 
PCH PCL PROGRAM COUNTER PC 
E n? 1— Carry Set 
0 :z Carry Clear 
SP STACK POINTER 5 
ZERO (2; (1) 
PROCESSOR STATUS ВЕС Р 1 = Zero Result 


0 = Non-Zero Resuit 


INTERRUPT DISABLE () (2) 


CPU Registers 


= IRQ interrupt Disabled 


-TAQ interrupt Enabled 


3 
% 
= BECIMAL MODE (0) (1) 


1-= Decimal Mode 
0 = Binary Mode 


BREAK COMMAND (8) [0] 


1 = Break Command 
0 = Non Break Command 


DVERFLOW (0) С) 


1 = Overflow Set 
Addr 0014 0 = Overtiow Clear 
| NEGATIVE IN) (7) 
| | | Counter B Мое Select NOTES er d "s ава 
^ ot initialize - 
|| | У ши, @ Seto Logie oy FES бени 
! | — 0 Event Counter E 
Bus Mode Select | | р аА Processor Status Register 
| 0 —— 0 Interval Timer 
) | 0---- 1 Asymmetric Pulse Generation 
| | 1 — 0 Event Counter 
|| | | =e "EELLEDBLELIJ-- 
| | | Port В Latch 
(1 Enable) 
T E ES 
| (0 — Tr-State High Impedance Mode} 
i NRI IER Addr 0012 
1 — 0 Abbr. Bus 
1——— 1Muxd Bus РАС Positive 
Edge Detect 
PA1 Positive 
Mode Controi Register Edge Detect 
PA2 Negative 
Edge Oetect 
РАЗ Negative 
Edge Detect 
| Counter А 
Undertow Flag 
L Counter B 
Underfiow Flag 
| RcvR 
Flag 
XMTR 
Flag 


Interrupt Enable and Fiag Registers 


ез | ||» | «| > | rods 
0--Odd Рату T 


1--Еуеп Parity 


0 Parity Disable 
1 Parity Enable 
0—8 Bits/Char 


| L RCVR Oata 
1— 7 Bits/Char 


Reg Full 
i 


L RCVR Over-Run 


0 
0 
1 


0—5 Виз/Сћаг | Parity Error 


1 1~ 5 Bits/Char 1 
0---0 XMTR & АСУР ASYN Mode | 
| 0 — 1 ХМТЯ ASYN, АСУР S/R Wake-Up 
| 1 — X XMTR S/R, RCVR ASYN 
| © RCVR Disable 


L Frame Error 


End of Transmission 


Ł 1 RCVR Enable XMTR Сага Reg Empty 
0 XMTR Disable 
1 XMTR Enable L XMTR Under-Run 
Serial Communications Controi Register Serial Communications Status Register 


3-173 


R6500/11 and R6500/12 


APPENDIX C 
ADDRESS ASSIGNMENTS/MEMORY 
MAPS/PIN FUNCTIONS | 


C.1 ИО AND INTERNAL REGISTER ADDRESSES 


One-Chip Microcomputers 


NOTE: *R6500/12Q Only 
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ADDRESS 

(HEX) READ WRITE 

001Ғ ---- ---- 
1Е Lower Counter В Upper Latch B, Cntr B—Latch B, CLR Flag 
1D Upper Counter B Upper Latch B, Latch C—Latch B 
1C Lower Counter B, CLR Flag Lower Latch B. 
18 —— —— 
1A Lower Counter A Upper Latch A, Cntr A-—Latch А, CLR Flag 
19 Upper Counter A Upper Latch A 
18 Lower Counter A, CLR Flag Lower Latch A 
17 Serial Receiver Data Register Serial Transmitter Data Register 
16 Serial Comm. Status Register Serial Comm. Status Reg. Bits 4 & 5 only 
15 Serial Comm. Control Register Serial Comm. Control Register 
14 Mode Control Register Mode Control Register 
13 ---- ---- 
12 Interrupt Enable Register Interrupt Enable Register 
11 Interrupt Flag Register —— 

L 0010 Read FF Clear Int Над (Bits 0-3 only, Write 075 only) 
i — 

OF ---- —— 
OE —— ---- 
00 —— ---- 
ос ---- ---- 
ов ---- --- 
0A ---- —— 
09 —— —— 
08 —— —— 
07 — — — 
06 Port G* Port G* 
05 Port F* Port F* 
04 Port E * Port E* 
03 Port D Port D 
02 Port С Рой С 
01 Port В Port В 

0000 Port А Port A 
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C.2 ABBREVIATED MODE 
MEMORY MAP 


С.З MULTIPLEXED MODE 
MEMORY MAP 


001Ғ 


Internai 


iRQ vector FFFE iRQ Vector 
RES Vector FFFC RES Vector 
NMI Vector FFFA NMi Vector 
ROM (3K) 
F400 


Reserved 


OO1F 


Internal 


Registers ES 3FFF Registers 
Peripherai Devices wo External Memory 
(64) 23 EA 
Abbr Addr Mode ш (16384- 256) 
Бы; 0010 М Mux'd Addr Mode 0010 
us писти | 
1O Ports Е, F, G | 0904 Internal Ram (192) ЏО Ports E, Е @ | 0006 
(R6500/12Q Only) 0040 (R6500/12Q Oniy) 
0004 Reserved 0004 
0003 eserv 0003 
VOPortsA, B, С, D OF gr yq eenten 
0000 0000 3 0000 


C.4 MULTIPLE FUNCTION PIN ASSIGNMENTS—PORT C AND PORT D 


PIN ЏО PORT ABBREVIATED PORT MULTIPLEXED PORT 
NUMBER FUNCTION FUNCTION FUNCTION 
4 PCO АО АО 
5 РСІ A1 А 
6 РС2 А2 А2 
7 РСЗ АЗ АЗ 
8 РСА А12 A12 

9 PC5 RW RW 
10 PC6 A13 A13 
11 РС7 ЕМ5 ЕМ5 
19 PDO Do A4/DO 
18 PD1 01 ASID1 
17 PD2 D2 A6/D2 
16 PD3 D3 А7103 

ава = шу ш ш ШШЕ 
15 РО4 04 A8/D4 
14 PD5 D5 А9/05 
13 PD6 06 A10/D6 
12 РО? 07 А11/07 
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APPENDIX D 
ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS” “NOTE: Stresses above those listed may cause permanent dam- 
age to the device. This is a stress rating only and functional oper- 
ation of the device at these or апу other conditions above those 
indicated in other sections of this document is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


Parameter 


Supply Voltage 


Input Voltage 


Operating Temperature 
Commercial 


Storage Temperature Тетс -5510 +150 °С 


DC CHARACTERISTICS 
(Усс = 5V +5%, Vss = 0, Ta = 0 to 70°C) 


Parameter Symbol Min. Typ. Max. Unit 
Power Dissipation (Outputs High) 

Commercial @ 25°C Pp — 1200 mw 
RAM Standby Voltage (Retention Mode) Var 3.0 - Veo Vde 
RAM Standby Current (Retention Mode) lar mAdc 

Commercial @ 25°C == 4 == 
Input High Voltage Vin +2.0 — Vec Мас 
Input High Voltage (XTLI and 02 in Slave Option) Vin +40 — Мас Мас 

ies — 
Input Low Voltage Vi -0.3 — 10.8 Vdc 
Input Leakage Current (RES, NMI) 1м +10.0 вАас 
Vin = 0 to 5.0 Мас 
Input Low Current PA, PB, PC, PD, РЕ”, and РА" he - -1.0 = 1.6 mAdc 

(Мі = 0.4 Мас) 

Output High Voltage (Except XTLO) Мон +2.4 — Vee Vde 

(lLoap = -100 Аас) _ 

Output Low Voltage VoL — — +0.4 Мас 

(одр = 1.6 mAdc) 

Darlington Current Drive, PE* lon -1.0 — -= mAdc 

(Vo = 1.5 Vde) 

Input Capacitance Cin pF 1 

Ма –0, Ta = 25°C, f = 1.0 MHz) 

РА, РВ, РС, РО, PF*, and PG* = = 10 

XTLI, XTLO - | — 50 
VO Port Pull-Up Resistance 

PAO-PA7, PBO-PB7, PCO-PC7, PFO-PF7 & PGO-PG7 Re 3.0 6.0 11.5 KQ 
Output Leakage Current E 

Tri-State I/Os while in High Impedance State lour - - +10 pAdc 
Output Capacitance 

Tri-State I/Os while in High Impedance State Cour — — 10 pF 

Vin = OV, ТА = 25°C, f = 25?C, f = 1.0 MHz 
Note: Negative sign indicates outward current flow, positive indicates inward flow. *R6500/12Q only. 
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APPENDIX E 
TIMING REQUIREMENTS AND CHARACTERISTICS 


E.1 GENERAL NOTES E.2 CLOCK TIMING 
1. Мос = 5V +5%, 0°С = ТА = 70°C 


әке SYMBOL PARAMETER 
2. A valid Усс - RES sequence is required before proper | 


operation is achieved. fes Cycle Time 

3. All timing reference levels are 0.8V and 2.0V, unless Tow XTLI Input Clock 
otherwise specified. M S 

4. All time units are nanoseconds, unless otherwise specified. Tewoz Output Clock Pulse | Tews: 


Width at Minimum 
Tove 


5. All capacitive loading is 130pf maximum, except as noted 


below: Output Clock Rise, 
Fall Time 
PA, PB — 50pf maximum - 
, QT Input Clock Rise, 
PC (ИО Modes Only) — Бірі maximum Tee m Tre Rise 
PC (ABB and Mux Mode) — 130pf maximum 1 


PC6, РС? (Full Address Mode) —  130pf maximum 


и Tove 
- Те 


XTLI 1.5V 
(XTLO = Vss) ———= Т, 

&————— Тн) -----> 
92 
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E.3 ABBREVIATED MODE TIMING—-PC AND PD 


(MCR 5 = 1, MCR 6 = 0, MCR 7 = 1) 


SYMBOL PARAMETER 


Тен — |(PC5) ВАМ Setup Time 
Tecas (PCO- -PC4, PC6) Address Setup Time. 

Tess | е0)! Data Setup Time | “| | — | 35 | — 
Тина _ | (РО) Data Read Hold Тіте | To | — | по | — 
Те | (рр) Da Data Write Hold Time MEM | | 


Тевоо (РО) Data Output Delay 


Trem _ |(РСО-РСА, PC6) Address. 5 Hold Time 

Тана |(РС5) R/W Hold Time ЕЕ | a | 
| |С?) EMSHodTime — ло 
|Tecw" __|(РС7) Address to EMS Delay Time - 30 | 130 


30 | — 
NOTE 1 ; Values assume PCO-PCA, PC6 and Рс? һауе ће зате capacitive load. 


Trove | (PC7) EMS Stabilization Time | 


E.3.1 Abbreviated Mode Timing Diagram 


- READ ———— WRITE _ 


— -«— TPCHR 


yo 

Rw ХУА, m 217 
г 

| 


EMS 
ТРСУР 
PCO РСА, | 
PC6 
| ———- 
TPCAS TPBDD 
[4 — TPBSU -- 
PD0-PD7 > 7, 
= ы 
TPBHR TPBHW 
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E.4 MULTIPLEXED MODE TIMING—PC AND PD 


(MCR 5 = 1, МСН 6 = 1, ‚ MCR 7 = 1) 


SYMBOL PARAMETER „ЕМНЕ ЕМВ 
мм | МАХ | MIN | МАХ 
Tess [(PC5) RW Setup Time | — | 225 | — | 140° 
[Tocs (PCO-PC4, РС6) Address Setup Time | — | 200 | — | 140 | 
Tenas 27 (PD ) Address Setup Time | = 220 | = 120 
i (PD) Data | Setup Time ЕС во | — |3 | — 
Тана | (РО) Data Read Hold Time _| о | — | по | | 
Tesuw (PD ) Data Write HoldTime | 30 | |з | — 
Trevo (PD) Data Output Delay — | 475 | | 140 | 
Теса __|(РСО-РСА, PCS) Address Hold Time | 30 | — | 30 peer 
Тена (РО) Address Hold Time ^ | 40 | 100 | 40 | во | 
Tes __|РСБ) АМУ Новтте _____|з|— || — | 
Tew (РС?) EMS Hold Time i | — | wo | | 
Te" _ |(PC7) Address to EMS Delay Time ~~ | 30 | 200 | зо | 150 | 
ЕТ (РС?) EMS Stabilization Time ____|з3 | — || — 


NOTE 1: Values assume PDO-PD7 and РС? have the same capactive load. 


E.4.1 Multiplex Mode Timing Diagram 


READ WRITE 
№ 
--- 4—— TPCHR 


АМ 
(РС5) 


-- |«- ТРСНУ 


Ems * ЕГА 
(РС?) a 
1:14---------”і 
ТРСНА ТРСУР 
па ры || 
РСО – РСА, 
PC6 


TPCAS 


TPBDD 


— 1 TPCVD TPBHR TPBHW 
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Е.5 ИО, EDGE DETECT, COUNTERS, AND SERIAL КО TIMING 


"mi mE к 1 MHz 2 MHz 


SYMBOL PARAMETER == 
MIN | MAX | MIN | МАХ 


internal Write to Репрћега! Data Valid 


те РА, РВ, PC, PE, PF, PG, FTL == | 500 — 500 
Temos” PA, PB, PC, PE, PF, PG, CMOS = 1000 — 1000 
Teopw PD = 175 -- 150 
oral анана: : | he 
Peripheral Data Setup Time 
Трози РА, PB, РС, PF, PG 200 = 200 — 
Teosu PD 50. — 50 = 
Peripheral Data Hold Time 
Тена РА, РВ, РС, PF, PG 75 — 75 = 
Тоня РО 10 | — 10 | — 
i Тери РА0-РАЗ Edge Detect Pulse Width Tove — | Tere | ~ 
Counters A and B | 
Тери PA4, PAS Input Pulse Width Tec | — Teve = 
Top” PA4, PAS Output Delay — | 500] — 500 
Port B Latch Mode 
| 
Tos PAO Strobe Pulse Width Teye mm Теа 
| Тыви PB Data Setup Time 175 — 150 — 
Твен PB Data Hoid Time 30 — 30 — 
| z KMS Е Кор Lee 
! | Serial Vo 
Teow PA6 ХМТН TTL = 500 — 500 
Тє | РАб XMTR CMOS — 1000 — 1000 | 
Тори РА4 АСУ S/R Clock Width 4AToc| — |4Т«| — 
Тым" РА4 ХМТН Сіоск--5/Н Mode (TTL) == 500 — 500 
| Temos” | PA4 XMTR Clock—S/R Mode (CMOS)| — 1000 — 1000 


1 5 uin 
NOTE 1: Maximum Load Capacitance: 50pF Passive Pull-Up Required 
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E.5.1 1/0, Edge Detect, Counter, and Serial I/O Timing 


Tove 


42 1.5V 


PAO- РА? 
PBO-PB7 
PCO -PC7 
PDO – РО7 
РЕО —РЕ7 
PGO - PG7 


TPDSU 


Шеке 


TPHR 


EDGE DETECTS 
(PAO - РАЗ) 


CNTR 1.5V 
PA4, PAS 
| 


сита | 2.4V 
(РА4, PAS) 


TEPW 


p га 
РЕ 


ТСРМ TCPW 


у 


Tepow 


РОО - PD7 | 


» 
РАО - PA7 TCMOS 
PCO – РСТ Ps TPDW ” У00—30% 
24V 


PBO - РВ? 

PEO - РЕ? — 
PFO -PF7 0.4V 

PGO - PG7 


PB 
(LATCH MODE) 


1.5У 15V 


РАО STROBE 


а Тысу->-« Трем E -a— Трвин 
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INTRODUCTION 


The Rockwell R65/11EB and R65/11EAB Backpack Emulator 
is the PROM prototyping version of the 8-bit, masked-ROM 
R6500/11 one-chip microcomputer. Like the R6500/11, the 
backpack device is totally upward/downward compatible with all 
members of the R6500/11 family. It is designed to accept stan- 
dard 5-volt, 24-pin EPROMs or ROMs directly, in a socket on 
top of the Emulator. This packaging concept allows a standard 
EPROM to be easily removed, re-programmed, then reinserted 
as often as desired. 


The backpack devices have the same pinouts as the masked- 
ROM R6500/11 microcomputer. These 40 pins are functionally 
and operationally identical to the pins on the R6500/11. The 
R6500/11 Microcomputer Product Description (Rockwell Docu- 
ment No. 29651N23, Order No. 2119) includes a description of 
the interface signals and their functions. Whereas the masked- 
ROM R6500/11 provides 3K bytes of read-only memory, the 
R65/11EB will address 4K bytes of external program memory. 
This extra memory accommodates program patches, test pro- 
grams or optional programs during breadboard and prototype 
development states. 


ORDERING INFORMATION 


Backpack Emulator 


Part Memory Compatible Temperature 
Number Capacity Memories Range and Speed 
R65/11EB 4K x8 2732 0°С to 70°C 
1МН2 
R65/11EAB 4K x 8 2732А 0°С to 70°C 
2 MHz 
Support Products 
Part | 
Number Description 
565-101 SYSTEM 65 Microcomputer 
Development System 
М65-040 PROM Programmer Module 
М65-131 1-MHz R6500/11 Personality Module 
M65-132 2-MHz R6500/11 Personality Мойше 
RDC-1001 Rockweil Design Center 
RDC-101 1 MHz R6500/11P Personality Module (RDC) 
RDC-102 2 MHz R6500/11AP Personality Module (RDC) 


Document No. 29001D13 


R65/11EB AND R65/11EAB 
BACKPACK EMULATORS 


R65/11EB e R65/11EAB 


R6500 Microcomputer System 


FEATURES 


e PROM version of the R6500/11 


e Completely pin compatible with R6500/11 single-chip micro- 
computers 
Profile approaches 40-pin DIP of R6500/11 
e Accepts 5 volt, 24-pin industry-standard EPROMs 

—4K memories— 2732, 2732A (4K bytes addressable) 
e Use as prototyping tool or for low volume production 
e 4K bytes of memory capacity 
192 x 8 static RAM 
Separate power pin for 32 bytes of RAM 
Software compatibility with the R6500 family 
32 bi-directional TTL compatible I/O lines (4 ports) 
Two 16 bit programmable courter/latches with six modes 
(interval timer, pulse generator, event counter, pulse width 
measurement, asymmetrical pulse generator, and retrigger- 
able interval timer) 
10 interrupts (reset, non-maskable, four external edge sen- 
sitive, 2 counters, serial data received, serial data transmitted). 
Crystal or external time base 
Single +5V power supply 


R65/11EB Backpack Emulator 


Data Sheet Order №. D113 
February 1983 


R65/11EB e R65/11EAB 
CONFIGURATIONS 


The Backpack Emulator is available in two different versions, 
to accommodate 1 MHz and 2 MHz speeds. Both versions 
provide 192 bytes of RAM and I/O, as well as 24 signals to 
support the external memory "backpack" socket. 


The emulator will relocate the EPROM address space to 
FXXX (see Memory Map). EPROM addresses FFA through 
FFF must contain the interrupt vectors. 


EXTERNAL FREQUENCY REFERENCE 


The external frequency reference may be a crystal or a 
clock—the RC option of the R6500/11 is not available in the 
emulator device. The R65/11EB and R65/11EAB divide the 
input clock by two regardless of the source. 


VO PORT PULLUPS 


The devices have internal УО port pullup resistors on ports 
A, B, & C. Port D has push-pull drivers. 


Backpack Emulators 


PRODUCT SUPPORT 


The Backpack Emulator is just one of the products that Rock- 
weli offers to facilitate system and program development 
for the R6500/11. 


The SYSTEM 65 Microcomputer Development System with 
R6500/11 Personality Module supports both hardware and 
software development. Complete in-circuit user emulation 
with the R6500/11 Personality Module allows total system 
test and evaluation. With the optional PROM Programmer, 
SYSTEM 68 can also be used to program EPROMS for the 
development activity. When PROM programs have been fin- 
alized, the PROM device can be sent to Rockwell for masking 
into the ЗК ROM of the R6500/11. 


in addition to support products, Rockwell offers regularly- 
scheduled designer courses at regional centers. 


УСС, VSS 


24 PROM/ROM 
PINS 


CLOCK 
OSCILLATOR 
INTERRUPT 
LOGIC 

CPU 

64X8 PORT C 

RAM 


EDGE 
DETECT 
PORT А 


VCC, VRR, VSS 
РАС-РА7 


PORT D 


g2 


40 R6500/11 
COMPATIBLE PINS 


R65/11EB Interface Diagram 
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24-PIN SOCKET 


Vss 
| Var 
PBO 
РВ1 
РВ2 
РВЗ 
РВ4 
РВ5 
PB6 
PB7 
PAO 
PA1 
PA2 АО-А7 
РАЗ Ав, AQ 
РА4 А10 

РА5 A11 

PA6 СЕ 

РА7 
NMI 
Усс бЕ 


Pin Configuration 


Pin No. Description 


Backpack Emulators 


BACKPACK MEMORY SIGNAL 
DESCRIPTION 


95-115, | Data Bus Lines. All instruction and data 
135-17$ | transfers take place on “he data bus lines. 
The buffers driving the data bus lines have 
full three-state capability. Each data bus 
pin 15 connected to an input and ап output 
buffer, with the output buffer remaining in 
the floating condition. 

15-85, Address Bus Lines. The address bus lines 
235, 245 | are buffered by push/pull type drivers that 


195 can drive one standard TTL load. 

218 

185 Chip Enable. СЕ is active when the address 
is 8000-FFFF. This line can drive one TTL 
load. 

208 Memory Enable Line. This signal provides 


the output enable for the memory to place 
information on the data bus lines. This 
signal is driven by an inverted ВАМ signal 
from the CPU. it can drive 1 TTL load. 


24S Main Power Supply 45V. This pin is tied 
directly to pin 21 (Усс). 
128 Signal and Power Ground (zero volts). This 


pin is tied directly to pin 40 (Vss). 


УО AND INTERNAL REGISTER ADDRESSES 


Address 
(Hex) Read Write 
- mn 
001F -- -- 
1Е Lower Counter В Upper Latch B, Cntr B«—Latch B, CLR Flag 
10 Upper Counter B Upper Latch B, Latch C«—Latch В 
1C Lower Counter B, CLR Flag Lower Latch B — 
1А Lower Counter А Upper Latch A, Cntr A<Latch A, CLR Flag 
19 Upper Counter A Upper Latch A 
18 Lower Counter A, CLR Над Lower Latch A 
17 Serial Receiver Data Register Serial Transmitter Data Register 
16 Serial Comm. Status Register Serial Comm. Status Ред. Bits 4 8. 5 only 
15 Serial Comm. Control Register Serial Comm. Contro! Register 
14 Mode Control Register Mode Control Register 
18 —— --- 
12 Interrupt Enable Register Interrupt Enable Register 
11 Interrupt Flag Register ---- 
0010 Read FF Clear tnt Flag (Bits 0-3 only, Write 075 only) 
04 thru OF ---- —— 
03 Port D Port D 
02 Port C Port C 
01 Port B Port B 
0000 Port A Port A 
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READ TIMING CHARACTERISTICS 


Signal 


OE and CE setup time from CPU 
Address setup time from CPU 
Memory read access time 


Data set up time 

Data hold time—Read 
Address hold time 

OE and CE hold time 
Cycle Time 


READ TIMING WAVEFORMS 


ADDRESS FROM 
CPU 


DATA FROM 
MEMORY 


ABBREVIATED MODE MULTIPLEXED MODE 
MEMORY MAP MEMORY MAP 
FFFE FERE IRG VECTOR 
FFFC FFFC 
ҒҒҒА| ЫМІУЕСТОН ғғға( NMI VECTOR 
ROM (3K) ROM (3K) 
F400 F400 
ғооо | EXTENDED ROM (10): ғооо EXTENDED ROM (1К)* 
RESERVED RESERVED 
P4 
Ф 
РА INTERNAL INTERNAL 
* 3FFF т | / REGISTERS 5 ЗЕРЕ. / REGISTERS 
ге PERIPHERAL DEVICES / 4% EXTERNAL MEMORY ^ 
= 64 , = (16384-256) РА 
us ABBR ADDR MODE “ БЕ MUX'D ADDR MODE / 
Ф Ф 
+ mE pe = Á RESERVED = А o0FF Á 
INTERNAL RAM (192) |” ТО PORTS E, F, G INTERNAL RAM (192) РА 
0040 / (R6500/12Q ONLY) 
RESERVED ^ RESERVED 
9015 1Ю PORTS А, В, C, D 
exo| |08 REGISTERS | _________ алые ЏО & REGISTERS 


“МОТ AVAILABLE FOR MASKED ROM 6500/11. 
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ELECTRICAL CHARACTERISTICS 
(Усс = 5.0 + 5%, Vgg = 0, Ta = 25°C) 


Characteristic Symbol Min L Typ Ё Мах Unit 4 
| Input High Threshold Voltage 1 Vint 
00-07 Vss + 2.0 — | ЕЕ Мас | 
Input Low Threshold Voltage 5 Мит | 
00-07 — — Vss + 0.8 Мас 
| Three-State (ОН State} Input Current g Its) T ҺА 
(V = 0.4 to 2.4V, Мсс = 5.25V) 
00-07 — — = 10 
р Output High Voltage Vou | 
(Поло = 100м Айс, Усс = 4.75V) 
00-07, A0-A11, OE, СЕ L Vss + 2.4 -- — Vdc 


Output Low Voitage Vo 
(подр = 1.6 тАдс, Усс = 4.75У) | 


00-07, А0-А11, ОЕ, СЕ = Vss + 0.4 Vdc 


Power Dissipation (less EPROM) E Po 0.80 1.20 уу 


| 
= 

Capacitance Е с | [ | | РЕ 
| 


(Vin = 0, ТА = 25°C, f = 1 MHz) 


00-07 (High Impedance State) Cout = == 10 
input Capacitance 4 Cin m = 10 z 
VO Port Pull-up Resistance В, | 3.0 5.0 11.5 коћт 


0720 0598 Г i = 
МАХ MAX |“ ; | 
ES а i pa SS eres 
2020 МАХ .- 4 "E РРА 
= 0050 + 020 
= -- AK --- ы? ! 
2-2 (522: ЗЫН ШЫ BS 0530 59 ~ n as 
А odoo MAX 
PIED EN мк у mE mE M E M E E NE k а 
р : ім 
at EOM 
0010 
~e |-- = 002 0040 
ТУР + 020 
[9590 ——-| —| |-Lo 050 = 015 вотн ENDS Jl is p оз | 42s 
ey | 0.100 + 010 TYP || 0040 + 007 ТУР мм 
[eee ша eect has 9000. ob gn cie e ЧЕЗ 2225 


40-Pin Backpack Package 
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R6500/13 ® R6511Q 
R6500 Microcomputer System 


@ % R6500/13 and R6511Q 


ONE-CHIP MICROCOMPUTER 


and ONE-CHIP MICROPROCESSOR 


SECTION 1 
INTRODUCTION 


.1 FEATURES 


Enhanced 6502 CPU 
—Four new bit manipulation instructions 
e Set Memory Bit (SMB) 
e Reset Memory Bit (RMB) 
e Branch on Bit Set (BBS) 
e Branch on Bit Reset (BBR) 
— Decimal and binary arithmetic modes 
--13 addressing modes 
— True indexing 
256-byte mask-programmable ROM or no ROM* 
192-byte static RAM 
32 bidirectional, TTL-compatible ИО lines (four ports) 
One 8-bit port may be tri-stated under software control 
One 8-bit port may have latched inputs under software 
control 
Two 16-bit programmable counter/timers, with latches 
—Pulse width measurement 
—Asymmetrical pulse generation 
— Pulse generation 
— Interval timer 
—Event counter 
—Retriggerable interval timer 
Serial port 
—Full-duplex asynchronous operation mode 
—Selectable 5- to 8-bit characters 
— Wake-up feature 
— Synchronous shift register mode 
—Standard programmable bit rates programmable 
up to 62.5K bits/sec @ 1 MHz 
Ten interrupts 
—Four edge-sensitive lines; two positive, two negative 
—Reset 
—Non-maskable 
— Two counter underflows 
—Serial data received 
—Serial data transmitted 
Bus expandable to 64K bytes of external memory 


“В65110 has по ROM. 


Flexible clock circuitry 

--2-МН2 or 1-MHz internal operation 

— тета! clock with external XTAL at two or four times 
internal frequency 

— External clock input divided by one, two or four 

1us minimum instruction execution time @ 2 MHz 

NMOS-3 silicon gate, depletion load technology 

Single +5\ power supply 

12 mW stand-by power for 32 bytes of the 192-byte RAM 

64-pin QUIP 


NOTE 


This document uses the term R6500/13 to describe 


both parts. See section 1.3 for a description of the op- 
tions available when using the R6500/13 and the fixed 
features of the R6511Q. 


1.2 SUMMARY 


The Rockwell R6500/13 is a complete, high-performance 
8-bit NMOS-3 microcomputer on a single chip and is com- 
patible with all members of the R6500 family. 


The R6500/13 consists of an enhanced 6502 CPU, an in- 
temal clock oscillator, an optional 256 bytes of Read-Only 
Memory, 192 bytes of Random Access Memory (RAM) and 
versatile interface circuitry. The interface circuitry includes 
two 16-bit programmable timer/counters, 32 bidirectional in- 
put/output lines (including four edge-sensitive lines and input 
latching on one 8-bit port), a full-duplex serial ИО channel, 
ten interrupts and bus expandability. 


The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of 
computational power. These features make the R6500/13 a 
leading candidate for microcomputer applications. 


The R6511Q contains all the features of the R6500/13 except 
it has no ROM and is thus intended as a high feature micro- 
processor with full 65K address bus. 
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To allow prototype circuit development, Rockwell offers a 1.3 CUSTOMER OPTIONS 

PROM-compatible 64-pin extended microprocessor device. ; а : | ; 
This device, the R6511Q, provides all R6500/11 interface ШЕ Т и s available with the following 
lines, plus the address bus, data bus and control lines to in- eustomer:speemec: MaSK options: 

terface with externa! memory. The R6511Q also can be used e Option 1 Crystal ог RC oscillator 

to emulate the R6500/13. With the addition of external cir- e Option 2 Clock divide by 2 or 4 


cuits it can also emulate the R6500/12. 


e Option 3 Clock MASTER Mode ог SLAVE Mode 
Rockwell supports development of the R6500/13 with the М Option ati orwithout:a 236 byte ROM 
System 65 Microcomputer Development System and the • Option 5 Reset Vector at RARE 7FFF | 
86500 Family of Personality Modules. Complete in-circuit • Option 6 Port A with or without internal pull-up resistors 
emulation with the R6500/* Family of Personality Modules e Option 7 Port B with or without internal pull-up resistors 
allows total system test and evaluation. е Option 8 Port С with or without internal pull-up resistors 
This product description assumes that the reader is familiar All options should be specified on an R6500/13 order form. 
with the R6502 CPU hardware and programming capabili- 
ties. A detailed description of the R6502 CPU hardware is The R6511Q has no customer specified mask options. it has 


included in the R6500 Microcomputer System Hardware 
Manual (Document Number 29650N31). A description of the у 
instruction capabilities of the R6502 CPU is contained in the e Crystal Oscillator 
R6500 Microcomputer System Programming Manual (Doc- Clock Divide by 2 
ument Number 29650N30). Clock MASTER Mode 


• 
• 
e Without ROM 
• 
• 


the following characteristics. 


Reset Vector at FFFC 
No internal pull-up resistors or any Port (PA, PB, or PC) 
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Figure 2-1. Mechanical Outline & Pin Out Configuration 
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SECTION 2 
R6511Q AND R6500/13 INTERFACE REQUIREMENTS 


Tabie 2-1. R6500/13 Pin Descriptions 


This section describes the interface requirements for the 
В65110 and R6500/13. Figure 2-1 and 2-2 show the inter- 
face Diagram and the pin out configuration for both devices. 
Table 2-1-describes the function of each pin. Figure 3-1 has 
a detailed block diagram of the R6500/13 ports which illus- 
trates the internal function of the device. 


хти CLOCK 


EDGE DETECT 


DSCILLATOR 
VaR 
AES —— 
INTERRUPT 
RM — — LOGIC PORTA 
Ме 
у, 
B * CPU PORT В 
$2 
192.8 PORT 
RAM E 
080-087 < с, 
А0-А12, A15 С. 
SVNC BUS CONTROL PORTD 
AW 4—1 
16 BIT 


CONTROL 
REGISTERS 


COUNTER/LATCH 
A 


16 BIT 
COUNTER/LATCH 
B 


965118 


SERIAL RECEIVE, 
TRANSMIT 
REGISTERS 


6500/13 


KOSO — PAO-PA7 (PAO, РАТ, 
Ра2, РАЗ: 
EDGE DETECTS) 


== Ds (РАО) 
(DATA STROBE)’ 


KIE  PCO-PC7KA132, A14 
(Full address mode) 


KO РрбРО7/ 


| —— СА (Pay 
4—8 CB (PAS) 


I— SO (PAS) 
|-«— — Si (РА?) 


"MULTIPLEXED FUNCTIONS PINS (Software Selectabie) 


ҚОЮ» РВО-РВ? (LATCHED INPUTS) 


{РАТА/АООЯ BUS (А4-А11)) 


Figure 2-2. Interface Diagram 
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Pin No. 


Description 


Signal Name 
Мес 


Ма 


Vss 
XTLI 


XTLO 


РАО-РА7 
РВО-РВ7 
РСО-РС7 
PDO-PD7 


А0-А12, A15 


080-087 


SYNC 


R/W 


21 
43 


44 
42 


41 


45 


23 


39-32 
31-24 
54-61 
62-64, 
1-5 


20-7 


53-46 


22 


40 


Main power supply +5V 
Separate power pin for RAM. 
In the event that Vee power 
is off, this power retains НАМ 
data. 

Signal and power ground (OV) 
Crystal or clock input for in- 
ternal clock oscillator. Also| 
allows input of X1 clock sig- 
nal if XTLO is connected 10 
Vss: ог X2 or ХА clock if XTLO 
is floated. 

Crystal output from internal 
clock oscillator. 

The Reset input is used to 
initialize the device. This sig- 
nal must not transition from| 
low to high for at least eight| 
cycles after Vec reaches op- 
erating range and the inter- 
па! oscillator has stabilized. 
Clock signal output at inter- 
nai frequency. 

Anegative going edge on the 
Non-Maskable interrupt sig- 
nal requests that а поп- 
maskable interrupt be gen-| 
erated with the CPU. 

Four 8-bit ports used for 
either input/output. Each line 
of Ports A, B and C consists 
of an active transistor to Vss 
and an optional passive рий- 
up to Vcc. In the abbreviated 
or multiplexed modes of op- 
eration Port C has an active 
pull-up transistor. Port D 
functions as either an 8-bit 
input or 8-bit output port. it 
has active pull-up and pull- 
down transistors. 

Fourteen address lines used 
to address а complete 
65K external address space. 
Note: A13 & A14 are sourced 
through PC6 & РС7 when in 
the Full Address Mode. 
Eight bidirectional data bus 
lines used to transmit data to 
and from external memory. 
SYNC is a positive going sig- 
nal for the full clock cycle 
whenever the CPU is рег- 
forming an OP CODE fetch. 
Controls the direction of data 
transfer between the CPU 
and the external 65K ad- 
dress space. The signal is 
high when reading and low 
when writing. 
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SECTION 3 
SYSTEM ARCHITECTURE 


This section provides a functional description of the R6500/ 
13. Functionally the R6500/13 consists of a CPU, both RAM 
and optional ROM memories, four 8-bit parallel /О ports, а 
serial /О port, dual counter/latch circuits, a mode control reg- 
ister, and an interrupt flag/enable dual register circuit. A block 
diagram of the system is shown in Figure 3-1. 


NOTE 


Throughout this document, unless specified otherwise, 
all memory or register address locations are specified 
in hexadecimal notation. 


3.1 CPU LOGIC 


The R6500/13 internal CPU is a standard 6502 configuration 
with an 8-bit Accumulator register, two 8-bit Index Registers 
(X and Y); an 8-bit Stack Pointer register, an ALU, a 16-bit 
Program Counter, and standard instruction register/decode 
and internal timing control logic. 


3.1.1 Accumulator 


The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 


3.1.2 Index Registers 


There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address—the sum of 
the program counter contents and the index register contents. 


When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address 
and modifies the address from memory by adding the index 
register to it prior to loading or storing the value of memory. 


Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 


3.1.3 Stack Pointer 


The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack manipulation in response to either 
user instructions, an internal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the user program. 


The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may 
be accessed only from the top. The address of a memory 
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location is stored (ог "ризћед") onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1. The Stack Pointer is then piaced on the Address Bus and 
data are read from the memory location addressed by the 
Pointer. 


The stack is located on zero page, i.e.. memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOF F. 


3.1.4 Arithmetic And Logic Unit (ALU) 


All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 
(except the Program Counter}. The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 


Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 


3.1.5 Program Counter 


The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed cn the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 


3.1.6 Instruction Register and Instruction Decode 


Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register, then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 


3.1.7 Timing Control 


The Timing Control Logic Keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 
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3.1.8 Interrupt Logic 


Interrupt logic controls the sequencing of three interrupts; 
RES, NMI and IRQ. IRQ is generated by any one of eight 
conditions: 2 Counter Overtiows, 2 Positive Edge Detects, 
2 Negative Edge Detects, and 2 Serial Port Conditions. 


3.2 NEW INSTRUCTIONS 


In addition to the standard R6502 instruction set, four new 
bit manipulation instructions have been added to the R6500/ 
13. The added instructions and their format are explained in 
the following paragraphs. Refer to Appendix A for the Op 
Code mnemonic addressing matrix for these added instruc- 
tions. The four added instructions do not impact the CPU 
processor status register. 


3.2.1 Set Memory Bit (SMB m, Addr.) 


This instruction sets to "1" one of the 8-bit data field specified 
by the zero page address (memory or /О port). The first byte 
ofthe instruction specifies the SMB operation and one of eight 
bits to be set. The second byte of the instruction designates 
address (0-255) of the byte to be operated upon. 


3.2.2 Reset Memory Bit (RMB m, Addr.) 


This instruction is the same operation and format as SMB 
instruction except a reset to "0" of the bit results. 


3.2.3 Branch On Bit Set Relative (BBS m, Addr, 
DEST) 


This instruction tests one of eight bits designated by a 3-bit 
immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
МО ports). The third byte of the instruction is used to specify 
the 8-bit relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
sequential instruction is executed. 


3.2.4 Branch On Bit Reset Relative (BBR m, 
Addr, DEST) 


This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested 
is a "0". 
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3.3 READ-ONLY-MEMORY (ROM) 


The optional ROM consists of 256 bytes mask programmable 
memory with an address space from 7F00 to ТЕБЕ. ROM 
locations FFFA to FFFF are assigned for interrupt vectors. 
The reset vector can be optionally at 7FFE or FFFC. 


The R6511Q has no ROM and its Reset vector is at ЕРЕС. 


3.4 RANDOM ACCESS MEMORY (RAM) 


The RAM consists of 192 bytes of read/wrile memory with 
an assigned page zero address of 0040 through OOFF. The 
R6500/13 provides a separate power pin (Ven) which may be 
used for standby power for 32 bytes locatec! at 0040-005F. 
in the event of the loss of Vec power, the lowest 32 bytes of 
RAM data will be retained if standby power is supplied to the 
Var pin. if the RAM data retention is not required then Va 
must be connected to Усс. During operation Vee must be at 
the Vec level. 


For the RAM to retain data upon loss of Усс, Ver must be 
supplied within operating range and RES must be driven low 
at least eight 02 clock pulses before Vec falls out of operating 
range. RES must then be held low while Vcc is out of oper- 
ating range and until at least eight 02 clock cycles after Vec 
is again within operating range and the internal 02 oscillator 
is stabilized. Уз» must remain within Vo, operating range 
during normal operation. When Ves is out of cperating range, 
Var must remain within the Va retention range in order to 
retain data. Figure 3.2 shows typical waveforms. 


RAM OPERATING MODE ВАМ RETENTION MODE 


ER 

-— 

-o 0 ть 
1 INITIAL APPLICATION OF Усс AND Van. (O) 

2 LOSS OF Усс, RAM ON STANDBY POWER. 

З REAPPLICATION OF Vc. 

4 >8 $2 CLOCK PULSES AFTER OSCILLATOR STABILIZATION 
5 >8 92 CLOCK PULSES. 


Figure 3-2. Data Retention Timing 
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3.5 CLOCK OSCILLATOR 


The R6511Q has been configured for a crystal oscillator, a 
divide by 2 countdown network, and for Master Mode 
Operation. 


Three customer selectable mask options are available for 
controlling the R6500/13 timing. The R6500/13 can be ordered 
with a crystal or RC oscillator, a divide by 2 or divide by 4 
countdown network and for clock master mode or clock 
slave mode operation. 


For 2MHz interval operation the divide-by-2 options must be 
specified. 


A reference frequency can be generated with the on-chip 
oscillator using either an external crystal or an external resistor 
depending on the mask option selected. The oscillator ref- 
erence frequency passes through an internal countdown net- 
work (divide by 2 or divide by 4 option) to obtain the internal 
operating frequency (see Figures 3-3a and 3-3b). The external 
crystal generated reference frequency is a preferred method 
since the resistor method can have tolerances approaching 
50%. 


Internal timing can also be controlled by driving the XTLI pin 
with an external frequency source. Figure 3-3c shows typical 
connections. If XTLO is left floating, the external source is 
divided by the internal countdown network. However, if XTLO 


XTLI finr = 1 MHz 
Я = 2.4K R6500/13 (USE + 4) 
XTLO fexr = 4 MHz 


A. RESISTOR INPUT 


XTLI , И 
= < z 
2-4 MHz C—3 н6500/13 7 
XTLO fexr = 2X or 4X fint 


B. CRYSTAL INPUT 


2-4 MHz XTLI 
fint = <2 MHz 


R6500/13 pet 
мс dxtto EXT 7 2X or 4X fir 


Vcr 


300 0 
1-2 MHz XTLI 
fnr = 10r 2 MHz 
R6500/13 | 4 
XTLO ext = мт 


Vss = 
С. CLOCK INPUTS 


Figure 3-3. Clock Oscillator Input Optlons 
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is tied to Vss, the internal countdown network is bypassed 
causing the chip to operate at the frequency of the external 
source. 


The operation escribed above assumed a CLOCK MASTER 
MODE mask option. In this mode a frequence source (crystal, 
RC network, or external source) must be applied to the XTLI 
and XTLO pins. 


Note: 
When operating at a 1 MHz internal frequency place a 
15-22 pt capacitor between XTLO and GND. 


$2 is a buffered output signal which closely approximates the 
internal timing. When a common external source is used to 
drive multiple devices the internal timing between devices as 
well as their $2 outputs will be skewed in time. If skewing rep- 
resents a system problem it can be avoided by the 
Master/Slave connection and options shown in Figure 3-4. 


One R6500/13 is operated in the CLOCK MASTER MODE 
and a second in the CLOCK SLAVE MODE. Mask options 
in the SLAVE unit convert to (2 signal into a clock input pin 
which is tightly coupled to the internal timing generator. As 
a result the internal timing of the MASTER and SLAVE units 
are synchronized with minimum skew. If the $2 signal to the 
SLAVE unit is inverted, the MASTER and SLAVE UNITS 
WILL OPERATE OUT OF PHASE. This approach allows the 
two devices to share external memory using cycle stealing 
techniques. 


R6500/13 


92 (OUTPUT CLOCK) 


MASTER 


——., INVERTER USED 
! | WHEN SLAVE IS 
| | ТО ОРЕЯАТЕ 
--- OUT OF PHASE 
WITH MASTER 


Figure 3-4. Master/Slave Connections 
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3.6 MODE CONTROL REGISTER (MCR) 


The Mode Control Register contains control bits for the mul- 
tifunction ИО ports and mode select bits for Counter A and 
Counter B. its setting, along with the setting of the Serial 
Communications Control Register (SCCR), determines the 
basic configuration of the R6500/13 in any application. Ini- 
tializing this register is one of the first actions of any software 
program. The Mode Control Register bit assignment is shown 
in Figure 3-5. 


ГЕТЕ ес 
ounter А 
Counter В Моде Зејес! 
Mode Select 0 0 Interval Timer 
Q ——— 1 Pulse Generation 
1— 0 Event Counter 
Bus Mode Зејес! 1 1 Pulse Width Meas. 
0 —— 0 Interval Timer 
0 —— 1 Asymmetric Puise Generation 
1 —— 0 Event Counter 


1 
Port B Latch 
(1 = Enabled) 
L Port D Tri-State 
(0- Trl State High Impedance Mode) 


1 Retriggereble interval Timer 


D 0 Full Address 
0 1 Norma! 
1—0 Abbr. Виз 

1 1 Mux'd. Bus 


Figure 3-5. Mode Control Register 


The use of Counter A Mode Select is shown in Section 6.1. 
The use of Counter B Mode Select is shown in Section 6.2. 
The use of Port B Latch Enable is shown in Section 4.4. 


The use of Port D in Tri-State Enable is shown in Section 
4.6. 


The use of Bus Mode Select is shown in Section 4.5 and 4.6. 
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3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (IER) 


An IRQ interrupt request can be initiated by any or all of eight 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
simultaneous interrupts cause the IRQ interrupt request to 
remain active until all interrupting conditions have been 
serviced and cleared. 


The Interrupt Flag Register contains the nformation that 
indicates which I/O or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 
0010. The RMB X, (0010) instruction reads FF, modifies bit 
X to a "0", and writes the modified value at address location 
0011. In this way IFR bits set to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. A logic "1" is ignored when writing to 
edge detect IFR bits. 


Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the 
respective bit position at location 0012. Individual IER bits 
may be cleared by writing а "О" in the respective bit position, 
or by RES. If set to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignrnents are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1. 
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Addr 0012 


IFR Addr 0011 


PAO Positive 
Edge Detect 
РА1 Positive 

Edge Detect 

PA2 Negative 

Edge Detect 

РАЗ Negative 

Edge Detect 

Counter A 

Underflow Fiag 

Counter B 

Undertiow Fiag 

Receiver 

Fiag 

XMTR 
Flag 


әз -із ee 


Figure 3-6. Interrupt Enable and Flag Registers 


Table 3-1. Interrupt Flag Register Bit Codes 


Function 


PAO Positive Edge Detect Над—5е! to a "1" when a positive going edge is detected on PAO. 
Cleared by RMB О (0010) instruction or by RES. 


PA1 Positive Edge Detect Flag—Set to a 1 when a positive going edge is detected on РАТ. 
Cleared by RMB 1 (0010) instruction or by RES. 


PA2 Negative Edge Detect Flag—Set to a 1 when a negative going edge {3 detected on PA2. 
Cleared by RMB 2 (0010) instruction or by RES. 


РАЗ Negative Edge Detect Flag— Set to 1 when a negative going edge is detected on РАЗ. 
Cleared by RMB 3 (0010) instruction or by RES. 


Counter А Underflow Flag—Set to а 1 when Counter A ипдетом occurs. Cleared by reading 
the Lower Counter A at location 0018, by writing to address location 001A, or by RES. 


Counter В Underflow Flag— Set to а 1 when Counter B underflow occurs. Cleared by reading 
the Lower Counter В at location 001C, by writing to address location 001Е, or by RES. 


Receiver Interrupt Flag— Set to a 1 when any of the Serial Communication Status Register bits 
0 through 3 is set to a 1. Cleared when the Receiver Status bits (SCSR 0-3) are cleared or by 
RES. 


Transmitter Interrupt Flag— Set to а 1 when SCSR 6 is set to a 1 while SCSR 5 is a 0 or SCSR 
7 is set to a 1. Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8 PROCESSOR STATUS REGISTER 


The 8-bit Processor Status Register, shown in Figure 3-7, 
contains seven status flags. Some of these flags are 
controlled by the user program; others may be controlled both 
by the user's program and the CPU. The R6502 instruction set 
contains a number of conditional branch instructions which are 
designed to allow testing of these flags. Each of the eight pro- 
cessor status flags is described in the following sections. 


3.8.1 Carry Bit (C) 


The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 

‚ eighth bit has occurred or cleared to logic 0 if no сату 
occurred as the result of arithmetic operations. 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 


3.8.2 Zero Bit (Z) 


The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 


zero. This bit is cleared to logic 0 when the resultant 8 bits 
of a data movement or calculation operation are not all zero. 
The R6500 instruction set contains no instruction to specifi- 
cally set or clear the Zero Ви, The Zero Bit is, however, 
affected by the following instructions; ADC, AND, ASL, BIT, 
СМР, CPX, CPY, DEC, DEX, DEY, ЕОН, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 


3.8.3 Interrupt Disable Bit (I) 


The Interrupt Disable Bit (I) is used to ccntrol the servicing 
of an interrupt request (IRO). if the | Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1, the 
IRQ signal will be ignored. The CPU will set the Interrupt 
Disable Bit to logic 1 if a RESET (RES), IRQ, or Non-Mask- 
able Interrupt (NMI) signal is detected. 


The | bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit is set by the BRK Instruction. The Return from Inter- 
гирі (RTI) and Pull Processor Status (PL) instructions will 
also affect the i bit. 


CARRY (С) (1) 


1- Carry Set 
0 = Carry Clear 


ZERO (2) (Г) 


1 = Zero Result 
= Non-Zero Result 


INTERRUPT DISABLE ()(2) 


1 = IRQ Interrupt Disabled 
0 = IRQ Interrupt Enabled 


DECIMAL MODE (0) (T) 


1 = Decimal Mode 
0 = Binary Mode 


BREAK COMMAND (8) (7) 


reak Command 
lon Break Command 


DVERFLOW (O)(T) 


1- Overflow Set 
0 = Overflow Clear 


NOTES 
(0 Not initialized by RES 


(2) Set to Logic 1 by RES 


NEGATIVE NO 


1= Negative Value 
0- Postive Value 


Figure 3-7. Processor Status Register 
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3.8.4 Decimal Mode Bit (D) 


The Decimal Mode Bit (D) is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1, the adder 
operates as a decima! adder. When this bit is cleared to logic 
0, the adder operates as а straight binary adder. The adder 
mode is controlled only by the programmer. The Set Decima! 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction clears it. The PLP and RTI instruc- 
tions also affect the Decima! Mode Bit. 


CAUTION 


The Decima! Mode Bit will either set or clear in an 
unpredictable manner upon power application. This bit 
must be initialized to the desired state by the user pro- 
gram or erroneous results may occur. 


3.8.5 Break Bit (B) 


The Break Bit (B) is used to determine the condition which 
caused the IRQ service routine to be entered. If the IRG ser- 
vice routine was entered because the CPU executed a BRK 
command, the Break Bit will be set to logic 1. If the IRQ rou- 
tine was entered as the result of an IRG signal being gen- 
erated, the В bit will be cleared to logic 0. There are по 
instructions which can set or clear this bit. 


3.8.6 Overflow Bit (V) 


The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 « n « 127). 
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This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or —128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 


The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction—which may be used to sample interface 
devices—allows the overflow Над to reflect the condition of 
bit 6 in the sampled field. During a BIT instruction the Over- 
flow Bit is set equal to the content of the bit 6 on the data 
tested with BIT instruction. When used in this mode, the 
overflow has nothing to do with signed arithmetic, but is just 
another sense bit for the microprocessor. Instructions affecting 
the V flag are ADC, BIT, CLV, PLP, АТ! and SBC. 


3.8.7 Negative Bit (N) 


The Negative Bit (N) is used to indicate that the sign bit (bit 
7) in the resulting value of a data movement or data arith- 
metic operation is set to logic 1. !f the sign bit is set to logic 
1, the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The 
instructions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
НОВ, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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SECTION 4 
PARALLEL INPUT/OUTPUT PORTS 
& BUS MODES 


The devices have 32 І/О lines grouped into four 8-bit ports 
(PA, PB, PC, and PD). Ports A through C may be used either 
for input or output individually or in groups of any combination. 
Port D may be used as all inputs or all outputs. 


Multifunction I/O's such as Port A and Port C are protected 
from normal port VO instructions when they are programmed 
to perform a multiplexed function. 


Internal pull-up resistors (FET's with an impedance range of 
ЗК = НВ = 12K ohm) are provided on all port pins except 
Port D. A mask option to delete the internal pull-ups in 8-bit 
port groups is available. 


The direction of the 32 I/O lines are controlled by four 8-bit 
port registers located in page zero. This arrangement pro- 
vides quick programming access using simple two-byte zero 
page address instructions. There are no direction registers 
associated with the ИО ports, thus simplifying I/O handling. 
The ИО addresses are shown in Table 4-1. Appendix E.6 
shows the I/O Port Timing. 


Table 4-1. I/O Port Addresses 
Port Address 
A 0000 
B 0001 
с 0002 
D 0003 
4.1 INPUTS 


Inputs for Ports A, B, and C are enabled by loading logic 1 
into all ИО port register bit positions that are to correspond 
to I/O input lines. A low («0.8V) input signal will cause a logic 
0 to be read when a read instruction is issued to the port 
register. A high (>2.0V) input will cause a logic 1 to be read. 
An RES signal forces all I/O port registers to logic 1 thus 
initially treating all ГО lines as inputs. 
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Port D may only be all inputs or all outputs. All inputs is 
selected by setting bit 5 of the Mode Control Register (MCR5) 
to a "0". 


The status of the input lines can be interrogated at any time 
by reading the I/O port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the I/O port registers. 


Read/Modify/Write instructions can be used to modify the 
operation of PA, PB, PC, & PD. During the Read cycle of a 
Read/Modify/Write instruction the Port ЏО register is read. 
For all other read instructions the port input lines are read. 
Read/Modify/Write instructions are: ASL, DEC, INC, LSR, 
RMB, ROL, ROR, and SMB. 


4.2 OUTPUTS 


Outputs for Ports A thru D are соптоес by writing the 
desired ЏО line output states into the corresponding I/O port 
register bit positions. A logic 1 will force a high (>2.4V) 
output while a logic 0 will force a low (<0.4'V) output. 


Port D all outputs is selected by setting MCR5 to a "1". 


4.3 Port A (PA) 


Port A can be programmed via the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, I/O port 
or as serial channel I/O lines, counter ИО lines, or an input 
data strobe for the Port B input latch option. Table 4-2 tab- 
ulates the control and usage of Port A. 


In addition to their normal I/O functions, PAO and PA1 сап 
detect positive going edges and РА? and РАЗ can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit in the ЈЕР and generate an 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detected is one- 
half the #2 clock rate. Edge detection timing is shown іп Ар- 
pendix Е.5. 


РАО (2) 
PIN 39 


PA1 (2) 
PIN 38 
РА? (3) 
PIN 37 
РАЗ (3) 
PIN 36 


РАО VO 


SIGNAL 
NAME 


PAO vO PORT B 
LATCH STROBE 


РА1-РАЗ /О 
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Table 4-2. Port A Control & Usage 
PORT B LATCH MODE 
MCR4 = 1 
SIGNAL 


TYPE NAME 


INPUT (1) 


SIGNAL 


PA4 I/O 


COUNTER А/О 


=0 MCRO = 1 
МСАТ = 0 MCR1 = 0 
SCCR7 = SCCR7 = 0 
РА4 RCVR S/R MODE = 0 RCVR S/R MODE = 0 
PIN 35 (4) (5) (4) 
SIGNAL SIGNAL 


— 
NAME 


OUTPUT 
SERIAL ИО SHIFT REGISTER CLOCK 


SCCR7 = 1 
SCCRS = 1 (4) 


RCVR S/R MODE = 1 


SIGNAL SIGNAL 


NAME 


TYPE NAME | ТУРЕ 


XMTR CLOCK 


PAS I/O 


OUTPUT RCVR CLOCK INPUT (1) 


COUNTER В I/O 


MCR3 = 0 
MCR2 = 0 


SIGNAL 


PAG I/O 


SERIAL I/O 


XMTR OUTPUT 1) Hardware Buffer Float 


SCCR7 = 


5 2) Positive Edge Detect 


SCCR7 = 1 


SIGNAL 


( 
( 
(3) Negative Edge Detect 
( 


SIGNAL 4) RCVR S/R Mode = 1 when SCCR6 


• SCCR5 · SCCR4 = 1 


РАТ ИО 


(5) For the following mode combina- 
tions РА4 is availiable as an input 
only pin: 
SCCR7*SCCR6*SCCRS*MCR1 
+ SCCR7*SCCR6*7SCCRAeMCR1 
+ SCCR7*SCCR6*SCCRS 


OUTPUT 


SERIAL ИО 
RCVR INPUT 


SCCR6 = 


+ SCCR7*SCCR5C*SCCRA. 


0 SCCR6e = 1 


SIGNAL 


SIGNAL 


TYPE 


INPUT (1) 
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4.4 PORT B (PB) 


Port B can be programmed as an 8-bit, bit-independent 1/O 
port. It has a latched input capability which may be enabled 
or disabled via the Mode Control Register (MCR). Table 
4-3 tabulates the control and usage of Port B. An Input Data 
Strobe signal must be provided thru РАО when Port B is pro- 
grammed to be used with latched input option. input data 
latch timing for Port B is shown in Appendix E.5. 


Table 4-3. Port B Control & Usage 


Latch 
ИО Mode Mode 
МСРА = 1 
| _ | МСВА = 0 (2) 
A Signal Signal 
Pin Pin Type Т 
# Мате Мате (1) Мате Туре 
dl poa ON Қалта, А лікте 
31 РВО РВО Џеј РВО INPUT 
30 PB1 PB1 Џеј РВ! INPUT 
29 PB2 PB2 Џеј РВ2 INPUT 
28 PB3 PB3 Ше) РВЗ INPUT 
27 PB4 PB4 yo РВ4 INPUT 
26 РВ5 РВ5 Џеј РВ5 INPUT 
25 PB6 РВб Џеј PB6 INPUT 
24 PB7 PB7 Ше) РВ7 INPUT 
|. ——— —À-. — —— 4 
(1) Resistive Pull-Up, Active Buffer Pull-Down 
(2) Input data is stored in Port B latch by PAO Pulse 


4.5 PORT C (PC) 


Port C can be programmed as an I/O port, as part of the full 
address bus, and, in conjunction with Port D, as an abbre- 
viated bus, or as a multiplexed bus. When operating in the 
Full Address Mode PC6 and PC7 serve as A13 and A14 with 
PCO-PC5 operating as normal I/O pins. When used іп the 
abbreviated or multiplexed bus modes, PCO-PC7 function as 
АО-АЗ, A12, R/W, A13, and EMS, respectively, as shown in 
Table 4-4. EMS (External. Memory Select) is asserted (low) 
whenever the internal processor accesses memory area 
between 0100 and 3FFF. (See Memory Map, Appendix B). 
The leading edge of EMS may be used to strobe the eight 
address lines multiplexed on Port D in the Multiplexed Bus 
Mode. See Appendices E.3 through E.5 for Port C timing. 


4.6 PORT D (PD) 


Port D can be programmed as an I/O Port, an 8-bit tri-state 
data bus, or as a multiplexed bus. Mode selection for Port 
D is made by the Mode Control Register (MCR). The Port D 
output drivers can be selected as tri-state drivers by setting 
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bit 5 of the MCR to 1 (one). Table 4-5 shows the necessary 
settings for the MCR to achieve the various modes for Port 
D. When Port D is selected to operate in the Abbreviated 
Mode PDO-PD7 serves as data register bits 00-07. When 
Port D is selected to operate in the Multiplexed Mode data 
bits DO through D7 are time rnultiplexed with address bits A4 
through A11, respectively. Refer to the Memory Maps 
(Appendix C) for Abbreviated and Multiplexed memory as- 
signments. See Appendices Е.3 through E.5 for Port D timing. 


4.7 BUS MODES 


A special attribute of Port C and Port D is their capability to 
be configured via the Mode Control Register (see Section 
3.6) into four different modes. 


In the Full Address Mode, the separate address and data bus 
are used in conjunction with PC6 and РС7, which automat- 
ically provide A13 and A14. The remaining ports perform the 
normal /О function. 


In the I/O Bus Mode all ports serve as I/O. The address and 
data bus are still functional but without A13 and A14. Since 
the internal RAM and registers are in the OOXX location, A15 
can be used for chip select and А0-А12 used for selecting 
8K of external memory. Thus, the device can be used to 
emulate the R6500/11 in the Normal Bus Mode. 


In the Abbreviated Bus Mode, the address and data lines can 
be used as in the I/O Bus Mode to emulate the R6500/11. 
Port C and Port D are automatically transformed into ап 
abbreviated address bus and contro! signals (Port C) and a 
bidirectional data bus (Port D). 64 Peripheral addresses can 
be selected. In general usage, these 64 addresses would be 
distributed to several external ИО devices such as R6522 
and R6520, etc., each of which may contain more than one 
unique address. 


п the Multiplexed Bus Mode, the operation is similar to the 
Abbreviated Mode except that a full 16K of external addresses 
are provided. Port C provides the lower addresses and con- 
trol signals. Port D multiplexes functions. During the first half 
of the cycle it contains the remaining necessary 8 address 
bits for 16K; during the second haif of the cycle it contains 
a bidirectional data bus. The address bits appearing on Port 
D must be latched into an external holding register. The 
leading edge of EMS, which indicates that the bus function 
is active, may be used for this purpose. 


Figures 4-1a thru 4- 1d show the possible configurations of the 
four bus modes. Figure 4-2 shows a memory map of the port 
as a function of the Bus Mode and further shows which 
addresses are active or inactive on each of the three possible 
buses. 
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Table 4-4. Port C Control & Usage 


Full Address Abbreviated B Multiplexed 
Mode МО Mode Mode L Mode 
MCR7 = 0 МСАТ = 0 MCR7 = 1 MCR7 = 1 
MCR6 = 0 MCR6 = 1 MCR6 = MCR6 = 1 
E | Signai Signal Signai Signai 
Pin Pin Type Type Type 
# Name Name Type Name (1) Name (2) Name (2) 
| __ J 
54 PCO (77 со МО (1) РСО Ше) А0 OUTPUT AO OUTPUT 
55 PC1 PC1 VO (1) РС Ше) А OUTPUT А1 OUTPUT 
56 PC2 PC2 МО (1) РС? МО A2 OUTPUT A2 OUTPUT 
57 PC3 PC3 МО (1) PC3 МО АЗ OUTPUT A3 OUTPUT 
58 PC4 PC4 МО (1) РСА МО А12 OUTPUT А12 OUTPUT 
59 РС5 РС5 VO (1) PC5 МО АМ OUTPUT RW OUTPUT 
60 PC6 A13 OUTPUT (2) PC6 МО A13 OUTPUT A13 OUTPUT 
61 PC7 А14 OUTPUT (2) PC7 Шо) ЕМ5 OUTPUT EMS OUTPUT 
(1) Resistive Pull-Up, Active Buffer Pull-Down 
(2) Active Buffer Pull-Up and Pull-Down 


Table 4-5. Port D Control & Usage 


Abbreviated 
МО Modes Mode Multiplexed Mode 
MCR7 = 0 МОЯ? = 0 МСА? = 1 МСА? = 1 | 
MCR6 = X MCR6 - X MCR6 - 0 MCR6 = 1 
MCR5 = 0 МСР5 = 1 MCR5 = 1 | MCR5 = 1 
Signal Signai Signai Signai Signal 
Pin Pin Type Type Type $2 Low 4 92 High —] 
# Мате Мате {1) Мате (2) Мате (3) _ Name Type (2) Name Type (3) 
62 PDO PDO INPUT PDO OUTPUT DATAO VO A4 OUTPUT | БАТАО VO | 
63 PD1 PD1 INPUT PD1 OUTPUT DATA1 [Де] АБ OUTPUT DATA1 Vo 
64 PD2 PD2 INPUT PD2 OUTPUT DATA2 МО Аб OUTPUT | DATA2 Џо) 
1 РОЗ РОЗ INPUT PD3 OUTPUT ОАТАЗ yo A7 OUTPUT DATA3 vO 
2 PD4 PD4 INPUT PD4 OUTPUT DATA4 Пе) AB OUTPUT DATA4 yo 
3 PD5 PD5 INPUT PD5 OUTPUT DATAS [Де] А9 OUTPUT DATAS yo 
4 PD6 PD6 INPUT PD6 OUTPUT DATA6 [Де] A10 OUTPUT DATA6 МО 
5 РО7 РО7 L INPUT PD7 OUTPUT DATA7 Ше] А11 OUTPUT DATA7 VO 
(1) Tri-State Buffer is in High Impedance Mode 
(2) Tri-State Buffer is in Active Mode 
(3) Tri-State Buffer is in Active Mode only during the phase 2 portion of a Write Cycle 
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965119 OR 5500/13 


Шым Бой 


PORT А 


PORTB 


PORTC 


PORTD 


=> 


А13 (PCB) 
AM (РС?) 
92 UP TD вак 
RA OF EXTERNAL 
VO OR MEMORY 
SYNC ACTIVE FROM 
0004-0007, 
DATA BUS & 0100FFFF 
ова? 


VECTORS АТ 
FFFA-FFFF 


AOORESS BUS. 


Арала, АЛБ 


A. FULL ADDRESS MDDE 


885110 OR R6500/13 


B-BITS PORTA 
Qm m 


хпо ---- 
Ж —_$_— 


М — ———————n 
Ye um 
ба 
ны ш ——+ 
m. 


965110 OR 9500/43 


|. 


RAW (PCS) 


UP TO 64 BYTES OF 
EXTERNAL 
VO OR MEMORY 


0100-810F, 
1000-100F, 


DATA BUS (PDC-PD7) 


2000-200F, 


АРАЗ, A12, A13 (РС0-4,0) 
Б. 3000-300F 


EMS (РС?) 
RW 
SYNC бабасын UP ТО 32K 
OF EXTERNAL 


VO OR MEMORY 
ACTIVE FROM 


0004-000F, 
. 
4000-BFFF 


VECTORS AT 
BFFA-BFFF 


DATA BUS. 
K 088-057 
AODAESS BUS 
АФА12. A15 


— (PCA) 


С. ABBREVIATED BUS MDDE 


Уы -----------» 
-ң У » 
NM 


позтта OR Ré500/13 


ADDRESS BUS 


PORTA 


PORT B 


PORT С 


зовто 


DATA BUS 
088-087 


AHAI, A15 


В. NDRMAL BUS МОРЕ 


D. MULTIPLEX 


BITS > PORTA 
aats > 
BAR (PCS) 


PORT В 


А12, A13 (РСЊА, В) 


ADDRESS BUS 
АВ-А12, А15 


SYNC 
UP TO 32K 
DATA BUS EXTERNAL 10 OR 
MEMORY 
pay OB ACTIVE FROM 
[ 0004-0007, 
4000-BFFF 


VECTORS АТ ) 
BFFA-BFFF 


UP TO 16K-244 
OF EXTERNAL 

tO OR MEMORY 
ACTIVE FROM | 


0004-00, 
0100ТЕРЕ. 

а BODQ-DFFF 
(VECTORS AT 
GFFA-SEFF) 


UP TO 16K-255 
OF EXTERNAL 
VO OR MEMORY 


[ ACTIVE FROM 
0100-3FFF 


ED BUS MODE 


"LATCH SUCH AS 74L8 373 


Figure 4-1. 
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Bus Mode Configurations 
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ABBREVIATED MULTIPLEXED NORMAL FULL ADDRESS 
MODE MODE MODE MODE 


NI FFFF 
В | 8000 
\ INTERNAL BOOT 


STRAP ROM 
(R6500/13 ONLY 


4000 
3FFF 
EMS VALID 
(WHEN ABBR OR | 1FFF 
MUX MODE 
SELECTED) 
0100 
ООЕР 
ВАМ АМО 
INTERNAL 
REGISTERS 
0010 
000Ғ 
9003 
м E ie 
о о о o о о оо o о o0 о MEMORY 
a a2 а a as m а ш 8 a am AREA 
tr al -l tt a = tt = a £t ж a 
82 = 822 8 = 2 EE 2 
S Hou 3s Bu A аё 5 55 ACTIVE 
Е = E. oe ы E = 
5 5 5 
25 = 322 ЗЕЕ 2 5 2 
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(OPTION DEPENDENT) 


INACTIVE 


ES 
ЦС РР 
% 
| 


к 


Figure 4-2. Memory Мар 
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SECTION 5 
SERIAL INPUT/OUTPUT CHANNEL 


The device provides a full duplex Serial I/O channel with pro- 
grammabie bit rates and operating modes. The serial I/O 
functions are controlled by the Serial Communication Control 
Register (SCCR). The SCCR bit assignment is shown in 
Figure 5-1. The serial bit rate is determined by Counter A for 
all modes except the Receiver Shift Register (RCVR S/R) 
mode for which an external shift clock must be provided. The 
maximum data rate using the internal clock is 62.5K bits per 
second (at 62 = 1 MHZ). The transmitter (XMTR) and receiver 
(RCVR) can be independently programmed to operate in 
different modes and can be independently enabled or 
disabled. 


Addr 0015 


0~Odd Parity 
1--Еуеп Parity 
0 Parity Disable 
1 Parity Enabie 
0—8 Bits/Char 
1~7 Bits/Char 
0—6 Bits/Char 
1~ 5 Bits/Char 
0 0 XMTR & RCVR ASYN Mode 
0 1 XMTR ASYN, RCVR S/R 
1 X XMTR S/R, RCVR ASYN 
0 RCVR Disable 
1 RCVR Enable 


0 XMTR Disable 
1 XMTR Enable 


“фо 


Figure 5-1. Serial Communication Control Register 
Except for the Receiver Shift Register Mode (RCVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled in a 
mode requiring an internal clock. 


Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial /О Port. Refer to Counter A (paragraph 
6.1) for a table of hexadecimal- values to represent the desired 
data rate. 


5.1 TRANSMITTER OPERATION (XTMR) 


The XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown in Figure 5-2. When parity is 
disabled, the 5, 6, 7 or 8 bits of data are terminated with two 
Stop bits. 


— 
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ASYNCHRONOUS MODE WITHOUT PARITY 


1 
nm B-BIT DATA _ азто | 


1 
таят 2 STDP | 


Т-ВІТ DATA | 


mm EBIT DATA азтор 
р 
элд " SBIT DATA 2-STOP 1 


ASYNCHRONOUS MODE WITH PARITY 


1 
START ШЫТ DATA [anre] avoe | 


anl seroma PARCA 
SHIFT REGISTER MODE 8-BIT DATA 
Г“ чом 7” 1и 
SHIFT REGISTER CLOCK (РА4) 
LPL LLL LE Ln 


nrnri 


Figure 5-2. SIO Data Modes 


In the S/R mode, eight data bits are.always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (РА6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/Fi mode the SO output and shift clock are heid 
in a high state. 


The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCSR5, SCSR6 and 
SCSR7. 


IFR7 = SCSR6 (SCSR5 + SCSR7) 


5.2 RECEIVER OPERATION (RCVR) 


The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1." In the ASYN mode, 
data format must have a start bit, the appropriate number of 
data bits, a parity bit (if enabled), and one stop bit. Refer to 
paragraph 5.1 for a diagram of bit allocations. The receiver 
bit period is divided into 8 sub-intervals fcr internal synchro- 
nization. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
of each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-half the bit time after a 
low level is detected on the Несеме Data Input. Framing 
error, over-run, and parity error conditions or à RCVR Data 
Register Full will set the appropriate status bits. Any of the 
above conditions will cause an Interrupt Request if the 
Receiver interrupt Enable bit is set to logic 1. 
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Зепа! 
input 
Start Bit LSB Stop Bit Stop Bit 
internal 
Shift 
cok LFE LF Lot ГОРО 


* Serial input Data Shifted In 


Figure 5-3. ASYN Receive Data Timing 


In the S/R mode, an external shift clock must be provided at 
CA (РА4) pin along with 8 bits of serial data (LSB first) at the 
бі input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 


Serial 

Е БЕДНА CS) БӘБИ ЕВЕ I-II 

External Daten 

өн “ү рту рт ууру гу 

Clock 

Serial 

бирне [ы EDR CES ор 
Ота Ош 

Shift 

Clock {ГОГ ГГ Г г 


* Serial input Data Shifted іп 
** Serial Output Data Makes Transition 


Figure 5-4. S/R Mode Timing 
A RCVR interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 


5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 


The Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 


SCSR 0: Receiver Data Register Full—Set to a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cleared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR 6 = 0. The SCSR 
0 bit will not be set to a logic 1 if the received data 
contains an error condition; instead, a corre- 
sponding error bit will be set to a logic 1. 


SCSR 1: Over-Run Error—Set to a logic 1 when а new char- 
acter is transferred from the Receiver Shift Reg- 
ister with the last character still in the Receiver 
Data Register. This bit is cleared by reading the 
Receiver Data Register or by RES. 


SCSR 2: Рату Error-—Set to logic 1 when the RCVR is in 
the ASYN Mode, Parity Enable bit is set, and the 
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received data has a parity error. This bit is cleared 
by reading the Receiver Data Register or by RES. 
Framing Error — Set to a logic 1 when the received 
data contains a zero bit after the last data or parity 
bit in the stop bit siot. Cleared by reading the 
Receiver Data Register or by RES (ASYN Mode 
only). 

Wake-Up — Set to a logic 1 by writing a "1" in bit 
4 of address: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 15. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 

End of Transmission —Set to a logic 1 by writing 
a "1" in bit position 5 of address: 0016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 


Transmitter Data Register Empty— Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister are transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 

Transmitter Under-Run— Set to a iogic 1 when the 
last data bit is transmitted if the transmitter is in à 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data Register Empty Bit is set. Cleared by 
a transfer of new data into the Transmitter Shift 
Register or by RES. 


SCSR 3: 


SCSR 4: 


SCSR 5: 


SCSR 6: 


SCSR 7: 


_ RCVR Data 
Reg Full 


RCVR Over-Run 
Parity Error 
Frame Error 


Wake-Up 


- End of Transmission 


L XMTR Data Reg Empty 


- XMTR Under-Run 


Figure 5-5. SCSR Bit Allocations 
5.4 WAKE-UP FEATURE 


In a multi-distributed microprocessor or microcomputer ap- 
plications, a destination address is usually included at the 
beginning of the message. The Wake-Up Feature allows 
non-selected CPU's to ignore the remainder of the message 
until the beginning of the next message by setting the Wake- 
Up bit. As long as the Wake-Up flag is true, the Receiver 
Data Register Full Flag remains false. The Wake-Up bit is 
automatically cleared when the receiver detects a string of 
11 consecutive 1's which indicates an idle transmit line. 
When the next byte is received, the Receiver Data Register 
Full Flag signals the CPU to wake-up and read the received 
data. 
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SECTION 6 
COUNTER/TIMERS 


The device contains two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the 
counters. Counter A has one 16-bit latch and Counter B has 
two 16-bit latches. Each counter can be independently pro- 
grammed to operate in one of four modes: 


Counter A Counter B 


• Pulse width 
measurement 
Pulse Generation 
e Interval Timer 

• Event Counter 


e Retriggerable Interval Counter 

• Asymmetrical Pulse 
Generation 

e Interval Timer 

e Event Counter 


Operating modes of Counter A and Counter B are controlled 
by the Mode Control Register. All counting begins at the 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PAS is automatically selected for 
Counter B (see Table 4.2). 


6.1 COUNTER A 


Counter A consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter A (LCA), Upper Counter 
A (UCA), Lower Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either 02 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001A or location 0018 for the Lower Counter A. 
А read at location 0018 also clears the Counter А Underflow 
Flag (IFR4). 


The 16-bit latch contains the counter initialization value and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
Copied into the applicable latch register. 


Counter A can be started at any time by writing to address: 
001A. The contents of the accumuiator will be copied into the 
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(UL. шз} 
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ва 


COUNTER UNDERFLOW гү 


Figure 6-1. Interval Timer Timing Diagram 
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Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter А is set го the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch 
vaiue—not FFFF—and the Counter A Underflow Flag (IFR 
4) will be set to "1". This bit may be cleared by reading the 
Lower Counter A at location 0018, by writing to address lo- 
cation 001A, or by RES. 


Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. 


MCR1 MCRO 

(bit 1) (bit 0) Mode 
0 0 Interval Timer 
0 1 Pulse Generation 
1 0 Event Counter 
1 


1 Pulse Width Measurement 


The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are 02 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 


6.1.1 Interval Timer 


In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 


1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 


2. Whena write operation is performed tc the Load Upper 
Latch and Transfer Latch to Counter address 001A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 


The Counter value is decremented by one count at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore 14s to 65.535 
ms at the 1 MHz 62 clock rate or 0.5 us to 32.767 ms at the 
2 MHz 62 clock rate. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter IRQ interrupt routine. 


When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic 1. If the Counter A Interrupt 
Enable Bit (IER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register can be examined in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as a PA ГО bit. 


A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1. 


6.1.2 Pulse Generation Mode 


In the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter A Underflow occurs or a 
write is performed to address 001A. 


The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to 001A. 


Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 


A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 


6.1.3 Event Counter Mode 


In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the 2 clock rate. 


The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 


Figure 6.2 is a timing diagram of the Event Counter Mode. 
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Figure 6-2. Event Counter Mode 


6.1.4 Pulse Width Measurement Mode 


This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at the 2 clock rate as long as the CA line is held in 
the low state. The Counter is stopped when СА is in the high 
state. 


The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 


A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3. 
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Figure 6-3. Pulse Width Measurement 


6.1.5 Serial 1/О Data Rate Generation 


Counter A also provides clock timing for the Serial /О which 
establishes the data rate for the Serial /О port. When the 
Serial I/O is enabled, Counter А is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter ИО (PA4) may also be required to 
support the Serial I/O (see Table 4-2). 


Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a $2 clock rate of 1 MHz 
and 2 MHz. Although Table 6-1 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: 


NEST XEM 
^. 16 x bps 
where 
N = decimal value to be loaded into Counter А using 
its hexadecimal equivalent. 
de = the clock frequency (1 MHz or 2 MHz) 
bps = the desired data rate. 
NOTE 


In Table 6-1 you will notice that the standard data rate 
and the actual data rate may be slightly different. 
Transmitter and receiver errors of 1.5% or less are 
acceptable. A revised clock rate is included in Table 
6-1 for those baud rates which fall outside this limit. 
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Table 6-1. Counter A Values for Baud Rate Selection 
Clock Rate 

Needed 

Actual To Get 

Hexadecimal Baud Standard 

ig nn Value Rate At |. Baud Rate 
Rate 1MHz 2 MHz| 1МН2 2MHz |1 MHz 2 MHz 
50 04E1 0923 | 50.00 50.00] 1.0000 2.0000 
75 0340 0682 75.03 74.99 | 1.0000 2.0000. 
110 0237 046Ғ 110.04 110.04 j 1.0000 2.0000 
150 0140 0340 149.88 150.06 1.0000 2.0000 
300 OOCF  01A0 300.48 299.76 | 1.0000 2.0000 
600 0067 00СҒ 600.96 600.96 1.0000 2.0000 
1200 0033 0067 | 1201.92 1201.92 | 1.0000 2.0000 
2400 0019 0033 | 2403.85 2403.85 1.0000 2.0000 
3600 0010 0021 3676.47 3676.47 |0.9792 1.9584 
4800 0002 0019 | 4807.69 4807.69 |1.0000 2.0000 
7200 0008 0010 | 6944.44 7352.94 1.0368 1.9584 
9600 0006 000С! 8928.57 9615.38 1.0752 2.0000 


6.2 COUNTER В 


Counter В consists of a 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latch C (ULC). Latch C is used 
only in the asymmetrical pulse generation mode. The counter 
contains the count of either 62 clock pulses or external 
events depending on the counter mode selected. The con- 
tents of Counter B may be read any time by executing a Read 
at location 001D for the Upper Counter B and at location 
001E or 001C for the Lower Counter В. А Read at location 
001C also clears the Counter B Underflow Flag. 


Latch B contains the counter initialization value and can be 
loaded at any time by executing a Write to the Upper Latch 
B at location 001D and the Lower Latch B at location 001С. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 


Counter B can be initialized at any time by writing to address: 
001Е. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 16-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Underflow Flag bit (IFR5) will be set 
to a "1" whenever Counter B underflows by decrementing 
from 0000. 


IFR 5 may be cleared by reading the Lower Counter B at 
location 001C, by writing to address location 001Е, or by 
RES. 


Counter B operates in the same manner as Counter A in the 
interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. Mode Control 
Register bits MCR2 and MCR3 select the four Counter B 
modes in a similar manner and coding as MCRO and МСВ1 
select the modes of Counter A. 
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6.2.1 Retriggerable Interval Timer Mode 


When operating in the Retriggerable Interval Timer mode, 
Counter B is initialized to the latch value by writing to address 
001Е, by a Counter B underflow, or whenever a positive edge 
occurs on the CB pin (PA5). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illustrates the ooeration. 


ах 


0000 · 


CB tine! / Se ыр 


Counter / 
Underflows ~ 77 Reset by Software 


Counter B 
Flag 


Figure 6-4. Counter B. Retriggerable Interval Timer Mode 


6.2.2 Asymmetrical Pulse Generation Mode 


Counter B has a special Asyrnmetrical Pulse Generation 
Mode whereby a pulse train with programrnable pulse width 
and period can be generated without the processor interven- 
tion once the latch values are initialized. 


In this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as D in the following descriptions). The 16-bit Latch C is 
initialized with a value corresponding to the desired pulse 
width (referred to as P in the following descriptions). Тһе 
initialization sequence for Latch B and C and the starting of 
a counting sequence are as follows: 


1. The lower 8 bits of P are loaded into LLB by writing to 
address 001C; the upper 8 bits of Р are loaded into 
ULB and the full 16 bits are transfer'ed to Latch C by 
writing to address location 001D. At this point both 
Latch B and Latch C contain the value of P. 


2. The lower 8 bits of D are loaded into LLB by writing to 
address 001C; the upper 8 bits of D are loaded into 
ULB by writing to address location 001Е. Writing to 
address location 001E also causes the contents of the 
16-bit Latch B to be downloaded into the Counter B 
and the CB output to go low as shown in Figure 6-5. 


3. When Counter B underflow occurs the contents of the 
Latch С are loaded into the Counter В and the CB out- 
put toggles to a high level, staying high until another 
underflow occurs. Latch B is then down-loaded and the 
CB output toggles to a low level repeating the whole 
process. 
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SECTION 7 
POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER ON TIMING 


After application of Vec and Vag power to the device, RES 
must be held low for at least eight pe clock cycles after Усс 
reaches operating range and the internal oscillator has sta- 
bilized. This stabilization time is dependent upon the input 
Мес voltage and performance of the internal oscillator. The 
clock can be monitored at (2 (pin 3). Figure 7-1 illustrates 
the power turn-on waveforms. Clock stabilization time is typ- 
ically 20 ms. 


+5-------= —. ~ 
Усс О ae 
~ POWER ОМ 
ПЛЛЛЛЛЛЛ. 
XTLO—{" CLOCK l 
STABILIZATION 
TIME 
2 ANU E. 
Р 62 CLOCKS 
RES CYCLES MIN..— — 
Figure 7-1. Power Turn-On Timing Detaii 


7.2 POWER-ON RESET 


When RES goes from low to high, the device sets the In- 
terrupt Mask Bit—bit 2 of the Processor Status Register— 
and initiates a reset vector fetch at address FFFC and FFFD 
(or optionally 7FFE and 7FFF) to begin user program exe- 
cution. All of the ИО ports (PA, PB, PC, PD) will be forced 
to the high (logic 1) state. All bits of the Control Register will 
be cleared to logic O causing the Interval Timers counter 
mode (mode 00) to be selected and all interrupt enabled bits 
to be reset. 


28 1 23 4 
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1&3. COUNTER B 
2&4. COUNTER В 


LATCH B (D) 
LATCH C (P) 


Figure 6-5. Counter B Puise Generation 
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7.3 RESET (RES) CONDITIONING 


When RES is driven from low to high the device is put in a 
reset state causing the registers and /О ports to be config- 
ured as shown in Table 7-1. 


Tabie 7-1. RES initialization of /О Ports and Registers 
Bit No. 


REGISTERS 
Processor Status 
Mode Control (MCR) оо 
Int. Enable (IER) оо 
Int. Flag (IFR) оо 

0 0 
01 


7 6 5 43 21 0 


Ser. Com. Control (SCCR) 
Ser. Com. Status (SCSR) 


PORTS 
PA Latch 
PB Latch 
PC Latch 
PD Latch 


ооооо- 
ооооо | 
ооооо | 


p 
з. T, 
= = = = 


11 
11 
11 
11 


анны 
аа-а 
— ua c 


All RAM and other CPU registers will initialize in a random, 
non-repeatable data pattern. 


7.4 INITIALIZATION 


Any initialization process for the device should include a 
RES, as indicated in the preceeding paragraphs. After sta- 
bilization of the internal clock (if a power on situation) an 
initialization subroutine should be executed to perform (as a 
minimum) the following functions: 


. The Stack Pointer should be set 

. Clear or Set Decimal Mode 

. Set or Clear Carry Flag 

. Set up Mode Controls as required 
. Сеаг Interrupts 


aban = 


A typical initialization subroutine could be as follows: 


LDX Load stack pointer starting address into 
X Register 
TXS Transfer X Register value to Stack Pointer 
CLD Clear Decimal Mode 
SEC Set Carry Flag 
Set-up Mode Control and 
special function registers 
ык}. and clear ВАМ as required 
си Clear Interrupts 
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APPENDIX A 
ENHANCED R6502 INSTRUCTION SET 


This appendix contains a summary of the Enhanced R6502 
instruction set. For detailed information, consult the R6502 
Microcomputer System Programming Manual, Document 
29650 N30. The four instructions notated with a * are added 
instructions to enhance the standard 6502 instruction set. 


A.1 INSTRUCTION SET IN ALPHABETIC 
SEQUENCE 


INSTRUCTION 


MNEMONIC 
ADC Add Memory to Accumulator with Carry 


AND 
ASL 


"AND" Memory with Accumulator 
Shift Left One Bit (Memory or Accumulator) 


Branch on Bit Reset Relative 
Branch on Bit Set Relative 
Branch on Carry Clear 
Branch on Carry Set 

Branch on Result Zero 

Test Bits in Memory with Accumulator 
Branch on Result Minus 
Branch on Result not Zero 
Branch on Resuit Plus 

Force Break 

Branch on Overflow Clear 
Branch on Overflow Set 


Clear Carry Flag 

Clear Decimal Mode 

Clear Interrupt Disable Bit 

Clear Overflow Flag 

Compare Memory and Accumulator 
Compare Memory and Index X 
Compare Memory and Index Y 


Decrement Memory by One 
Decrement Index X by One 
Decrenient Index Y by One 


"Exclusive-Or' Memory with 
Accumulator 


Increment Memory by One 
Increment Index X by One 
Increment Index Y by One 


Jump to New Location 
Jump to New Location Saving Return 
Address 


MNEMONIC INSTRUCTION 
LDA Load Accumulator with Memory 
LDX Load index X with Memory 
LDY Load index Y with Memory 
LSR Shift One Bit Right (Memory or 
Accumulator) 
NOP No Operation 
ORA "OR" Memory with Accumulator 
PHA Push Accumulator on Stack 
PHP Push Processor Status on Stack 
PLA Pull Accumulator from Stack 
PLP Pull Processor Status from Stack 
*АМВ Reset Memory Bit 
ROL Rotate One Bit Left (Memory or 
Accumulator) 
ROR Rotate One Bit Right (Memory or 
Accumulator) 
RTI Return from Interrupt 
RTS Return from Subroutine 
SBC Subtract Memory from Accumulator with 
Borrow 
SEC Set Carry Flag 
SED Set Decimal Mode 
SEI Set Interrupt Disable Status 
“SMB Set Memory Bit 
STA Store Accumulator in Memory 
STX Store index X in Memory 
STY Store Index У in Memory 
TAX Transfer Accumulator to Index X 
TAY Transfer Accumuiator to Index Y 
TSX Transfer Stack Pointer to Index X 
TXA Transfer Index X to Accumulator 
TXS Transfer Index X to Stack Register 
TYA Transfer index Y to Accumulator 
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A.3 INSTRUCTION CODE MATRIX 


150 ы 
а 0 1 2 3 4 5 6 7 8 9 А B с D E Е 
O ү т —— — : А = ea баты сақа a es т zie 5 
= | ВАК | ОВА | | : ORA | ASL | RMBO РНЕ | ORA · ASL | | | ОВА ' ASL | BBRO 
0 | Implied | (IND, X) | ДЫ ZP : ZP  impied IMM Accum : i ABS ; ABS | ZP 10 
17 2 6 | | | : 25:25114 РАС С 51: 22 | 2413613 57 | 
- — } АН Е Б Е MES | 5 
| BPL | ORA | | | ASL | АМВ1. CLC | ORA : | ‚ ORA . ASL | BBR! 
1 | Relative (IND), У, | Е ZP.X | ТР “Ітріеб | ABS. У АВЗ. Х | АВЗ.Х| ZP |1 
2 il Ws i | 2764 2512.34 | р (3 4,3 7 3 5" 
І + — -- i see am = 
JSR | AND | р | BIT | AND | ROL | RMB2. PLP AND , ROL | BIT | AND | ROL | BBR2 
2 ' Absolute| (МО, X) | | 72Р ZP ! ZP | ZP implied; IMM | Accum | | ABS ! ABS ABS | ZP |2 
36126. | 123:23'25 25114 22 12: | 34,34 36 3 5" | 
ы des : ЗАА. SM Pees dE AAT Xs PEREAT 4 
| BM! | AND | | АМО | ROL RM83 SEC АМО р : | AND | ROL | BBR3 
3 | Relative) (IND, Y) | | | ZP X | 2Р.Х ° ТР implied ABS. У | | ABS, X; ABS, Х| ZP 3 
12 2" |2 8 | | | 241|126|25:12:34 | р мз: Ata} де qe Ed." 
| + | = DM 
АТ! | БОВ | | БОЯ | LSR 'RMB4 ' PHA · EOR | 158, | JMP | EOR | LSR | BBR4 
4 ' implied (IND, X) i i Ze | ZP 2Р Implied ММ | Accum | | ABS | ABS ABS 2Р 4 
1602 6 | : ЖЕЗ. || 22Р ИБ), 2 56:043: 0: Ом 1 29771 (933, 34 836/13 5" 
— e - n А 
ВУС | EOR ; | | | EOR | LSR | АМВ5 · CL ; ECR | | i | EOR | LSR į BBR5 | 
5 | Relative (IND), У ; i | : Р.Х | 2Р,Х | ZP | implied ABS, У , : ; ABS, X | ABS, X | ZP 5 
пар БР i | 24126 25! 12 34 | 23 452 27/38 6% 
| | 4 | + i — - ; 4--- -- 
RTS | AOC | | | : ADC | ROR | АМВ6 PLA ; ADC ; ROR | | JMP ! ADC | ROR | BBRE 
6 | Implied | (IND, X) ў СР | 2Р | 2Р ; implied | iMM | Accum | | indirect! ABS ABS ZP i6 
16126 | | 23:25:25 14 22 12 35' 34 36 35" 
А dd жее ЕЛКЕА Тулы сс т 
BVS | ADC | | ADC ; ROR ; RM87: ЗЕ! i ADC | | | | ADC ; ROR | BBR7 
7 ' Relative | (IND, У) - | 2Р.Х | ZP,X | ZP < Imolied ABS. У | + | АБЗ, АВ$, < | ZP 7 
AW GE E es |24!26'25'12.3%: | 3-4" 1-3 7.13 5" 
l 4 | , { е сщш БаР ET ME | —— — 
| STA | i | STY : STA | STX | SMBO | QEY ; TXA i| | ЭТУ | STA | STX | 8850 
8 (IND, X) | | zP , zP | ZP | ZP Пед. : Implied i | ABS | ABS ` ABS : 2Р 8 
26 | | ‚23 |o 222012000 14 2 4 Dt 20 13 4: 34 34]|3 5" 
| Aus i- | : е + — | } + — —— 
| BCC | STA | STY | STA | STX i SMB! ТУА STA | TXS | i STA 8851 
9 | Relative | (IND, Y) | ZP,X : 2Р.Х | 2Р,Ү | ZP ! moied АВЗ. У ‘Implied ; : AES, X ‚ Zp 9 
‚2 271 2 6 | 24:24242 65.12.35 12: : | 3 5 | 3 5" 
Т + | Я аан Бесе ар pos Есер! pec 
LOY | LDA | LDX | LOY | LDA | LOX i SM82 : TAY | LDA | TAX | + LDY | LCA | LDX | BBS2 | 
A IMM (IND, X) ^ IMM С, zp | Z ' Z | zP i implied © IMM! implied | j ABS | ABS ! ABS | ZP iA 
22126 22 | оа 19173 ':2.3:, 25 1 2-:2^72. 11 2'| |34 34 34 3 57 | 
н | 5 Н CON ICE | е 
| BCS | LDA | | 10ү ' LDA | LDX | SMB3 | CLV ! LDA , TSX LDY . LDA , LDX | вваз 
В | Relative: (IND). Y | | ‚ 2Р,Х | ZP.X | ZP.Y ' ZP {| implied :ABS, Y jimplied | ABS. Х| ABS. Х ABS, У | ZP В 
2225’ | } 24 24 24:26! 12,3 4 1121] 445154918 413 Б 
+ - ——— = d - a -- : —— — 1 
| СРү | СМР | | СРУ i CMP ) DEC i SMB4 , INY | CMP , DEX | | СРУ | СМР . DEC . BBS4 
C | IMM (IND. X) | ! | ГР | zP ZP ; ГР | implied | !MM | тоћед | | ABS | ABS | ABS | ZP С 
22126 | 23123 2x (B S Cee Bit k SA са oY 27 ЛЫНДЫ: за 34 3635" 
| | ——— — 4- Е —— = \ 
ВМЕ | СМР | | СМР | DEC ! $МВ5 ‚ CLD | CMP ' ; CMP , DEC | 8855 | 
D | Relative! (IND), Y | | i ZP.X | ZP.X . ZP implied : ABS. Y . р | | ABS, X | ABS, х; ZP |0 
2 aUi Bos 24 26,25 12 4t | | |34137 35" | 
—— - : - - —Á—— —- -- - 
CPX | SBC ; | CPX | SBC | INC ' SMB6 | INX SBC ` NOP | | CPX > SBC INC | BBS6 
E | IMM |(IND. X) | ZP | ZF | ZP i ZP | реб: IMM i Implied | ABS . ABS . ABS | ZP E 
22/26 | ЕКЕНСЕЗЛЕК еж |34 34 36,83 5" 
Im Е =: t= + | ВЕ 
BEQ | SBC | spc | INC ` SMB7 . SED ; SBC i | | SBC INC | BBS7 
Е | Relative| (IND), Y | i 2Р,Х | 2Р.Х | 2Р | moliec . ABS, У | | | ` АВ$, X, ABS. X| ZP iF 
нк . | ; | КАЛЕ ЖОШ АШ! arid n 
|2 2°|2 5 | 2412612 | 2 34 | | | 34137135871 
0 1 2 3 4 5 6 7 8 9 А B с D E F 
0 "Ада 1 to М if page boundary is crossed. 
ВАК | —OP Code "Add 1 to N if branch occurs to same раде; 
0 | Implied | —Addressing Mode add 2 to N if branch occurs to different page. 
17 — Instruction Bytes; Machine Cycles 
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APPENDIX B 
KEY REGISTER SUMMARY 


7 a 
Ё А ACCUMULATOR 
А 
[ у INDEX REGISTER У 
7 e 
[ x INDEX REGISTER X 
15 7 a 
PCH 1 PCL PROGRAM COUNTER 
| 0 
й se STACK POINTER 
T 2 
[у [8 To T? [ [<] enocesson status nec 


CPU Registers 


-EEEELELI-- 


Counter А 
Counter В Mode Select 
! ; Mode Select 0 0 Interval Timer 
1 ! | | 0 —— 1 Pulse Generation 
i : 1 —— 8 Event Counter 
Bus Mode Select. | 1 $ Pulse Width Meas. 
o 9 Interval Timer 
0 — t Asymmetric Puise Generation 


| + —— 0 Event Counter 
| 1 1 Retriggerable Interval Timer 
у Port В Latch 
' i | (1—Enabte) 
| 2 Port D Tri-State 
(0— Tri-State High Impedance Mode) 


0——— 0 Рип Address 
© + Normal 
1----0 Abbr. Bus 
1----1 Mux'd Bus 


Mode Contro! Register 


Addr 0015 


| i о~ода Рату 
| у~Еуеп Рату 
i | | 0 Parity Disable 
| | | — 1 Parity Enable 
rh | 0 0-8 Bits/Char 
| : 0 1—7 Виз/Сћаг 
| i | 1 0—6 Bits/Char 
i 5 | 1 1~ 5 Вив/Сһаг 
0 ——0 XMTR & RCVR ASYN Mode 
. 0 — 1 XMTR ASYN, RCVR S/R 
| | 1----Х XMTR S/R, ВСУЯ ASYN 
| ORCVR Disable 
L- у RCVR Enable 
L- 0 XMTR Disable 
1 XMTR Enable 


Serial Communications Control Register 


PC 


ә 


7 5 5 4 3 2 1 0 
Е 
санау (С) (D) 
1:= Carry Set 
0 -- Carry Clear 
ZERO (2 ($) 
1 = Zero Result 
0 == Non-Zero Result 
eoe INTERRUPT DISABLE (1) (2) 
1 - TRG Interrupt Disabled 
0 ЛАО Interrupt Еламед 
DECIMAL MODE (0) (Ту 
1 : Decima! Mode 
0 z Binary Mode 
BREAK СОММАМО (8) (T) 
1 22 Break Command 
0 -: Non Break Command 
L OVERFLOW (0) (1) 
1 Overflow Set 
0 = Overflow Clear 
1 5 NEGATIVE (м) (1) 
NOTES 
Not initialized by RES 1 = Negative Value 
Set to Logic t by RES 6. - Postive Value 


Processor Status Register 


Los pong nam АИ 
а nnnm сан 


PAG Positive 
Edge Detect 
РА! Positive 
Edge Detect 
Н РА2 Negative 
j | Edge Detect 
| РАЗ Negative 
Edge Detect 


| Counter А 
Underfiow Flag 
L Counter B 
1 Underflow Flag 
| | RCVR 
Flag 
XMTR 
` Flag 


Interrupt Enable and Flag Registers 


! | ACVR Data 
| Reg Full 


* RCVR Dver-Run 


| Parity Error 
Н + Frame Error 
| Wake-Up 

| End of Transmission 

1. XMTR Data Reg Empty 


i хмта Under-Run 


3-213 Serial Communications Status Register 


R6511Q Microprocessor and R6500/13 Microcomputer 


APPENDIX C 


ADDRESS ASSIGNMENTS/MEMORY 


MAPS/PIN FUNCTIONS 


C.1 ИО AND INTERNAL REGISTER ADDRESSES 


ADDRESS 

(HEX) READ WRITE 

001F —-- —— 
1E Lower Counter B Upper Latch B, Спіг B—Latch B, CLR Flag 
1D Upper Counter B Upper Latch B. Latch C —Latch B 
1C Lower Counter B, CLR Flag 1 Lower Latch В. 
1B ---- ---- 
ЛА Lower Counter А Upper Latch A, Cntr A--Latch A, CLR Flag 
19 Upper Counter A Upper Latch A 
18 Lower Counter A, CLR Flag Lower Latch A 
17 Serial Receiver Data Register Serial Transmitter Data Register 
16 Serial Comm. Status Register Serial Comm. Status Reg. Bits 4 & 5 only 
15 Serial Comm. Control Register Serial Comm. Control Register 
14 Mode Control Register Mode Control Register 
13 eS € 
12 Interrupt Enable Register Interrupt Enable Register 
11 Interrupt Flag Register 555 

0010 Read FF Clear Int Flag (Bits 0-3 only, Write O's only) 
OF L 
0E 
ор 
ос 
ов RESERVED 
0A 
09 These addresses are reserved and are used by the CPU during Read and Write 
08 operation over the external Data Bus (00-07). 

Вы 

07 
06 
05 
04 — 
03 Port D Port D 
02 Port C Port C 
01 Рой В Port В 

0000 Рой А Port А 


3-214 


R6511Q Microprocessor and R6500/13 Microcomputer 


C.2 FULL ADDRESS MODE 
MEMORY MAP 
R6511Q OR R6500/13 


C.3 FULL ADDRESS MODE 
MEMORY MAP 
R6500/13 ONLY 


USER PROGRAM 


VO PORTS А, B, С. В 


INTERNAL 
REGISTERS 


RESERVED 


001Е 


0010 
0007 


0004 
0003 


0000 


IRQ VECTOR 
(OPT RES VECTOR) 


FFFA 


NMI VECTOR 


USER PROGRAM 


BOOT STRAP 
НОМ (254) 


OO1F 


INTERNAL 
REGISTERS 


RESERVED 


ИО PORTS А, B, C, D 


PIN FULL ADDRESS | ИО РОВТ АВВВЕМАТЕО РОВТ MULTIPLEXED PORT 
NUMBER MODE FUNCTION FUNCTION FUNCTION 
54 PCO PCO А0 А0 

55 РС1 PC1 A1 A1 
56 PC2 PC2 A2 A2 
| 57 РСЗ РСЗ АЗ АЗ 
58 РСА РСА А12 А12 
59 РС5 PC5 ВМ РМ 
60 A13 PC6 A13 A13 
61 i A14 PC7 EMS EMS 
62 PDO PDO 00 А4/00 
63 PD1 PD1 01 А5/01 
64 PD2 PD2 D2 A6/D2 
1 | PD3 PD3 D3 A7/D3 
2 PD4 PD4 D4 AB/D4 
3 PD5 PD5 D5 А9/05 
4 PD6 PD6 D6 A10/D6 
5 PD7 РО? 07 А11/07 
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APPENDIX D 
ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS* 


Parameter Symbol Value | Unit 
Supply Voltage Voc: VRR -0.3 to +7.0 Vde 
Input Voltage Vin -0.3 to +7.0 Vde 
Operating Temperature ТА °С 
Commercial 010 +70 
Industrial -40 to +85 
Storage Temperature Тете | -55 to +150 °С 


DC CHARACTERISTICS 
(Мос = 5V +5%; Van = Усс; Vss = 0; TA = 0 to 70°C) 


*NOTE: This device contains circuitry to protect the inputs 
against damage due to high static voltages; however, it is 
advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this circuit. 


Parameter Symbol Min Typ Max Unit 
Power Dissipation (Outputs High) 
Commercial @ 0°C Pp - 7500) 1100 mW 
Industrial @ — 40° | 1200 
RAM Standby Voltage (Retention Mode) Уан 3.0 - Veo Vde 
RAM Standby Current (Retention Mode} lar mADC 
Commercial @ 25°С - 4 - 
Industrial @ 25°C 5.2 
1 1. = 
Input High Voltage (Except XTLI and #2 in slave option) Vin +2.0 — Мег Мас 
Input High Voltage (XTLI and #2 in slave option) Vin +4.0 | — | Vos Vde 
Input Low Voltage Vit | -0.3 | D E 10.8 Vdc 
Input Leakage Current (RES, NMI) lin +10.0 pAdc 
Vin = 0 to 5.0 Мас 
4 = 
Input Low Current PA, PB, PC, PD к - -1.0 -1.6 mAdc 
(Му = 0.4 Мас) 
Output High Voltage (Except XTLO) Мон +2.4 — Мег Мас 
| (одар = -100 дАдс) | | _ 
Output Low Voltage VoL — - %0.4 Мас 
(оар = 1.6 тАсс) 
Input Capacitance Cin pF 
Vin -0, ТА = 25°C, f = 1.0 MHz) 
XTLI, XTLO — - 50 
All Others - -- 10 
ИО Port Pull-Up Resistance | 
РАО-РА7, РВО-РВ7, РСО-РС7 В, 3.0 6.0 11.5 ко 
к! L = 
Output Leakage Current 
Tri-State 1/O's while т lout — — +10 pAdc 
L 
Г Output Capacitance 
Tri-State I/O's while in с 40 Е 
High impedance State OUT = de Р 
Vin OV, ТА = 25°C, + = 1.0 MHz 


(1) at 25°C 


NOTE: Negative sign indicates outward current flow, positive indicates inward flow. 
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APPENDIX E 
TIMING REQUIREMENTS AND CHARACTERISTICS 


E.1 GENERAL NOTES 
1. Vec = 5V +:5%, 0°С = ТА < 70°C 6. Example of External Chip Select (Multiplexed Виз) 


2. A valid Vec — RES sequence is required before proper 


Ny ~ ЕМ5 3800-3FFF 
operation is achieved. 
Paar 3000-37FF 
3. All timing reference levels are 0.8V and 2.0V, unless $ 
otherwise specified. = 2800-2F FF 
4. All time units are nanoseconds, unless otherwise specified. Фф, 91 7416138 2000-27ЕЕ 
5. All capacitive loading is 130pf maximum, except as noted 1800-1FFF 
below: 
? A13 1000-17FF 
PA, PB — 50pf maximum 
PC (I/O Modes Only) — 50pf maximum А12 0800-ОРЕЕ 
РС (АВВ and Мих Mode) — 130pf maximum 
PC6, PC7 (Full Address Mode) —  130pf maximum A11 0100-07FF 
Note that both EMS and Phase 2 (%;) must be used to correctly 
E.2 CLOCK TIMING enable the chip selects in the multiplexed or abbreviated bus modes. 
mmm PARAMETER nuc 2 Hz 
| MIN МАХ | ММ МАХ 
= Sel лы 
Tese Cycle Time 1000 | 10 us | 500 | 10 us 
Тьма XTLI Input Clock 500 = 250 - 
Pulse Width + 25 +10 
| XTLO = VSS 
Trwoz Output Clock Pulse | Taw; Търт Tewa Тиха 
Width at Minimum = 25 = 20 
Tere 
Та, Те Output Clock Rise, — 25 — 15 
Fall Time 
Тін, Те Input Clock Rise, -- 10 — 10 
Fall Time 


XTLI 


Тема 


(XTLO = Vss) 


hea Ты, 


02 
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Е.З ABBREVIATED МОРЕ TIMING-—PC AND PD 


(МСН 5 = 1, MCR 6 = 0, MCR 7 = 1) 


SYMBOL PARAMETER 

MIN | MAX | MIN | MAX 

— | 225 | | 140 
m Е PCO-PC4, PC6) Address Setup Time | — | 200 | — | 100 
ИЕГІ PD) Data Setup Time 50 — 355 | — 
Trova _ | (PD) Data Read Hold Time д 00 1 | — | wy) — 
[Tes (РЫ) Data Write Над Time — | зо | — | 30 | — 
Toce | (PD) Data Output Delay —— | — | 175 | — | 130 
Теса  |(PCO-PC4, PCB) Address Hold Time | 30 | — | 30 | — 
Тина  IPCS)RWHodTme — ^ |s3|-— |a | — | 
Trew _ | (РС7) EMS Hold Time fo: fa. ge 
eeu (PC7) EMS Stabilization Time — — | 30 | — | 30 | = 
Tesu EMS Setup Time - 350 | — | 210 


E.3.1 Abbreviated Mode Timing Diagram 


WRITE 


—+ ja ТРСНУ 


EMS 

e- Tesu >| - 

C GHA ТРСУР 

ышы 
PCO-PC4, 
РС6 
"m. Те и! 
ТРСАЅ TPBDD 
— |4 TPBSU АНИ 

PDO-PD7 Уу U 


TPBHR TPBHW 
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E.4 MULTIPLEXED MODE TIMING—PC AND PD 


(MCR 5 = 1, MCR 6 = 1, 1, MCR 7 = 1) 


SYMBOL PARAMETER МЕ | мн | 
мм | МАХ | MIN | МАХ 
Тек — MPCS) ВАМ Setup Time — | 225 | — | 140 | 
Tes _ |(PCO-PC4,PCO) Address Setup Time | — | 200 TL | 400 | 
Toons — | (РО) Address Setup Time | — “220 — | 120 
Tes (РО) Data Setup Time = | 50 | = 35 | — 
Тина __| РОЈ Data Read Hold Time =| 10 | — 10 | — 
To (PD) Data Write Hold Time Е | 130} — | 3 | — 
Tesco (PD о Data Output Delay a — | 175 | — 140 
Trova |(РСО-РСА, PCB) Address Hold Ti Time зо | — | зо | — 
To (РО >) Address Hold Time | 10 | 100 | 10 | 80 
Тина — |(PC5) R/W Hold Time _ | 30] — | 30] — 
Troa (Рс?) EMS Hold Тте | ~~ ]300| — | 10] — 
LINT | (PC7) Address to EMS Delay Time Е 30 Е “30 
Те» (РС?) EMS Stabilization Time | EN — | 30] — | 
Tesu EMS Setup Time — | 350 | — | 210 


NOTE 1: Values assume РСО-РС4, PC6 and РС7 have the same capacitive load. 


E.4.1 Multiplex Mode Timing Diagram 


(PCs) 


ҒА / 


READ 


<—— ТРСНА 


WRITE 


<—-TPBHA ——| | TPBSU 
TPBAS  —_  |.—— TPCVD TPBHR 


TPBDD 
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E.5 ИО, EDGE DETECT, COUNTERS, AND SERIAL ИО TIMING 


1 MHz 
SYMBOL! PARAMETER ! j 
| | MIN | MAX 
| Internal Write to Peripheral Data Valid — | 
Три! РА, PB, PC TTL — 500 : 
| Темов РА, РВ, РС СМО$ - 1000 ; 
Teoow PD — | 175 
Peripheral Data Setup Time ) 
Таш _ | РА, PB, PC 200 — 
Торун РО 501 — 
Џ 1 
Peripheral Data Hold Time 
Toss PA, PB, PC . 75 — 
Тена РО 0 | — 
! Теру РАО-РАЗ Edge Detect Pulse Width Tere — 
E | 
Counters А and В 
| Teew РА4, PAS Input Pulse Width Tove == 
Тео" PA4, РАБ Output Delay - 500 
i 
Port B Latch Mode | 
Тәнім РАО Strobe Pulse Width Yers = 
Тызи РВ Data Setup Time | 175 — 
| Tosin + PB Data Hold Time 35. = 
Serial 1/0 i 
i 
Toy? PAG XMTR TTL | — | 500; 
Temos" РАб XMTR CMOS — 1000 
| Teew РА4 RCVR S/R Clock Width ATE) wen 
Трои"! РА4 XMTR Clock—S/R Mode (TTL) | = 500 | 
Tecnos | PA4 XMTR Clock—S/R Mode (CMOS)! = 1000 | 


NOTE 1: Maximum Load Capacitance: 50рЕ 
Passive Pull-Up Required 


2 MHz 
MIN | MAX 
| — | 500 
— | tooo 
— | 180 | 
200; — 
50 PE 
І 
ee = 
БОНИ сей 
Terc oe 
Tee: = 
| — | 5001 
| Teve ре 
1501 — 
зор — 
- 500 | 
— | tooo 
4 Towel — 
— | 500] 
— 1000 


E.5.1 ИО, Edge Detect, Counter, and Serial I/O Timing 


"UN к 


РАО-РА7 


РВО-РВ7 
РСО-РС7 


PDO-PD7 


EDGE DETECTS 


(РАО-РАЗ) 


СМТА 


РА4, РАБ Tay 


CNTR 
(PA4, PAS) 


TCD 


PDO-PD7 


шй 


T 


pao-pa7 РО 


PCO-PC7 
РВО-РВ7 


no TCMOS 
VDD—30% 
2.4V | 


РВ 
(LATCH MODE) 


у 


РАО STROBE 


Tesi — 


-<-Тызу ~ | 
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E.6 MICROPROCESSOR TIMING (00-07, 
А0-А12, A15, SYNC, R/W) 


ЕО РАНАМЕТЕН 


Taws R/W Setup Time 
Taos А0-А12, A15 Setup 
Time 
Tosu 020-07 Data Setup Time 
Tua 00-07 Read Hold Time 
Тим 020-07 Write Hold Time 
Тмоз 00-07 Write Output 
Delay 
к= 
Түн SYNC Setup 
| Tua А0-А12, А15 Hold Time 30 
m R/W Hold Time зо | — 
Tace Externa! Memory Access — | Tree 
Time Taco = Теус--Тғ-- 


Тлоз— Tosu 
Тзүн SYNC Hold Time 30 | — 


E.6.1 Microprocessor Timing Diagram 
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R6500/41 AND R6500/42 
ONE-CHIP INTELLIGENT 
PERIPHERAL CONTROLLERS 


R6500/41 » R6500/42 


SECTION 1 
INTRODUCTION 


1.1 FEATURES 


e Directly compatible with 6500, 6800, 8080, and Z80 bus 
families 


e Asynchronous Host interface that allows independent clock 
operation 

Input, Output and Status Registers for CPU/Host data transfer 
Status register for CPU/Host data transfer operations 
Interrupt or polled data interchange with Host 

Enhanced 6502 CPU 


— Four new bit manipulation instructions: 
Set Memory Bit (SMB) 
Reset Memory Bit (RMB) 
Branch on Bit Set (BBS) 
Branch on Bit Reset (BBR) 


—Decimal and binary arithmetic modes 

—13 addressing modes 

—True indexing 

1536-byte mask-programmable ROM 

64-byte static RAM 

23 TTL-compatible /О lines (R6500/41 only) 
47 TTL-compatible O lines (R6500/42 only) 

A 16-bit programmable counter/timer, with latch 
— Pulse width measurement 

— Pulse generation 

— тема! timer 

— Event counter 

Seven interrupts 

— Two edge-sensitive lines; one positive, one negative 
— Резе! 

—Counter Underfiow 

— Host data received 

—Output Data Register full 

—Input Data Register empty 

Multiplexed bus expandable to 4K bytes of external memory 
e Unmultiplexed bus for Peripheral /О expansion 


® 68% of the instructions are executed in less than 2us @ 
2 MHz 


Document No. 29651N38 


ММО8-3 silicon gate, depletion load technology 
Single +5V power supply 

40-pin DIP (R6500/41 only) 

64-pin ОШР (R6500/42 only) 


NOTE 


This document describes both the R6500/41 and 
R6500/42. Іп the text, the terms IPC or device will be used 
when describing both parts. The few differences will be 
described in the text using the terms R6500/41 ог R6500/ 
42. 


1.2 SUMMARY 


The Rockwell R6500/41 and [6500/42 One-Chip Intelligent 
Peripheral Controllers (IPC) are general purpose, program- 
mable interface УО devices designed for use with a variety 
of 8-bit and 16-bit microprocessor systems. The one-chip 
R6500/41 IPC has an enhanced R6502 CPU, 1.5K Бу 8-bit 
ROM, 64 by 8-bit RAM, three I/O ports with multiplexed special 
functions, and a multi-function timer all contained within a 40- 
pin package. 


For systems requiring additional ИО ports, the device is also 
available in a 64-pin QUIP version, R6500/42, that provides 
three additional 8-bit ports. In both versions, special interface 
registers allow these IPC devices to function as peripheral con- 
trollers for the 6500, 6800, Z80, 8080, and other 8-bit or 16-bit 
host microcomputer systems. 


The innovative architecture and the demonstrated high perfor- 
mance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of com- 
putational power. These features make the device a leading 
candidate for IPC computer applications. 


To facilitate system and program development for the device 
Rockwell has developed the R6541Q which can be used as an 
Emulator. A description of the R6541Q is contained in the 
R6541Q Product Description (Document Order No. 2136). 


Product Description Order No. 2135 
Rev. 3, March 1984 


R6500/41 and R6500/42 


Rockwell supports development of the R6500/41 and R6500/ 
42 with the System 65 Microcomputer Development System 
and the R6500/ ж Family of Personality Modules. Complete 
in-circuit emulation with the R6500/ * Family of Personality 
Modules allows total system test and evaluation. 


This product description is for the reader familiar with the 
R6502 CPU hardware and programming capabilities. A 
detailed description of the R6502 CPU hardware is included 
in the R6500 Microcomputer System Hardware Manual 
(Order Number 201). A description of the instruction capa- 
bilities of the R6502 CPU is contained in the R6500 Micro- 
computer System Programming Manual (Order Number 202). 
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1.3 MASK OPTIONS 


The R6500/41 has provision for internal pull-up resistors on 
PA and PC ports as a mask option. This option is available 
for port groups only, not for individual port lines. 


The R6500/42 has provision for pull-up resistors on PA, PC, 
PF, and PG ports às a mask option. This option is available 
for port groups only, not for individual port lines. 
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SECTION 2 
R6500/41 INTERFACE REQUIREMENTS 


This section describes the interface requirements for the іп- pin of the devices. Figures 2-3 and 2-5 show the mechanical 
telligent Peripheral Controller. Figure 2-1 is the Interface Dia- dimensions of the devices. Section 5 describes the Host 
gram for the devices. Figures 2-2 and 2-4 show the pin out computer interface protocol and timing requirements. 


configurations and Table 2-1 describes the function of each 


R6500/41 


| CLK CIRCUIT EDGE DETECT ] 
ps РА0-РА? 
(PAG-PED) 
INT LOGIC STATUS REG. (PA1-NED) 
(PA2-CNTR) 
6502 CPU PORT A 
РВО-РВ7 
(00 ~ 07, ТА!-5ТАТЕ)' 
64 BYTES RAM PORT 8 | 
ere РСО-РС6 
| (А0, А1, А2, АЗ, 
1.5К НОМ PORT C | EMS, R/W, INT)" 
CONTROL REG 16BIT 
COUNTER/LATCH 


INPUT DATA OUTPUT DATA 
REG REG | mp 


| РЕ0-РЕ? 

PORT G PO 
RTE 1 = Darlington Output Only 
PORT F | => PFO-PF7 


R6500/42 


"MULTIFUNCTION PINS 


Figure 2-1. Interface Diagram 
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HBO-HB7 


PGO-PG7 
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SIGNAL NAME PN NO. — | 


Е (RD) 


R/W (WR) 


HBO-HB7 


R6500/41 


R6500/42 


Table 2-1. 
DESCRIPTION 


Symmetrical square wave 
100 KHz to 2 MHZ, TTL com- 
patible input. 


Output timing signal— This is 
an internally synchronized 
1 х clock output suitable for 
external memory or peri- 
pheral interfacing. 


The reset input is used to ini- 
tialize the device. Section 7 
describes the process and 
conditions of the RES 
procedure. 


Power supply input ( + 5V) 


Signal and power ground 
(OV). 


Chip selact pin. 


Register select input pin used 
by the Host processor to in- 
dicate that information being 
written into the IPC is a data 
or command byte or to indi- 
cate that information being 
read from the IPC is a status 
or data byte. 


Host timing control signal for 
data register write and read. 


Host timing control signal for 
data register write and read. 


Data bus between Host and 
IPC data input and output 
registers. 
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Pin Description 
SIGNAL NAME 


РАО-РА7 


РВО-РВ7 


PCO-PC6 


РЕО-РЕ7 
РЕО-РЕ7 
PGO-PG7 


Н6500/41| R6500/42 


One-Chip Intelligent Peripheral Controllers 


DESCRIPTION 


8 bit ИО port used for either 
input or output. Each line 
consists сї an active transis- 
tor to Vs; and an optional 
Passive pull-up to Vcc. The 
two lower bits PAO and PA1 
also serve as edge detect in- 
puts. PA2 is time shared with 
the 16 bit Counter Input or 
output різ, CNTR. and is 
mode selected. 


8 bit МО port used for either 
input or output. Each line 
consists cf an active transis- 
tor to Vss and an active puli- 
up to Усс. This port becomes 
а tri-state data bus, 00-07, 
in the Abbreviated or Multi- 
plexed Bus Mode. 00-07 are 
multiplexed with address lines 
A4-A11 in the Multiplexed 
Bus Mode. 


7 bit ГО port used for either 
input or output. Each line 
consists cf an active transis- 
tor to Vs; and an optional 
passive pull-up to Vec. The 
pins PCO to PC5 are mul- 
tiplexed with address and 
control signals for use in 
abbreviated and multiplex 
modes. РСб is multiplexed 
with INT and is program se- 
lectable. In these two modes ` 
РСО-РС5 have active pull- 
ups. 


For the R6500/42, the 64 pin 
QUIP version, three addi- 
tional ports (24 lines) are 
provided. Each line consists 
of an active transistor to Vss- 
РЕО-РЕ7 and PGO-PG7 are 
bidirectional, and an optional 
passive pull-up to Усс is pro- 
vided. PEO-PE7 is outputs 
only with an active pultup. All 
ports will source 100 n amps. 
at 2.4v except port E (PEO- 
PE7) which will source 1 ma. 


at 1.5v. 
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SECTION 3 


SYSTEM ARCHITECTURE 


This section provides a functional description of the IPC de- 
vice. Functionally, the device consists of a CPU, both 
ROM and RAM memories, three parallel ЏО ports (six in the 
64-pin R6500/42), counter/latch circuit, a mode control reg- 
ister, and an interrupt flag/enable dual register circuit. A block 
diagram of the system is shown in Figure 3-1. 


NOTE 


Throughout this document, unless specified otherwise, 
all memory or register address locations are specified 
in hexadecimal notation. 


3.1 CPU LOGIC 


The internal CPU of the device is an enhanced R6502 con- 
figuration with an 8-bit Accumulator register, two 8-bit Index 
Registers (X and Y); an 8-bit Stack Pointer register, an ALU, 
a 16-bit Program Counter, and standard instruction register/ 
decode and internal timing control logic. 


3.1.1 Accumulator 


The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 


3.1.2 Index Registers 


There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address—the sum of 
the program counter contents and the index register contents. 


When executing an instruction which specifies indirect ad- 
dressing, the CPU fetches the op code and the address, and 
Modifies the address from memory by adding the index reg- 
ister to it prior to loading or storing the value of memory. 


Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 


3.1.3 Stack Pointer 


The Stack Pointer is an 8-bit register. It is automatically in- 
cremented and decremented under contro! of the micropro- 
cessor to perform stack manipulation in response to either 
user instructions, or an internal IRQ interrupt. The Stack 
Pointer must be initialized by the user program. 


The stack allows simple implementation of multiple level in- 
terrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 
location is stored (ог "pushed") onto the stack. Each time 
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data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1. The Stack Pointer is then placed on the Address Bus, and 
data are read from the memory location addressed by the 
Pointer. 


The stack is located on zero page, i.e., memory locations 
007F-0040. Normal usage calls for the initialization of the 
Stack Pointer at 007F. 


3.1.4 Arithmetic and Logic Unit (ALU) 


АП arithmetic and logic operations take place in the ALU, in- 
cluding incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 


Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 


3.1.5 Program Counter 


The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 


3.1.6 Instruction Register and Instruction Decode 


Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register then decoded along with timing and in- 
terrupt signals to generate contro! signals for the various 
registers. 


3.1.7 Timing Control 


The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is initialized each time 
an instruction fetch is executed and is advanced at the be- 
ginning of each low level of the Clock In pulse for as many 
cycles as are required to complete the instruction. Each data 
transfer which takes place between the registers is caused 
by decoding the contents of both the instruction register and 
timing control unit. 
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3.1.8 Interrupt Logic 


Interrupt logic controls the sequencing of two interrupts: RES 
and IRQ. IRQ is generated by any one of four conditions: 
Counter Overflow, Positive Edge Detect, Negative Edge De- 
tect, and Input Data Register Full. 


3.2 NEW INSTRUCTIONS 


In addition to the standard 6502 instruction set, four instruc- 
tions have been added to the devices to simplify operations 
that previously required a read/modify/write operation. Іп or- 
der for these instructions to be equally applicable to any І/О 
ports, with or without mixed input and output functions, the 
ИО ports have been designed to read the contents of the 
specified port data register during the Read cycle of the read/ 
modify/write operation, rather than I/O pins as in normal read 
cycles. The added instructions and their format are explained 
in the following subparagraphs. Refer to Appendix A for the 
Op Code mnemonic addressing matrix for these added 
instructions. 


3.2.1 Set Memory Bit (SMB m, Addr.) 


This instruction sets to "1" one of the 8-bit data field specified 
by the zero page address (memory or /О port). The first byte 
of the instruction specifies the SMB operation and 1 of 8 bits 
to be set. The second byte of the instruction designates ad- 
dress (00-FF) of the byte or ИО port to be operated upon. 


3.2.2 Reset Memory Bit (RMB m, Addr.) 


This instruction is the same operation and format as SMB 
instruction except a reset to "0" of the bit results. 


3.2.3 Branch on Bit Set Relative (BBS m, Addr, 
DEST) 


This instruction tests one of 8 bits designated by a three bit 
immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
ИО ports). The third byte of the instruction is used to specify 
the 8 bit relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
sequential instruction is executed. 


3.2.4 Branch On Bit Reset Relative (BBR m, 
Addr, DEST) 


This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested 
is a "0". 


3.3 READ-ONLY-MEMORY (ROM) 


The ROM consists of 1536 bytes (1.5K) mask programmable 
memory with an address space from FAOO to FFFF. ROM 
locations FFFC through FFFF are assigned for interrupt and 
reset vectors. 


3.4 RANDOM ACCESS MEMORY (RAM) 


The RAM consists of 64 bytes of read/write memory with an 
assigned page zero address of 0040 through 007F. 
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3.5 SYSTEM CLOCK 


The device functions with an external clock. It is fully asyn- 
chronous in reference to the Host computer timing. The de- 
vice clock frequency equals the external clock frequency. It 
is also made available for anv external device synchroniza- 
tion at pin #2. 


3.6 MODE CONTROL REGISTER (MCR) 


The Mode Contro! Register contains control bits for the mul- 
tifunction ГО ports and mode select bits for the Counter, the 
6500 or 8080 Bus Select, and the Interrupt (INT). Its setting 
determines the basic configuration of the device in any ap- 
plication. Initializing this register is one of the fi:st actions of 
any software program. The Mode Control Register bit as- 
signment is shown in Figure 3-2. 


The use of Counter A Mode Select is shown in Section 6. 


The use of the 6500/8080 Host Bus Select is shown in Sec- 
tion 6. 


The use of Interrupt Select is shown in Section 4.5. 


The use of Bus Mode Select is shown in Sections 4.4 and 
4.5. 


COUNTER 
SELECT MODE 


BUS MODE 
SELECT 
NOT USED 0 — О INTERVAL TIMER 
BUS SELECT 0 1 PULSE GENERATOR 
0 - 6500/6800 BUS 1 0 EVENT COUNTER 
1 = Z80/8080 BUS 1 1 PULSE WIDTH 
MEASUREMENT 


INT SELECT 


PDRT B ALL INPUTS 
PORT B ALL OUTPUTS 
ABBREVIATED BUS MODE 
MULTIPLEXED BUS MODE 


Figure 3-2. Mode Contro! Register Blt Allocations 


R6500/41 and R6500/42 


PAO POSITIVE 
EDGE DETECT 


PA1 NEGATIVE 
EOGE DETECT 
INTERRUPT ENABLE 


INTERNAL INTERRUPT 
REQUEST. IRQ ENABLE 


INT-1 ENABLE 
EXTERNAL INTERRUPT REQUEST 2, 
INT-2 ENABLE 
COUNTER UNDERFLOW 
INTERRUPT ENABLE 


Figure 3-3. Interrupt Enable and Flag Registers 


Table 3-1. interrupt Enable Signals 


Controi Signal Description 


Positive Edge Detect, Interrupt Enable— 
when this bit is true, a positive going sig- 
nal on PAO will generate ап ТАД and set 
the corresponding flag bit. 


IER 1 Negative Edge Detect Interrupt Enable— 
when this bit is set to a "1" a negative 
going signal on PA1 will generate an IRQ 


and set the corresponding flag bit. 


IER 2 Input Data Register Full Interrupt Ena- 
ble— setting this bit to a "1" allows an 
IRQ to be generated each time the Host 


fills the IDR setting the IDFR bit. 


IER 3 Output Data Register Full Interrupt Ena- 
ble— when this bit is an interrupt request 
to the Host is generated each time the 
ODAF flag is set to a "1". (See External 
Interrupts, Paragraph 3.7.1). Reading the 


ODR clears INT-1 and ODAF flags. 


IER 4 input Data Register Empty Interrupt En- 
able —when this is set to a "1" an inter- 
rupt is generated to the Host each time 
the IDR is read by the CPU. The interrupt 
occurs when the IDRF flag is cleared. 
INT-2 is cleared when the Host reads the 
status flag register. (See External Inter- 
rupts, Paragraph 3.7.1). 


IER 5 Counter interrupt Enable—if enabled, an 
IRQ is generated whenever the Counter 


overflows. 


ADDR 0012 


ADDR 0011 


INTERRUPT ENABLE 


EXTERNAL INTERRUPTS REQUEST 1, 
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3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (IER) 


An IRQ interrupt request can be initiated by any or all of four 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
simultaneous interrupts will cause the IRQ interrupt request 
to remain active until all interrupting conditions have been 
serviced and cleared. 


The Interrupt Flag Register contains the intormation that in- 
dicates which ИО or counter needs attention. The contents 
of the interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 
0010. The RMB X, (0010) instruction reads FF, modifies bit 
X to a "0", and writes the modified value at address location 
0011. Іп this way IFR bits set to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. IFR bits 6 and 7 are indeterminate on a 
Read. 


Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the re- 
spective bit position at location 0012. individual IER bits may 
be cleared by writing а "0" in the respective bit position, or 
by RES. If set to а "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-3 and the functions of each bit are explained in 
Table 3-1. 


3.7.1 External Interrupts (INT) 


An external interrupt INT to the Host computer may be se- 
lected in two modes. (See Section 5 for information on the 
Host/Device interface). 


OUTPUT DATA REGISTER (ODR) FULL 


When IER 3 of the Interrupt Enable Register is set to a "1", 
the device will assert the INT (PC6) line each time it loads 
the ООН. The ODRF flag of the Status Flag Register and the 
IFR 3 of the IFR will be set to a "1" indicating the ODR is full. 
The ODRF and ЈЕВ 3 flags are cleared and INT is negated 
when the Host processor reads the ODR. 


INPUT DATA REGISTER (IDR) EMPTY 


When IER 4 of the Interrupt Enable Register is set to a "1", 
the device will assert the INT (PC6) line each time it reads 
the IDR. The IDRF flag of the Host Status Flag Register will 
be cleared and the IFR 4 flag of the IFR will be set to a "1" 
indicating the IDR has just been read by the device. The IFR 
4 flag is cleared and INT is negated when the Host processor 
reads the Host Status Flag Register. RES clears the IDR and 
sets the IFR4 flag to indicate the register is empty. 
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3.8 PROCESSOR STATUS REGISTER 


The 8-bit Processor Status Register, shown in Figure 3-4, 
contains seven status flags. Some of these flags are con- 
trolled by the user program; others may be controlled both 
by the user's program and the CPU. The R6502 instruction 
set contains a number of conditional branch instructions 
which are designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. 


3.8.1 Carry Bit (C) 


The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic 0 if no carry oc- 
curred as the result of arithmetic operations. 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 


3.8.2 Zero Bit (Z) 


The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 


One-Chip Intelligent Peripheral Controllers 


zero. This bit is cleared to logic O when the resultant 8 bits 
of a data movement or calculation operation are not all zero. 
The R6502 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, af- 
fected by the following instructions; ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 


3.8.3 Interrupt Disable Bit (I) 


The Interrupt Disable Bit (I) is used to control the servicing 
of an interrupt request (IRQ). If the ! Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1, the 
IRQ signal will be ignored. The CPU will set the Interrupt 
Disable Bit to logic 1 if a RESET (RES) or Non-Maskable 
Interrupt (NMI) signal is detected. 


The ! bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set interrupt Mask instruction (SEI). 
This bit may also be set by the BRK Instruction. The Return 
from Interrupt (RTI) and Pull Processor Status (PLP) instruc- 
tions will also affect the I bit. 


7 6 5 4 3 2 1 0 


NOTES 
(1) Not initialized by RES 
(2) Set to Logic 1 by RES 


CARRY (C) (1) 


= Carry Set 
0 = Carry Clear 


Zero (2) (1) 

1 = Zero Result 

0 = Non-Zero Result 
INTERRUPT DISABLE (1) (2) 
1 = IRQ interrupt Disabled 
0 = IRQ interrupt Enabled 
DECIMAL MODE (D) (1) 

1 = Decimal Mode 

0 - Binary Mode 

BREAK COMMAND (B) (1) 
1 - Break Command 

0 - Non-Break Command 
OVERFLOW (O) (1) 

1 = Overflow Set 

0 - Overfiow Clear 
NEGATIVE (N) (1) 


1 = Negative Value 
0 - Positive Value 


Figure 3-4. Processor Status Register 
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3.8.4 Decimal Mode Bit (0) 


The Decima! Mode Bit (D), is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1, the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates as a straight binary аддег. The adder 
mode is controlled only by the programmer. Тне Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction will clear it. The PLP and RTI instruc- 
tions also effect the Decimal Mode Bit. 


CAUTION 


The Decimal Mode Bit will either set or clear in an un- 
predictable manner upon power application to the de- 
vice. This bit must be initialized to the desired state by 
the user program or erroneous results may occur. 


3.8.5 Break Bit (B) 


The Break Bit (B) is used to determine the condition which 
caused the IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU executed a BRK 
command, the Break Bit. will be set to logic 1. If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no in- 
structions which can set or clear this bit. 


3.8.6 Overfiow Bit (V) 


The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (- 128 = n = 127). 
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This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or -128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 


The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction which may be used to sample interface 
devices, allows the overflow flag to reflect the condition of bit 
6 in the sampled field. During a BIT instruction the Overflow 
Bit is set equal to the content of the bit 6 on the data tested 
with BIT instrction. When used in this mode, the overflow has 
nothing to do with signed arithmetic, but is just another sense 
bit for the microprocessor. Instructions which affect the V flag 
are ADC, BIT, CLV, PLP, RTI and SBC. 


3.8.7 Negative Bit (N) 


The Negative Bit (N) is used to indicate that the sign bit (bit 
7), in the resulting value of a data movement or data arith- 
metic operation, is set to logic 1. If the sign bit is set to logic 
1, the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result of 
the data moverent or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The in- 
structions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
iNC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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SECTION 4 
PARALLEL INPUT/OUTPUT PORTS 


INPUT/OUTPUT PORTS 


The IPC device provides three ports (PA, PB, and PC). The 
15 lines of PA and PC are completely bidirectional, that is, 
there are no line grouping or port association restrictions. 
The eight lines of Port B may be programmed as all inputs 
or all outputs. Port PC, however, may be multiplexed under 
program control with seven other signals. Six of these signals 
form an address and control bus for extended: addressing. 
The seventh signal is multiplexed with an external interrupt 
output, INT. АН eight Port B lines are tri-state to permit their 
use as a data bus during extended addressing modes. 


The R6500/42, a 64 pin QUIP device, has three additional 
ports: PE, PF, and PG. PE is outputs only. PF and PG are 
bidirectional. 


Internal pull-up resistors (FET's with an impedance range of 
ЗК = Rpu = 12K ohm) may be provided on ports PA and 
PC and ports PF & PG (R6500/42 only), as a mask option. 


The direction of the /О lines are controlled by 8-bit port reg- 
isters located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page ad- 
dress instructions. There are no direction registers associ- 
ated with the ИО ports, which simplifies 1/О handling. The 
ИО addresses are shown in Table 4-1. Section E.6 shows 
the VO Port Timing. 


Table 4-1. ШО Port Addresses 


0000 


оттоо >» 


) R6500/42 only 


4.1 INPUTS 


Inputs for Ports A and C, and also Ports F and G of the 
R6500/42, are enabled by loading logic 1 into all I/O port reg- 
ister bit positions that are to correspond to /О input lines. А 


low («:0.8V) input signal will cause a logic 0 to be read when 
a read instruction is issued to the port register. A high (>2.0М) 
input will cause a logic 1 to be read. An RES signal forces 
all /О port registers to logic 1 thus initially treating all 1/О 
lines as inputs. 


Port B may be all inputs or all outputs. All inputs is selected 
by setting bits MCR6 and MCR7 of the Mode Control Reg- 
ister to а "0". 


The status of the input lines can be interrogated at any time 
by reading the /О port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the ГО port registers. 


Read/Modify/Write instructions can be used to modify the 
operation of PA, PB, PC, and also PF, & PG of the R6500/ 
42. During the Read cycle of a Read/Modify/Write instruction 
the Port /О register is read. For all other read instructions 
the port input lines are read. Read/Modify/Write instructions 
are: ASL, BBS, BBR, DEC, INC, LSR, RMB, ROL, ROR, and 
SMB. 


4.2 OUTPUTS 


Outputs for Ports A thru C, and Ports E thru G of the R6500/ 
42, are controlled by writing the desired /О line output states 
into the corresponding I/O port register bit positions. A logic 
1 will force a high (>2.4V) output while a logic O will force 
а low (<20.4У) output. Port B also requires that MCR6 be set 
to a "1" and MCR7 be set to a "0". 


4.3 PORT A (PA) 


Port A can be programmed via the Mode Control Register 
(MCR) as a standard parallel 8-bit, bit independent, /О port, 
or a counter ИО line. Table 4-2 tabulates the control and 
usage of Port A. 


In addition to their normal I/O functions, PAO can detect pos- 
име going edges, and PA1 can detect negative going edges. 
An edge transition on these pins will set a corresponding 
status bit in the IFR and generate an interrupt request if the 
respective Interrupt Enable Bit is set. The maximum rate at 
which an edge сап be detected is one-half the 2 clock rate. 
Edge detection timing is shown in Section E.5. 


Table 4-2. Port A Control & Usage 


PAO-PA1 КО PA2 О PA2 COUNTER PA3-PA7 ЏО 
MCRO = 0 MCRO = 1 4d MCRO - X 
MCR1 = 0 MCR! - 0 MCRI = 1 
SIGNAL SIGNAL | SIGNAL SIGNAL SIGNAL 
NAME NAME | ТУРЕ МАМЕ ТУРЕ МАМЕ ТУРЕ МАМЕ 
ЕС ~ PA2 | еј смта OUTPUT CNTR INPUT (3) PA3-PA7 


(1) POSITIVE EDGE DETECT (2) NEGATIVE EDGE DETECT (3) HARDWARE BUFFER FLOAT 
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4.4 PORT B (PB) 


Port B can be programmed аз an ИО Port, an 8-bit tri-state 
data bus, or as a multiplexed bus. Mode selection for Port 
B is made by the Mode Control Register (MCR). The Port B 
output drivers can be selected as tri-state output drivers by 
setting bit 7 of the MCR to 0 (zero) and bit 6 of the MCR to 
1. An all inputs condition is created by setting both MCR6 
and МСА? to 0 (zero). Table 4-3 shows the necessary set- 
tings for the MCR to achieve the various modes for Port B. 
When Port B is selected to operate in the Abbreviated Mode 
PBO-PB7 serves as data register bits 00-07. When Port B 
is selected to operate in the Multiplexed Mode data bits DO 
through 07 are time multiplexed with address bits A4 through 
A11, respectively. Refer to the Memory Maps (Appendix B) 
for Abbreviated and Multiplexed memory assignments. See 
Appendix E.3 through E.5 for Port B timing. 


4.5 PORT C (PC) 


Port С can be programmed as an I/O port and in conjunction 
with Port B, as an abbreviated bus, or as a multiplexed bus. 
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When used in the abbreviated or multiplexed bus modes, 
PCO-PC5 function as Аб-АЗ, ВАМ, and EMS, respectively, 
as shown in Table 4-4. EMS (External Memory Select) is 
asserted (low) whenever the internal processor accesses 
memory area between 0080 and ОҒЕЕ, (See Memory Map, 
Appendix С). The leading edge of ЕМ5 may be used to 
strobe the eight address lines multiplexed on Port B in the 
Multiplexed Bus Mode. See Appendix E.3 through E.5 for 
Port C timing. 


4.6 PORT E, PORT F AND PORT G (PE, 
PF & PG) R6500/42 ONLY 


Port E only operates in the Output mode. It provides a Dar- 
lington output that can source current at the high (1) level. 
Port F and Port G operate identically and can be pro- 
grammed as bidirectional I/O ports. They have standard out- 
put capability. See Appendix E.3 through E.5 for Port E, F 
& Port G timing. 


Table 4-3. Ром B Control & Usage 


ABBREVIATED 
NM VO MODES MODE MULTIPLEXEO MODE 
МСН? = 0 MCR7 = 0 МСР7 = 1 МСА? = 1 
MCR6 = 0 MCR6 = 1 MCR6 = 0 MCR6 = 1 
SIGNAL SIGNAL SIGNAL PHASE 1 PHASE 2 
VE ТҮРЕ ТУРЕ SIGNAL SIGNAL 
# # | МАМЕ (1) (2) NAME | (3) | NAME | ТҮРЕ (2) | МАМЕ | ТУРЕ (3) 
30 | 49 PBO INPUT OUTPUT DO VO А4 OUTPUT | DO VO 
31 | 50 РВ1 INPUT OUTPUT 01 Пеј А5 OUTPUT | D1 vo 
32 51 PB2 INPUT OUTPUT D2 [јој Аб OUTPUT D2 VO 
33 | 52 PB3 INPUT OUTPUT D3 (Ге) А? OUTPUT | D3 О 
34 | 53 РВ4 INPUT OUTPUT D4 О AB OUTPUT | D4 vO 
35 54 РВ5 INPUT OUTPUT 05 yo A9 OUTPUT 05 yo 
36 55 PB6 INPUT OUTPUT D6 [е] А10 OUTPUT D6 VO 
| 37 56 PB7 INPUT OUTPUT D7 1/0 A11 OUTPUT D7 Ше] 


(1) TR-STATE BUFFER IS IN HIGH IMPEDANCE MODE 


(2) TRISTATE BUFFER IS IN АСТМЕ MODE 


(3) TR-STATE BUFFER IS IN АСТМЕ MODE ONLY DURING THE PHASE 2 PORTION OF А WRITE CYCLE 


Table 4-4. Port C Control & Usage 


ABBREVIATED MULTIPLEXED 

/0 MODE MODE MODE 

МСА? = 0 MCR? = 1 МСА? = 1 

MCR6 = X MCR6 = 0 MCR6 =: 1 

SIGNAL SIGNAL SIGNAL 

TYPE 

NAME (1) МАМЕ 
PCO vO АО OUTPUT OUTPUT 
PC UO A1 OUTPUT OUTPUT 
PC2 Jo A2 OUTPUT OUTPUT 
РСЗ vO A3 OUTPUT OUTPUT 
РС4 vO EMS OUTPUT OUTPUT 
PCS uo ВАМ OUTPUT OUTPUT 
PCE" VO INT OUTPUT OUTPUT 


(1) RESISTIVE PULL-UP, ACTIVE BUFFER PULL-DOWN 
(2) ACTIVE BUFFER PULL-UP AND PULL-DOWN 


*PC6 if MCR5 = 0; INT if МСР5 = 1 
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SECTION 5 
HOST INTERFACE BUS 


Two way data transfers are performed between the IPC and 
the Host microprocessor by means of the Output Data Reg- 
ister and the Input Data Register. The Host can also write a 
command to the IDR and read from the Host Status Flag 
Register. Table 5-1 shows the Host addressing matrix. A 
hardware interrupt procedure and a software poiling proce- 
dure is available to contro! data traffic between the CPU and 
Host. 


Table 5-1. 


HOST 
STATUS FLAG 


Host Addressing Matrix 


COMMAND 

INPUT 
DATA REG DATA REG 
OUTPUT INPUT 


5.1 DATA REGISTERS 


The device has an 8-bit input Data Register (IDR) and an 
8-bit Output Data Register (ODR). The IDR serves as a tem- 
porary storage for commands and data from the Host to the 
device. When transferring data from the Host to the device, 
the following conditions are in effect: 


е CS is asserted 
• RS (АО) indicates command input or data input. 
• The contents of the host data bus (HBO-HB7) are copied 


into the IDR when the appropriate Host bus write signals 
are asserted. 


The ODR serves as a temporary storage for data from the 
device to the Host. When the Host is reading data from the 
device, the following conditions are in effect: 


e CS is asserted 

e RS (AO) input selects ODR or HSFR 

e The contents of ODR or the Flag Register are placed on 
the host data bus (HBO-HB7) when the appropriate Host 
read signals are asserted. 


5.2 HOST STATUS FLAG REGISTER 


A Host Status Flag Register facilitates a software protocol 
that permits independent and uninterrupted flow of data 
asynchronously between the host computer and the device. 


The Host Status Flag Register contains 8 flag bits that can 
be read at anytime by either the Host or the device. See Fig- 
ure 5-1. General purpose flags F2 through F6 are serviced 
by the device in either read or write modes and monitored 
by the Host (Read Only). 


Flag F1 can be read at anytime by either the host or the de- 
vice. The F1 flag copies the AO (RS) input signal during any 
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host write data exchange. The device can write to the F1 flag 
at any time. 


The ODRF (Output Data Register Full) flag is set each time 
the device writes to the Output Data Register. The setting of 
the ODRF sets the device interrupt Status Register IFR3 flag. 
An Output interrupt (INT) may be generated under program 
control by setting IER3 in the interrupt enable register. The 
ODRF flag is reset only by a hardware reset or by the host 
performing a read on the output data register. The ODRF flag 
is reset following the conclusion of any host output data reg- 
ister read. The resetting of the ODRF causes the reset of the 
IFR3 flag and thus the reset of the external interrupt (INT). 


The IDRF (input Data Register Full) flag is set following the 
conclusion of any host write data exchange. The setting of 
the IDRF causes IFR2 of the device status register to be set. 
An internal interrupt may be generated under program con- 
trol by setting IER2 in the interrupt Enable Register. The set- 
ting of IDRF also causes IFR4 to be reset. The IDRF resets 
during device read of the input data register. IFR2 sets and 
ІЕН4 resets following the reset of IDRF. IFR4 may generate 
an external output interrupt (INT, input buffer empty), under 
program control by setting. |ЕА4 in the interrupt enable 
register. 


The Host Status Flag Register is cleared by the RES input. 


m 


HOST STATUS FLAG REGISTER 


HSFR ADDR 001Е 


INPUT DATA 
REGISTER 
FULL FLAG 
OUTPUT DATA 
REGISTER 

FULL FLAG 


COPIES RS ОМ 
WRITE FROM HOST 


GENERAL PURPOSE 
FLAGS STATUS REGISTER 


Figure 5-1. Host Status Flag Register Bit Allocation 


5.3 HOST COMPUTER INTERFACE 


The device will work with a variety of Host Computers. The 
HOST interface consists of a chip select, one address line, 
2 control lines and an 8 bit three state data bus. Internal logic 
of the device, controlled by MCR4, configures, the address 
and two control lines to either a 6500 or 8080 operational 
methodology. The interface is completely asynchronous and 
will work with a Host Computer up to a 5 MHz bus transfer 
rate. The device clock input frequency need not be the same 
as the Hosts. A mode control register is set to match the 
interface to that of the Host device as follows: 
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MCR4 = 0 When МСН4 is set to a logic zero, the IPC is 
configured to operate on a 6502/6800 type host bus. In 
this mode, the E input is connected to the host transfer 
strobe (VMA or 02 for 6800, 02 for 6500) and the R/W 
input is connected to the host microprocessor R/W output 
line. Figure 5-3 and Table 5-2, together, specify the rel- 
evant timing for read and write cycles on this type of host 
bus. 


Table 5-2. Host Interface 
Timing Characteristics BSEL =0 (6500) 


CHARACTERISTICS 

1 AND 2 MHz SYMBOL MIN MAX 
CS, R/W, RS Setup Time tes 10 - 
Access. Time to, - 90* 
Data Hold Time tona 10 — 
Control Hold Time tac 10 — 
Write Data Setup Time twos 75 -- 
Write Data Hold Time tonw 10 - 
Write Stroke Width tun 75 - 


*МОТЕ: 
90 ns when loading = 130 pf + 1 TTL LOAD and 
75 ns when loading = 90 pf + 1 TTL LOAD. 
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MCR4 = 1 When МСРА is set to a logic one, the IPC is 


configured for operation оп an 8080/780 type bus. In this 
mode, the RD input is used as a read strobe and the МА 
input is connected to the write strobe of the host micro- 
processor bus. Figure 5-4 and Table 5-3 show the rele- 
vant timing characteristics for this mode of operation. 


Table 5-3. Host Interface 
Timing Characteristics ВЕІ = 1 (8080) 


CHARACTERISTICS 
1 AND 2 MH 


CS, A0 Setup Time 


Data Access Time on Read 


Data Hold Time 


Control Hold Time 


Write Data Setup Time 


Write Data Hold Time 


Write Stroke Width 


"NOTE: 


90 ns when loading — 130 pf -- 1 TTL LOAD and 
75 ns when loading = 90 pf + 1 TTL LOAD. 


ИИ 
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TCS 
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Figure 5-4. Timing Diagram—Host Interface (MCR4 = 1) (8080 Version) 
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The device contains a 16-bit counter and a 16-bit latch as- 
sociated with it. The counter can be independently pro- 
grammed to operate in one of four modes: 


Counter 


e Pulse width measurement 
• Pulse Generation 

e Interval Timer 

e Event Counter 


Operating modes of the Counter are controlled by the Mode 
Contro! Register. All counting begins at the initialization value 
and decrements. When modes are selected requiring a 
counter input/output line, РА? is selected for Counter 1/0. 


6.1 COUNTER 


The Counter consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter (LC), Upper Counter 
(UC), Lower Latch (LL), and Upper Latch (UL). The counter 
contains the count of either 02 clock pulses or external 
events, depending on the counter mode selected. The con- 
tents of the Counter may be read any time by executing a 
read at location 0018 for the Upper Counter and at location 
001A or location 0019 for the Lower Counter. A read at lo- 
cation 0019 also clears the Counter Underflow Flag (IFR5). 


The 16-bit latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch at location 0018 and the Lower Latch at location 001A. 
In either case, the contents of the accumulator are copied 
into the applicable latch register. 


The Counter can be started at any time by writing to address 
0019. The contents of the accumulator will be copied into the 
Upper Latch before the contents of the 16-bit latch are trans- 
ferred to the Counter. The counter is set to the latch value 
whenever the Counter underflows. When the Counter dec- 
rements from 0000 the next counter value will be the latch 
value, not FFFF, and the Counter Underflow Flag (IFR 5) will 
be set to "1". This bit may be cleared by reading the Lower 
Counter at location 0019, by writing to address location 0019, 
or by RES. 
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SECTION 6 
COUNTER/TIMERS 
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The Counter operates in any of four modes. These modes 
are selected by the Counter Mode Contro! bits in the Control 
Register. 


MCR1 MCRO 
(bit 1) (bit Q) Mode 
0 0 Interval Timer 
0 Pulse Generation 
1 0 Event Counter 
1 1 Pulse Width Measurement 


The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are #2 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line (PA2). 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 


6.1.1 Interval Timer Mode 


In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 


1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 


2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 0019, the 
Counter is loaded with the Latch value. Note that the 
contents of the Accumulator are loaded into the Upper 
Latch before the Latch value is transferred to the 
Counter. 


The Counter value is decremented by one count at the 22 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore 14s to 65.535 
ms at the 1 MHz 2 clock rate ог 0.5us to 32.767 ms at the 
2 MHz @2 clock rate. Time intervals greater than the maxi- 
mum Counter value can be easily measured by counting IRQ 
interrupt requests in the counter ІНО interrupt routine. 


When the Counter decrements from 0000, the Counter Un- 
derflow (IF R5) is set to logic 1. If the Counter Interrupt Enable 
Bit (IER5) is also set, an IRQ interrupt request will be gen- 
erated. The Counter Underflow bit in the Interrupt Flag Reg- 
ister can be examined in the IRQ interrupt routine to deter- 
mine that the IRQ was generated by the Counter Underflow. 
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While the timer is operating in the Interval Timer Mode, PA2 
operates as a PAHO. 


A timing diagram of the Interval Timer Mode is shown in Fig- 
ure 6-1. 
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6.1.4 Pulse Width Measurement Mode 


This mode ailows the accurate méasurement of a low pulse 
duration on the РА2 line. The Counter decrements by one 
count at the #2 clock rate as long as the PA? line is held іп 
the low state. The Counter is stopped when РА2 is in the 
high state. 


The Counter underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the PA2 pin is held low. Alter the counter is 
stopped by a high level on PA2, the count will hold as long 
as PA2 remains high. Any further low levels оп PA2 will again 
cause the counter to count down from its present value. The 
state of the PA2 line can be determined by testing the state 
of PA2. 


Figure 6-1. Interval Timer Timing Diagram 


6.1.2 Pulse Generation Mode 


In the Pulse Generation mode, the PA2 line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter Underflow occurs, or a write 
is performed to address 0019. 


The normal output waveform is a symmetrical square-wave. 
The PA2 output is initialized high when entering the mode 
and transitions low when writing to 0019. 


Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 


A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one oc- 
currence of the output toggle condition. 


6.1.3 Event Counter Mode 


In this mode РА2 is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be de- 
tected is one-half the g2 clock rate. 


The Counter can count up to 65,535 occurrences before un- 
derflowing. As in the other modes, the Counter Underflow bit 
(IER5) is set to logic 1 if the underflow occurs. 


Figure 6.2 is a timing diagram of the Event Counter Mode. 


a oe EPL eee 
— [e T, 

CNTR — 20% 

COUNT | на №2 мз 


№ J L | је |] Г bcp p Ld 
— т... |- ) | 
сыта ___ 20% 20У% gay РЕТТЕ 


ЖЕК НИЕТ 


! 
| 
І 
| 
| 
COUNT N | 


І 
І 
1 
| 
| 
1 
І 


Figure 6-2. Event Counter Mode 
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7.1 POWER ON TIMING 


After application of VCC power to the device, RES must be 
held low for at least eight stable £2 clock cycles after Vec 
reaches operating range. 


Figure 7-1 illustrates the power turn-on waveforms. External 
clock stabilization time is typically 20ms. 
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Figure 7-1. Power Turn-On Timing Detail 


7.2 POWER-ON RESET 


The occurrence of RES going from low to high will cause the 
device to set the Interrupt Mask Bit—bit 2 of the Processor 
Status Register—and initiate a reset vector fetch at address 
FFFC and FFFD to begin user program execution. All of the 
ШО ports will be initialized to the high (logic 1) state. All bits 
of the Control Register will be cleared causing the Interval 
Timer counter mode to be selected and causing all interrupt 
enabled bits to be reset. 


7.3 ВЕЗЕТ (RES) CONDITIONS 


When RES is driven from low to high the device is put ina 
reset state causing the registers and I/O ports to be set as 
shown in Table 7-1. 
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SECTION 7 
POWER ON/INITIALIZATION CONSIDERATIONS 
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Tabie 7-1. RES Initialization of ИО Ports and Registers 
BITNO.——+ {7 6 5 4 3 2 1 0 
REGISTERS 


Processor Status ————— 0 — — 
Mode Control (MCR) оо 0 о о 0 о 0 
int. Enable (IER) o 0 0 о о 0 о 0 
Int. Flag (IFR) ооо 1 оо о 0 
Host Status Flag о o o 0 0 0 0 0 
Input Data о 0 0 0 0 0 0 0 
Output Data о 0 0 0 0 о 0 0 
PORTS 
PA Latch 1 1 1 1 1 1 1 1 
PB Latch 1 1 1 1 1 1 1 1 
PC Latch 1 1 1 1 1 1 1 1 
PE Latch qs cho cd de CAL Me o3 
РЕ {аһ | 6500/42 | тт 
PG Latch oy || 1 0. 4 13 4 * 1 


АН RAM and other CPU registers will initialize in а random, non- 
repeatable data pattern. 


7.4 INITIALIZATION 


Any initialization process for the device should include a RES 
as indicated in the preceding paragraphs. After stabilization 
of the external clock (if a power on situation) an initialization 
routine should be executed to perform (as a minimum) the 
following functions: 


. The Stack Pointer should be set 

. Clear or Set Decimal Mode 

. Set or Clear Carry Flag 

. Set up Mode Controls and Counter as required 
. Clear Interrupts. 


PON- 


A typical initialization routine couid be as follows: 


LDX Load stack pointer starting address into 
X Register 
TXS Transfer X Register value to Stack Pointer 
CLD Clear Decimal Mode 
SEC Set Carry Flag 
Set-up Mode Control, 
Counter, special function 
Drai registers and Clear RAM as required 
CLI Clear Interrupts 
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APPENDIX A 
EXPANDED R6502 INSTRUCTION SET 


This appendix contains a summary of the R6502 instruction The four instructions notated with a * are added instructions for 
set. For detailed information, consult the R6502 Microcomputer the IPC devices which enhance the standard 6502 instruction 
System Programming Manual, Document 29650 N30. set. 


A.1 INSTRUCTION SET IN ALPHABETIC 
SEQUENCE 


INSTRUCTION MNEMONIC | 


Load Accumulator with Memory 


Add Memory to Accumulator with Carry 
AND "AND" Memory with Accumulator LDX Load Index X with Memory 
ASL Shift Left One Bit (Memory or Accumulator) LDY Load Index Y with Memory 
LSR Shift One Bit Right (Memory or 
Accumulator) 
“BBR Branch on Bit Reset Relative 
“BBS Branch on Bit Set Relative 
BCC Branch on Carry Clear NOP No Operation 
BCS Branch on Carry Set 
BEQ Branch on Result Zero 
BIT Test Bits in Memory with Accumulator ORA "ОН” Memory with Accumulator 
BMI Branch on Result Minus 
BNE Branch on Result not Zero 
BPL Branch on Result Plus PHA Push Accumulator on Stack 
BRK Force Break PHP Push Processor Status on Stack 
BVC Branch on Overflow Clear PLA Pull Accumulator from Stack 
BVS Branch on Overflow Set PLP Pull Processor Status from Stack 
CLC Clear Carry Flag “RMB Reset Memory Bit 
CLD Clear Decimal Mode ROL Rotate One Bit Left (Memory or 
си Clear Interrupt Disable Bit Accumulator) 
CLV Clear Overflow Flag ROR Rotate One Bit Right (Memory or 
CMP Compare Memory and Accumulator Accumulator) 
CPX Compare Memory and Index Х RTI Return from Interrupt 
CPY Compare Memory and Index Y RTS Return from Subroutine 
DEC Decrement Memory by One SBC Subtract Memory from Accumulator with 
DEX Decrement Index X by One Borrow 
DEY Decrement Index Y by One SEC Set Carry Flag 
SED Set Decimal Mode 
SEI Set Interrupt Disable Status 
EOR "Exclusive-Or" Memory with "SMB Set Memory Bit 
Accumulator STA Store Accumulator in Memory 
STX Store Index X in Memory 
STY Store Index Y in Memory 
INC Increment Memory by One 
INX Increment Index X by One 
INY Increment Index Y by One TAX Transfer Accumulator to Index X 
TAY Transfer Accumulator to Index Y 
TSX Transfer Stack Pointer to Index X 
Jump to New Location ТХА Transfer Index X to Accumulator 
Jump to New Location Saving Return TXS Transfer Index X to Stack Register 
Address TYA Transfer Index Y to Accumulator 
ET ESI E == 
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R6500/41 and R6500/42 One-Chip Intelligent Peripheral Controllers 
A.3 INSTRUCTION CODE MATRIX 


0 


ВАК | —ОР Соде 
0 | Implied | —Addressing Mode 


1 7 | —Instruction Bytes; Machine Cycles 
9 mee 9 1 2 3 4 5 6 7 8 9 A в с D E F 
r ~ 
= BRK ORA ORA ASL RMBO PHP ORA ASL ORA ASL BBRO 
0 | Implied | (IND, X) 2Р 2Р 2Р implied | IMM | Accum ABS ABS гР о 
125-1326 23 2 5 25113 22112 3413613 5" 
ВРІ ОНА ОВА ASL RMB1 сіс ОНА ОВА ASL BBR1 
1 | Relative | (IND), Y 2Р,Х | 2Р,Х гР implied | ABS, Y ABS, X | ABS, X 2Р 1 
|22 2 9 1 J feet 208] 911-2. | 3425,37 3 5 
JSR AND BIT AND ROL Нмв2 PLP AND ROL. BIT AND ROL BBR2 
2 | Absolute; (IND, X) гР 2Р ZP ZP implied | (MM | Accum ABS ABS ABS гР 2 
36 2 6 2 3 23 25 25 14 22 12 д 34 34 36 |3 5" 
и —— с i a | 4 4 4 
BMI AND AND ROL RMB3 SEC AND | АМО ROL BBR3 
3 | Relative | (IND, Y) 2Р,Х | 2Р,Х 2Р implied | ABS, Y | ABS, X | ABS, X 2Р 3 
22125 24 26 2 5 12 34 34 37 3 5" 
4— + = 4 = Ж + + + —- + + + + 4 
RTI EOR EOR LSR RMB4 PHA EOR LSR | JMP EOR LSR BBR4 
4 | implied | (IND, Х) 2Р 2Р 2Р implied | IMM Accum | ABS ABS ABS 2Р 4 
16 26 1 23 25 25 13 22 12 33 34 3 6 3 5" 
+ 
вус | оя | ЈЕ | EOR | (өн | ямвё | си | EOR | | Г EOR | ава | BBRS | 
5 | Relative | UND), Y ZP.X | ZP.X | ZP | Implied | ABS. Y | ABS,X|ABS,X| 2P 5 
22-125 24 26 25 12 34 | 3 4 37 [3 5" 
— + 4 --- + 
RTS ADC ADC ROR RMB6 PLA ADC ROR JMP ADC ROR BBRE 
6 | тред | (IND, X) ІР ІР 2р implied | IMM | Accum indirect} ABS ABS 2Р 6 
16 | 26 23 25 25 14 22 12 35 34 36 |3 5" 
+ —-- E —+ — — + 
BVS ADC | ADC ROR RM87 SEI ADC | ADC ROR BBR? 
7 | Relative | (IND, У) ZP.X | 2Р,Х 2Р Implied | ABS, Y ABS, X | ABS, X ZP 7: 
2125 24 26 25 12 34 1 зе a dae a 
~ A- T- — + 
STA STY STA STX T SM80 DEY TXA STY STA STX 8850 
8 (IND, X) 2Р 2Р 2Р 2Р implied implied ABS ABS ABS zp 8 
26 23 23 23 2.5 12 12 3 4 3 4 34 |3 5" 
сие 1. ЈЕ Т 
всс STA STY STA STX SMB1 TYA STA TXS STA 8851 
9 | Relative | (IND, Y) 2Р,Х | ZP,X | ZP, Y 2Р Implied | ABS, Y | Implied ABS, X 2Р 9 
2 2" 26 M 24 24 24 25 12 35 12 35 3 5" 
—- + 4 +. +. + + + + + | 4- 
LDY LDA LDX LDY LDA LDX SMB2 TAY LDA TAX LDY LDA LDX BBS2 
A мм | (IND, X) | IMM ZP ZP 2Р 2Р Implied | IMM | tmpiied ABS ABS ABS ZP A 
22 26 22 23 23 23 25 5 22 12 34 34 34 |3 5" 
BCS 1 LDA | | T у I LDA | LDX SMB3 | CLV n LDA TX | | LDY LDA B LDX BBS3 
B | Relative| (IND), Y ZP,X | ZP, X | 2Р,Ү гР Implied | ABS, Y | Implied ABS, X| ABS, X | ABS, Y 2Р в 
29125 24 24 24 25 12 3 4 12 за | 34343 5" 
+ + m + T B I— 
CPY CMP CPY CMP DEC SMB4 iNY CMP DEX СРҮ СМР DEC 8854 
с мм | (IND, X) 2Р 2Р 2Р 2Р Implied | IMM | Implied ABS | ABS ABS 2Р с 
і22|261 2221225 38027 02 жаа EG 34 34 36 3 5" 
ВМЕ СМР СМР DEC SMBS CLD CMP CMP ОЕС 8855 
D | Relative} (IND), Y 2Р,Х | 2Р,Х 2Р Implied | ABS, Y ABS, X | ABS, X 2Р D 
22125 24 26 2 5 12 3 4 3 4° 37 3 5" 
-- a + |. |. Н 
СРХ SBC CPX SBC INC SMB6 INX SBC NOP CPX SBC INC BBS6 
E мм | (IND, X) 2Р 2Р 2Р 2Р implied | iMM |Ітрһей АВ5 АВ5 ABS 2Р Е 
22 26 23 23 25 25 12 22 12 34 34 36 |3 5" 
4 + 4 + + + + 
ВЕС SBC SBC INC | SMB7 | SED SBC SBC INC 8857 
F | Relative! (IND), Y ZP.X | ZP.X 2Р Implied | ABS, У i ABS, X | ABS, X 2P F 
22"|2 5 24 26 25 12 3 4 [34 37 |3 5" 
1 і. 4 i. L 4 i. Бела а. 
0 1 2 3 4 5 6 7 8 9 А B с D E F 


*Add 1 to N if page boundary is crossed. 
“Ааа 1 to МИ branch occurs to same раде; 
add 2 to N if branch occurs to different page. 
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R6500/41 and R6500/42 Опе-Стр Intelligent Peripheral Controllers 


APPENDIX B 
KEY REGISTER SUMMARY 


CPU Registers Processor Status Register 
7 6 5 а 3 2 t 0 

7 o 

C a ассимиатов a fap Tee ele 

T о 

тоех ввовтеяу У Caney (c 

7 о - 1 Carry Set 

(7 moex вевіѕтея x x 0 Carry Сіваг 
15 7 0 2его (2) (1) 

РСН PCL Ра 

[ -L J ОСАМ COUNTER РС 1 Zaro Resu 


0 Non-Zero Result 


7 INTERRUPT DISABLE (I) (2) 


0 
[Av] [s 19] [2 [о } processon status вес Р 1 ЗЛО Interrupt Disabled 


0 180 Interrupt Enabled 


DECIMAL MODE (D) (1) 


1 Decimal Mode 
о Binary Mode 


. ~ BREAK COMMAND (B) (1) 
Mode Control Register 1. Break Command 
0  Моп-Вгвак Command 


OVERFLOW (O) (t) 


ADDA 0014 1^ Overtlow Set 
0 Overflow Clear 
NEGATIVE (М) (1) 
NOTES 
(1) Not initiaiized by RES t Negative Value 
COUNTER (2) Set to Logic 1 by RES 0 Positive Value 
SELECT MODE 
#5 MODE 
SELECT 
NOT USED 0 0 INTERVAL TIMER 
9 1 PULSE СЕМЕНАТОН 
1 0 EVENT COUNTER 
BUS SELECT 1 1 PULSE WIDTH MEASUREMENT А 
о - 650016800 BUS Interrupt Enable and Flag Registers 
1 2808060 BUS 
INT SELECT 
0 PCE ER ADDA 0012 
1 NT 
0 0 РОНТВ ALL INPUTS 
0 1 PORT B ALL OUTPUTS 
1 0 ABBREVIATED BUS MODE 
1 1 MULTIPLEXED BUS MODE 


ADDR 0011 


Host Status Flag Register 


РАО POSITIVE 
EDGE DETECT 


ADDR 001Е INTERRUPT ENABLE 


PAt NEGATIVE 
EDGE DETECT 
INTERRUPT ENABLE 
INTERNAL INTERRUPT 
REQUEST. IRQ ENABLE 


EXTEANAL iNTERRUPTS REQUEST 1, 


IPUT DATA REGISTER INT. ENABLE 

INPUT 1 

FULL FLAG EXTEANAL INTERRUPT REQUEST 2, 
INT-2 ENABLE 


COUNTER UNDERFLOW 
INTERRUPT ENABLE 


OUTPUT DATA REGISTER 
FULL FLAG 


Host Addressing Matrix 


COPIES AS ON 
WRITE FROM HOST 


HOST COMMAND 


STATUS FLAG INPUT 


GENERAL PURPOSE 
FLAGS STATUS REGISTER DATA REG DATA REG 


OUTPUT INPUT 
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R6500/41 and 6500/42 One-Chip Intelligent Peripheral Controllers 


APPENDIX C 
MEMORY MAPS AND ADDRESS AND PIN ASSIGNMENTS 


C.1 ABBREVIATED BUS MODE MEMORY MAP 


FFFE VECTOR 
ino “650042 ONLY 
FFFC "RES VECTOR #DELETED FOR NORMAL MODE 


FFFB 


РАСО 


OFFF 


оок 
INTERNAL 
REGISTERS 
ZONE FOR 18 
BMS (ACTIVE Low PERIPHERAL 
DEVICE 99 
ADDRESSES + 
0080 
“ ғ INTERNAL ВАМ —— 0006 
«io (64 BYTES) INTERNAL | 
VO PORTS Е. F & G* 
001Е INTERNAL d 
H VO PORTS A, B. С | 
0000 Еран АРГЕН 
ВО МЕСТО * 6500/42 ONLY 
FFFC RES VECTOR 
FFFB 
FAOO 
OFFF ud 
INTERNAL 
EXTERNAL 
= eli AEGISTERS 
$ (ACTIVE LOW) 4096-128 BYTES 
MULTIPLEXED E ——2 и 
DATA AND ADDRESS 
0080 
"n INTERNAL RAM M — — —-] ooo 
РАЈА (64 BYTES) INTERNAL i 
VO PORTS E. F & G* t 
0004 
0D1F 2 
INTERNAL 9% 
{ VO PORTS А. В. С i 
0000 Када 


*R6500/42 ONLY 
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R6500/41 and R6500/42 
С.З ИО AND INTERNAL REGISTER ADDRESSES 


One-Chip Intelligent Peripheral Controllers 


ADDRESS READ WRITE 
001Е ---- —— 
1E Host Status Flag Register Host Status Flag Register 
1D —— —— 
1C Input Data Register (IDR) Output Data Register (ODR) 
18 —— —— 
1A Lower Counter Lower Latch 
19 Lower Counter & Clear Flag (IFRS) Upper Latch/Transfer Latch to Counter & Clear Flag (IFR5) 
18 Upper Counter Upper Latch 
17 c к= 
16 ---- —— 
15 —— —— 
14 Mode Control Register Mode Control Register 
13 ---- —— 
12 interrupt Enable Register Interrupt Enable Register 
11 Interrupt Flag Register SS 
10 Read "FF" Clear Int Flag Bit 
OF —— —— 
ОЕ —— ---- 
00 "€ = 
ос —— —-— 
08 —— —— 
0A —— —— 
09 --- zy 
08 ---- —— 
07 = —— 
06 Port G (R6500/42 only) Port G (R6500/42 only) 
05 Port F (R6500/42 only) Port F (R6500/42 only) 
04 Port E (R6500/42 only) Port E (R6500/42 only) 
03 —— ---- 
02 Роп С Port С 
01 Pon В Роп В 
00 Port А Port А 


C.4 MULTIPLE FUNCTION PIN ASSIGNMENTS 


PIN NUMBER vo ABBREVIATED PORT MULTIPLEXED PORT 1 
Н6500/41 R6500/42 FUNCTION FUNCTION FUNCTION 
13 16 РСО АО АО 
14 17 РС1 А1 А1 
15 18 РС2 A2 A2 
16 19 PC3 A3 АЗ 

| — ——T = — 
17 20 PC4 ВАМ ВА 
18 21 РС5_ EMS | EMS _ 
19 22 PC6/INT PC6/INT PC6/INT 
30 49 PBO DO А4/00 
31 50 PBI 01 A5/D1 
32 51 PB2 D2 A6/D2 
33 52 PB3 D3 A7/D3 
34 53 PB4 D4 A8/D4 
35 54 PB5 D5 A9/D5 
36 55 PB6 06 A10/D6 
37 56 PB? 07 A11/D7 
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R6500/41 and R6500/42 


One-Chip Intelligent Peripheral Controllers 


MAXIMUM RATINGS* 


Parameter | Symbol Value | Unit *NOTE: Stresses above those listed may cause permanent 
Supply Voltage | Voc -0.3 to +70 | Vde damage to the device. This is a stress rating only and functional 
incur Vollade | Y | ОЗО ЛӨ | a operation of the device at these or any other conditions above 

ee Е pee e 5 those indicated т the other sections of this document is not 
Operating Temperature ТА °C implied. Exposure to absolute maximum rating conditions for 
Commercial 0 to +70 extended periods may affect device reliability. 
Storage Temperature | Тѕте -55 to +150 °С 
DC CHARACTERISTICS 
(Vcc = 5V +5%, Vss = 0) 
Parameter Symbo! Min Typ. EE Max. Units 
Power Dissipation (Outputs High) Pp mW 
Commercial 0°C to +70°C — 500 | — 1 
Input High Voltage (Normal Operating Levels) Vin +2.0 m — Vcc Vdc 
Input Low Voltage (Normal Operating Levels) Vit -0.3 — +0.8 Мас 
Input Leakage Current lin -10.0 +10.0 нАас 
Vin = 0105.25 Vde 
Input Low Current і = 1.0 -1.6 mAdc 
(Vi, = 0.4 Мас) 
| Output High Voltage Мон +24 = Vec Vdc 
(Мсс= тіп, pap = = 100 дАдс) 
Ошрш Ноћ Монаде Vemos Vec - 30% — Vec Мас 
(Усс = тіп) 
Output Low Voltage VoL Б - %0.4 Мас 
(Vec = min, |рар = 1.6 mAdc) i 
Output High Current (Sourcing) іон – 100 — — кАйс 
(Мон = 2.4 Мас) 
Output Low Current (Sinking) lo. 1.6 — — mAdc 
(VoL = 0.4 Мас) 
Darlington Current Drive, PE* lou - 1.0 — — mAdc 
(Мон = 1.5 Мас 
Output Low Current, РЕ* lo. 1.6 — — mAdc 
(VoL = 0.4 Мас) 
Input Capacitance Cin — — 10 pF 
(Vin = 0, ТА = 25°C, f = 1.0 MHz) 
PA, PB, PC, PF*, PG* 
Output Capacitance Г Cour - - 10 рЕ 
(Vin - 0, Ta = 25°C, f = 1.0 МН?) | 
ШО Port Resistance В, 3.0 6.0 11.5 ко 
РАО-РА7, РСО-РС6 
PFO-PF7, PGO-PG7 


Note: Negative sign indicates outward current flow, positive indicates inward flow. Veg = 5У + 5%. 


*R6500/42 only. 
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R6500/41 and R6500/42 


TIMING REQUIREMENTS AND CHARACTERISTICS 


E.1 GENERAL NOTES 
1. Мос 5У = 5°,0C < ТА < 70C 


2. А valid Усс — RES sequence is required before proper 
operation is achieved 


3. All timing reference levels аге 0.8V and 2.0V. unless 
otherwise specified. 


4. All time units are nanoseconds, unless otherwise specified. 


5. All capacitive loading is 130pf maximum, except as noted 
below: 


PA, PB 
PB, PC (I/O Modes Only) 
PB, PC (ABB and Mux Mode) 


50pf maximum 
50pf maximum 
130pf maximum 


One-Chip Intelligent Peripheral Controllers 
APPENDIX E 


E.2 CLOCK TIMING 


= 


SYMBOL PARAMETER a E 2 иш 
MIN | МАХ | MIN MAX 

Tos Cycle Time 1000 | 1045 | 500 | 10 us 

То CLKIN Input Clock 475 — 240 — 
Pulse Width 

Tras рт” Clock Pulse | Темјо | Томо |Тьмю | Tro 
Width at Minimum +25 +20 
Текс 

Те Te Output Clock Rise, - 25 - 15 
Fall Time 

--{— 
Ла Те Input Clock Rise. = 10 — 10 


Fall Time 
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R6500/41 and R6500/42 One-Chip Intelligent Peripheral Controllers 
E.3 ABBREVIATED MODE TIMING—PB AND PC 


(MCR 5 = 1, МСН 6 = 0, MCR 7 = 1) 


EMS Setup Time 


NOTE 1: Values assume PCO-PC5 have the same capacitive load. 


E.3.1 Abbreviated Mode Timing Diagram 


READ WRITE 


c MN жала ТЕРІН нн 
Ts 


R/W 
(PC5) 
Tecns 
—+} |+——— Тону 
а А 
Трсур 


РС0-РСЗ 


Ж 
= 

| 
=< 


==) Tu — 


Трвнм 


| 
| 


А6500/41 and R6500/42 One-Chip Intelligent Peripheral Controllers 
E.4 MULTIPLEXED MODE TIMING—PB AND PC 


(MCR 5 = 1, MCR6 = 1, MCR7 = 1) 


SYMBOL PARAMETER 


(PCS) ВАМ Setup Time 
Treas (РСО-РСЗ) Address Setup Time 
Treas 


(PB) Address Setup Time 


= Data Setup Time 
us | | 


30 T 30 = 


(РСА) EMS Hold Time о | — {wo [= | 


NOTE 1: Values assume РС0-РС5 have the same capacitive load. 


E.4.1 Multiplex Mode Timing Diagram 


i— + + T 
PCO-PC3 | Ж |: 
ie, ++ — 


YR Трвор 


р = A 


Treas == --- Трсур Трвня 


Трен 
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R6500/41 and R6500/42 One-Chip Intelligent Peripheral Controllers 
Е.5 ИО, EDGE DETECT AND COUNTER TIMING 


SYMBOL PARAMETER 


internal Write to Peripheral Data Valid 


PA, PC TTL 
Pa, PC CMOS 
PB 


Peripheral Data Setup Time 


PA, PC 
PB 


Peripheral Data Hold Time 


PA, PC 
PB 


PAO-PA1 Edge Detect Pulse Width 
Counter 


PA2 Input Pulse Width 
PA2 Output Delay 


NOTE 1: Maximum Load Capacitance: 50pF Passive Pull-Up Required 


E.5.1 1/0, Edge Detect, Counter 


ж-- Тсус Ым—— 
TT колы су 
$2 | а 15V Es 1.5V 
Tpposu 
> 
РАО-РА7 слем 
РВО-РВ7 
PCO-PC7 = = 
= 
Tpun 
EDGE DETECTS 
(РАО-РА1) Е 
ТЕРМ 
CNTR 1.5V 1.5Ұ 1. 1.5V $ 
PA2 < el > 
Tcew Topw 
= ТСО 
CNTR | boc ME 24V 
PA2 SN 
P 0.4V =< IE 
Трром 
РВО-РВ7 
= - — = >| 
а смов 
РАО-РА7 — — — ——..— Тром SW VDD-30 
ipid rau em 
" —— А 
РСО 6 0.4V 
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R65/41EB • R65/41EAB 


R6500 Microcomputer System 


6 % R65/41EB AND R65/41EAB 


BACKPACK EMULATORS 
Rockwell 


INTRODUCTION . FEATURES 

The Rockwell R65/41EB and R65/41EAB Backpack Emulator ® PROM version of the R6500/41 

is the PROM prototyping version of the 8-bit, masked-ROM • All Host bus features of R6500/41 

R6500/41 one-chip microcomputer. Like the R6500/41, the e Completely pin compatible with R6500/41 single-chip micro- 
backpack device is totally upward/downward compatible with all computers 


members of the R6500/41 family. It is designed to accept stan- у Um 41 
dard 5-volt, 24-pin EPROMs or ROMs directly, in a socket on Profile approaches 40 рп OIF ot о 
top of the Emulator. This packaging concept allows a standard Accepts 5 volt, 24-pin industry-standard $ 
EPROM to be easily removed, re-programmed, then reinserted —4K memories—2732, 2732A 


as often as desired. e Use as prototyping 100! or for low volume production 
e 4K bytes of memory capacity 

The backpack devices have the same pinouts as the masked- А 

| ; қ e 64 x 8 static ВАМ 
НОМ R6500/41 microcomputer. These 40 pins are functionally PA m d ; 
and operationally identical to the pins on the R6500/41. The • Software compatibility with the 55 family 
R6500/41 Microcomputer Product Description (Rockwell Docu- e 23 bi-directional TTL compatible ИО lines 
ment No. 29651N38, Order No. 2135) includes a description of e 16 bit programmable counter/latch with four modes (inter- 
the interface signals and their functions. Whereas the masked- val timer, pulse generator, event counter, pulse width 
НОМ R6500/41 provides 1.5K bytes of read-only memory, the measurement) 
R65/41EB will address 4.0K bytes of external program memory. • 7 interrupts (reset, two external edge sensitive, counter 
This extra memory accommodates program patches, test pro- underflow, Host data received, Output data register full, Input 
grams or optional programs during breadboard and prototype data register empty). 


development states. 


External time base 
Single +5V power supply 


ORDERING INFORMATION 


Backpack Emulator 


Part Memory Compatible Temperature 
Number Capacity Memories Range and Speed 


А65/41ЕВ 4K x 8 2732 0°C to 70°C 


1MHz 


R65/41EAB 4K x8 2732А 0°С to 70°C 
2 MHz 


Support Products 


Part 
Number 


565-101 


Description 


SYSTEM 65 Microcomputer 
Development System 
PROM Programmer Module 


M65-040 


M65-131 1-MHz R6500/41 Personality Module 
M65-132 2-MHz R6500/41 Personality Module 
RDC-1001 Rockwell Development Center 
RDC-131 1 MHz R6500/41 Personality Set (RDC) 


RDC-132 2 MHz R6500/41 Personality Set (RDC) 


R65/41EB-R65/41EAB Backpack Emulator 


Document No. 29001D14 Data Sheet Order No. D114 
3-251 February 1983 


R65/41EB • R65/41EAB 


CONFIGURATIONS 


The Backpack Emulator is available in two different versions, 
to accommodate 1 MHz and 2 MHz speeds. Both versions 
provide 192 bytes of RAM and I/O, as well as 24 signals to 
support the external memory “backpack” socket. 


External 4K memories with addresses of 000 to FFF, are 
upward translated to addresses F000 to FFFF when assem- 
bled to form the Backpack Emulator. 


EXTERNAL FREQUENCY REFERENCE 


The external frequency reference i$ an output timing signal 
#2. This is an internally synchronized 1 x clock output suit- 
able for external memory or peripheral interfacing. 


/О PORT PULLUPS 


The emulator devices have internal I/O port pullup resistors 
on ports A and C. Port B has tri-state drivers. 


мес, VSS 


24 PROM/ROM 
PINS 


Backpack Emulators 


PRODUCT SUPPORT 


The Backpack Emulator is just one of the products that Rock- 
well offers to facilitate system and program development 
for the R6500/41. 


The SYSTEM 65 Microcomputer Development System with 
R6500/41 Personality Module supports both hardware and 
software development. Complete in-circuit user emulation 
with the R6500/41 Personality Module allows total system 
test and evaluation. With the optional PROM Programmer, 
SYSTEM 65 can also be used to program EPROMs for the 
development activity. When РВОМ programs have been fin- 
alized, the PROM device can be sent to Rockwell for masking 
into the 1.5K ROM of the R6500/41. 


In addition to support products, Rockwell offers regularly- 
scheduled designer courses at regional centers. 


CLOCK 
OSCILLATOR 


РАО-РА7 
INTERRUPT PORT A 8 > 
LOGIC MIT и > 
| PBO-PB7 
PORT B 7% 
и > 
| PCO-PCE 
64Х8 PORT C DT 
RAM MIT 
нво-нв7 
INPUT DATA da 
REGISTER MI 
RS (A0) 


CONTROL 
REGISTER 


EDGE 
DETECT 


-C 
УСС, VSS 


COUNTER/ AD 
LATCH a 
RW (WA) 


40 R6500/41 
COMPATIBLE PINS 


R65/41EB Interface Diagram 


R65/A1EB e R65/41EAB Backpack Emulators 


BACKPACK MEMORY SIGNAL 
DESCRIPTION 


Description 


9$-11$, 
135-178 


Data Bus Lines. АН instruction and data 
transfers take place on the data bus lines. 
The buffers driving the data bus lines have 
full three-state capability. Each data bus 
pin is connected to an input and an output 
buffer, with the output buffer remaining in 
the floating condition. 

Address Bus Lines. The address bus lines 
are buffered by push/pull type drivers that 
can drive one standard TTL load. 

Chip Enable. 

Memory Enable Line. This signal provides 
the output enable for the memory to place 
information on the data bus lines. This 
signal is driven by the R/W signal from the 
CPU and then inverted to form OE. This 
signal is driven by the inverted address line 
А11. The OE signal wil! be tow for 
addresses greater than OFFF. 

Main Power Supply +5V. This pin is tied 
directly to pin 40 (Усс). 

Signal and Power Ground (zero volts). This 
ріп is tied directly to pin 21 (Vss). 


24-РІМ SOCKET 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 


Pin Configuration 


(1) PIN 21 is Voc for R65/41EB or A11 for R65/41EB 


VO AND INTERNAL REGISTER ADDRESSES 


Address Read Write 


Host Status Flag Register 


Host Status Над Register 


Input Data Register (IDR) Output Data Register (ODR) 


Lower Counter 
Lower Counter & Clear Flag (IFRS) 


Upper Counter 


Lower Latch 
Upper Latch/Transfer Latch to Counter & Clear Fiag (IFRS) 


Upper Latch 


Mode Contro! Register 


Mode Control Register 


Interrupt Enable Register 
Interrupt Flag Register 


Interrupt Enable Register 


Read "FF" Clear Int Flag Bit 
Port C Port C 
Port B Port B 
Port A Port A 
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А65/41ЕВ e R65/41EAB Backpack Emulators 


READ TIMING CHARACTERISTICS 


L Signal 2 Symbol 
OE and CE setup time from CPU Toes 
Address setup time from CPU Taps 
Memory read access time Тасс 
Data set up time Трвџ 
Data hold time—Read Tur 
Address hold time Tua 
OE and CE hold time Tube 


Cycle Time Тсус 


READ TIMING WAVEFORMS 


$2 


ADDRESS FROM 
CPU 


DATA FROM 
MEMORY 


MODE MEMORY MAP MODE MEMORY MAP 
FFFE IRQ VECTOR БЕРЕ IRQ VECTOR 
FFFC RES VECTOR FFFC RES VECTOR 
FFFB FFFB 
f ном 1.5K ROM 1.5K 
FAoo ҒА0О 
EXTENDED EXTENDED 
кош ROM (2.5К)* d ROM (2.5К)* 
— OFFF 0091F i ] Д 
р 
р 
INTERNAL " d INTERNAL 
| ZONE FOR 16 REGISTERS | PATERNAL РА REGISTERS 
a с р, 
EMS (АСТМЕ LOW) Ер EMS (ACTIVE LOW) 4096-128 BYTES РА 
ЕМСЕ 0010 MULTIPLEXED РА Ls по 
ADDRESSES DATA AND ADDRESS M 
BUS / 
E 
0080 обво [| ; 
wid INTERNAL RAM ү INTERNAL ВАМ 2. 
64 BYTES] (64 BYTES М 
0040 | —" ) odao а UE | / 
UNASSIGNED РА 
" 
ae 0002 
one INTERNAL t as INTERNAL INTERNAL 
м VD PORTS A, B.C | ooo odoo | 'O^NDREGSTERS | 000000002 VO PORTS А, B.C | goog 
" R6500/42 ONLY 
"Not available for masked ROM R6500/41. “Not avallable for maskad RDM R6500/41. 
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R65/41EB • R65/41EAB 


Backpack Emulators 


ELECTRICAL CHARACTERISTICS 
(Усс = 5.0 = 5%, Vss = 0, ТА = 25°С) 
Characteristic 


Input High Threshold Voltage 
00-07 


Input Low Threshold Voltage 
00-07 


Three-State (Off State) Input Current 
(V = 0.4 to 2.4V, Усс = 5.25V) 
00-07 


Output High Voltage 
(коло = 100 Adc, Усс = 4.75У) 


00-07, А0-А11, ОЕ, СЕ 


Output Low Моћаде 
(одр = 1.6 mAde, Усс = 4.75У) 
20-07, А0-А11, ОЕ, СЕ 


Power Dissipation (less EPROM) 


Capacitance 

(Vin = 0, Ta = 25°C, f = 1 MHz) 
00-07 (High Impedance State) 
Input Capacitance 


ЏО Port Pull-up Resistance 


A0 


aaaoaogoocoogaoounua 


| || 
| 


i 
| 
1 


] 
| 
| 

d 
comnpompgoodogouon 


2.020 MAX А 
e| |= 0.050 = 020 
hun 1.220 MAX = 
Г Т so. 0.185 
--95430-- МАХ 
oe LS 
| 0.018 
|--—- 0.050 +.015 BOTH ENOS АЈА = .003 0.125 
—- j- 0.100 = .010 ТУР ТҮР | |+ 0.040 +.007 ТУР MIN 
1.900 -.002 


40-Pin Backpack Package 
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R6541Q e R6500/43 
R6500 Microcomputer System 


R6541Q AND R6500/43 
INTELLIGENT PERIPHERAL CONTROLLERS 


SECTION 1 
INTRODUCTION 


1.1 FEATURES OF THE R6541Q & 
R6500/43 


e Directly compatible with 6500, 6800, 8080, and Z80 bus 
families 

Asynchronous Host interface that allows independent clock 
operation 


Input, Output and Status Registers for CPU/Host data 
transfer 


Status register for CPU/Host data transfer operations 
e Interrupt or polled data interchange with Host 
e Enhanced 6502 CPU 
e Four new bit manipulation instructions 
e Set Memory Bit (SMB) 
e Reset Memory Bit (RMB) 
e Branch on Bit Set (BBS) 
e Branch on Bit Reset (BBR) 
® Decimal and binary arithmetic modes 
e 13 addressing modes 
• True indexing 
256-byte mask-programmable НОМ” 
64-byte static RAM 
23 TTL-compatible ИО lines 
A 16-bit programmable counter/timer, with latch 
• Pulse width measurement 
e Pulse generation 
e interval timer 
ө Event counter 
e Eight interrupts 
e Two edge-sensitive lines; one positive, one negative 
e Reset 
e Counter Underflow 
e Host data received 
• 
• 
. 


Output Data Register full 
Input Data Register empty 
Non-maskable 
e Multiplexed bus expandable to 4K bytes of external memory 


*R6541Q has no ROM. 


Unmultiplexed Address and Data buses for 4K of Periph- 

eral I/O expansion 

e 68% of the instructions are executed in less than 24s @ 
2 MHz 

e NMOS silicon gate, depletion load technology 

e Single +5V power supply 

e 64-pin QUIP 


NOTE 


This document describes both the R6541Q and 
R6500/43. In the text, the terms IPC or device will be 
used when describing both parts. See Section 1.3 for 
a description of the options available for the R6500/13 
and the fixed features of the R6541Q. 


1.2 SUMMARY 


The Rockwell R6541Q and R6500/43 One-Chip Intelligent 
Peripheral Controllers (IPC) are general purpose, program- 
mable interface I/O devices designed for use with a variety 
of 8-bit and 16-bit microprocessor systems. They have an 
enhanced R6502 CPU, an optional 256 by 8-bit ROM, 64 by 
8-bit RAM, three УО ports with multiplexed special functions, 
a multi-function timer, and a full 4K address and data buses 
all contained within a 64-pin Quad-in-line package. 


In both versions, special interface registers allow these IPC 
devices to function as peripheral controllers for the 6500, 
6800, Z80, 8080, and other 8-bit or 16-bit host microcom- 
puter systems. 


The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and & wide range of 
computational power. These features make the device a 
leading candidate for IPC computer applications. 


Document No. 29651N39 Product Description Order No. 2136 
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R6541Q and А6500/43 Intelligent Peripheral Controllers 


Rockwell supports development of the R6541Q and R6500/43 • Without ROM 
with the System 65 Microcomputer Development System and e Reset Vector at FFFC 
the R6500/* Family of Personality Modules. Complete e No internal pull-up resistors on any Port (PA or PC) 


in-circuit emulation with the R6500/* Family of Personality 


Modules allows total system test and evaluation. | | 
CLK CIRCUIT [ EOGE DETECT 
This product description assumes that the reader is familiar pao-pa7 
with the R6502 CPU hardware and programming capabilities. wusac | | srarus nea. pao pe) 
A detailed description of the R6502 CPU hardware is included (PA2-CNTR) 
in the R6500 Microcomputer System Hardware Manual euer | | Опа 
(Document Order Number 201). А descrption of the instruc- aid 
tion capabilities of the R6502 CPU is contained in the R6500 — (007-07, 
Microcomputer System Programming Manual (Document L 54 BYTES RAM PORTB 
Order Number 202). 4 PCO-PCS 
255 BYTES ROM PORTC ] К Fe - pen 
4 r- 
1.3 CUSTOMER OPTIONS CONTROL REG COUNTERILATCH 
The R6500/43 microcomputer is available with the following 7 
customer specified mask options. нонат Y eG [ E A p 
e Option 1 with or without a 256 byte ROM a Rw 
® Option 2 Reset Vector at FFFC or OFFC L5 aoan, А15 
e Option 3 Port A with or without internal pull-up resistors 
e Option 4 Port C with or without internal pull-up resistors Kosor 
All options should be specified on an R6500/43 order form. L Г зүнс 
*MULTIFUNCTION PINS 
The R6541Q has no customer specified mask options. It has 
the following characteristics. Figure 2-1. interface Diagram 
Е зву мн) 21 
— = 
кї 1 Г = "= == 
сіз m AB 
aa s E Ao А x 
s scc Y 
SM =a Н я == nes 228 =a | 
18 55 |--= PB6 (s в мм __- 
CLKIN g 11 s4 = PBS | = 
Е (89) е-і " $2 E PBa = zn 
UD Rc EE ша Se — 
HBI "d 17 m——— % zu DBY (41.35 MM) 
16 47 BC = EC e 
m: == Бе ёз 
== Е--- те 
Е Bo SE , 
== ET ва | 
с — Е я 
=ч E= $ | = 
! === SE 850 г 4 028 ME 
087 мм —_ >| Қ” ч отур 


Figure 2-2. R6541Q & R6500/43 Pin Out Designation (64 PIN QUIP) 


925 
(- - (23. ps = ММ) 


bn 74194 M SMM) | 


(5. om "ui 


me 
64 PIN QUIP 


Figure 2-3. R6541Q & R6500/43 Dimensional Outline 
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R6541Q and R6500/43 Intelligent Peripheral Controllers 


SECTION 2 
R6500/41 INTERFACE REQUIREMENTS 


This section describes the interface requirements for the In- 
telligent Peripheral Controller. Figure 2-1 is the Interface Dia- 


devices. Figure 2-3 shows the mechanical dimensions of the 
devices. Section 5 describes the Host computer interface 


gram for the devices. Figure 2-2 shows the pin out configu- 
ration and Table 2-1 describes the function of each pin of the 


protocol and timing requirements. 


Table 2-1. Pin Description 
PIN NO. PIN NO. | 
SIGNAL МАМЕ | R6541Q & R6500/43 DESCRIPTION SIGNAL МАМЕ | R6541Q & R6500/43 DESCRIPTION 
CLKIN 11 Symmetrical square wave PBO-PB7 49-56 8 bit VO port used for either 
100 KHz to 2 MHZ, TTL com- input or output. Each line 
patible input. Consists of an active transis- 
ф 24 Output timing signai—This is tor to Vss and ап active puli- 
i ; up to Усс. This port becomes 
an internally synchronized ; 
; a tri-state data bus, 00-07, 
1 x clock output suitable for ; ; А 
. in the Abbreviated or Multi- 
external memory ог peri- 
Нега! interfacin plexed Виз Mode. 00-07 are 
p 9. multiplexed with address lines 
RES 57 The reset input is used to ini- A4-A11. in the Multiplexed 
tialize the device. Section 7 Bus Mode 
describes the process and А | 
conditions of the RES pro- РСО-РС6 31-25 7 bit VO port used for either 
input or output. Each line 
седиге. ; ; ; 
consists of an active transis- 
УСС 64 Power supply input (--5V) tor to Vss апа an optional 
А passive pull-up to М... The 
| е 
vss 32 on and power ground pins PCO to PC5 are mul- 
__ ` tiplexed with address and 
cs 12 Chip select pin for host in- control signals for use in 
terface. abbreviated and multiplex 
RS (А0) 15 Register select input pin used modes РО 15 multiplexed 
by the Host processor to in- » tabi in thee program des 
dicate that information being PCO-DCS h ese М то il- 
written into the IPC is а data И ave active pu 
or command byte or to indi- ups. 
cate that information being А0-А11, А15 7-1 Thirteen address lines used 
read from the IPC is a status 63-58 to address a complete 8K 
or data byte. external address space. 
Е (80) 13 Host timing control signal for DBO-DB7 41-48 Eight bidirectional data bus 
data register write and read. lines used to transmit data to 
RAW (WR) 14 Host timing control signal for and from external memory. 
data register write and read. SYNC 9 SYNC is a positive going sig- 
HBO-HB7 16-23 Data bus between Host and па! for the full clock cycle 
. whenever the CPU is per- 
IPC data input and output formi OP CODE fetch 
registers. orming an fetch. 
NMI 8 A negative going edge on the R/W 10 Controls the direction of data 
Non-Maskable Interrupt sig- ransfer between the CPU 
nal requests that a non- and the external 65K ad- 
maskable interrupt be gen- dress space. The signal is 
erated with the CPU. high when reading and low 
when writing. 
РАО-РА7 33-40 8 bit ИО port used for either 
input or output. Each line 
consists of an active transis- 
tor to Ма and an optional 


passive pull-up to Усе. The 
two lower bits PAO and PA1 
also serve as edge detect in- 
puts. РА2 is time shared with 
the 16 bit Counter input or 
output pin, CNTR, and is 
mode selected. 
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SECTION 3 


Intelligent Peripheral Controllers 


SYSTEM ARCHITECTURE 


This section provides a functional description of the IPC de- 
vice. Functionally, the device consists of a CPU, RAM and 
optional ROM memories, three parallel I/O ports (actually 23 
VO lines), counter/latch circuit, a mode control register, and 
an interrupt flag/enable dual register circuit. A block diagram 
of the system is shown in Figure 3-1. 


NOTE 


Throughout this document, unless specified otherwise, 
all memory or register address locations are specified 
in hexadecimal notation. 


3.4 CPU LOGIC 


The internal CPU of the device is an enhanced R6502 con- 
figuration with an 8-bit Accumulator register, two 8-bit Index 
Registers (X and Y); an 8-bit Stack Pointer register, an ALU, 
a 16-bit Program Counter, and standard instruction register/ 
decode and internal timing control logic. 


3.1.1 Accumulator 


The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 


3.1.2 Index Registers 


There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as а base to modify the address data pro- 
gram counter and thus obtain a new address—the sum of 
the program counter contents and the index register contents. 


When executing an instruction which specifies indirect ad- 
dressing, the CPU fetches the op code and the address, and 
modifies the address from memory by adding the index reg- 
ister to it prior to loading or storing the value of memory. 


Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 


3.1.3 Stack Pointer 


The Stack Pointer is an 8-bit register. It is automatically in- 
cremented and decremented under control of the micropro- 
cessor to perform stack manipulation in response to either 
user instructions, or an internal IRQ interrupt. The Stack 
Pointer must be initialized by the user program. 


The stack allows simple implementation of multiple level in- 
terrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 
location is stored (or "pushed") onto the stack. Each time 
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data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1. The Stack Pointer is then placed on the Address Bus, and 
data are read from the memory location addressed by the 
Pointer. 


The stack is located on zero page, i.e., memory locations 
007F-0040. Norma! usage calls for the initialization of the 
Stack Pointer at 007F. 


3.1.4 Arithmetic and Logic Unit (ALU) 


All arithmetic and logic operations take place in the ALU, in- 
cluding incrementing and decrementing internal! registers 
(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 


Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 


3.1.5 Program Counter 


The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 


3.1.6 Instruction Register and Instruction Decode 


instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register then decoded along with timing and in- 
terrupt signals to generate control signals for the various 
registers. 


3.1.7 Timing Control 


The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is initialized each time 
an instruction fetch is executed and is advanced at the be- 
ginning of each low level of the Clock In pulse for as many 
cycles as are required to complete the instruction. Each data 
transfer which takes place between the registers is caused 
by decoding the contents of both the instruction register and 
timing control unit. 
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3.1.8 Interrupt Logic 


interrupt logic controls the sequencing of three interrupts: 
RES, NMI, and IRQ. IRQ is generated by any one of four 
conditions: Counter Overflow, Positive Edge Detect, Nega- 
tive Edge Detect, and Input Data Register Full. 


3.2 NEW INSTRUCTIONS 


In addition to the standard 6502 instruction set, four instruc- 
tions have been added to the devices to simplify operations 
that previously required а read/modify/write operation. In or- 
der for these instructions to be equally applicable to any /О 
ports, with or without mixed input and output functions, the 
УО ports have been designed to read the contents of the 
specified port data register during the Read cycle of the read/ 
modify/write operation, rather than 1/О pins as in normal read 
cycles. The added instructions and their format are explained 
in the following subparagraphs. Refer to Appendix A for the 
Op Code mnemonic addressing matrix for these added 
instructions. 


3.2.1 Set Memory Bit (SMB m, Addr.) 


This instruction sets to "1" one of the 8-bit data field specified 
by the zero page address (memory or I/O port). The first byte 
of the instruction specifies the SMB operation and 1 of 8 bits 
to be set. The second byte of the instruction designates ad- 
dress (00-FF) of the byte or ИО port to be operated upon. 


3.2.2 Reset Memory Bit (RMB m, Addr.) 


This instruction is the same operation and format as SMB 
instruction except a reset to "0" of the bit results. 


3.2.3 Branch on Bit Set Relative (BBS m, Addr, 
DEST) 


This instruction tests one of 8 bits designated by a three bit 
immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
МО ports). The third byte of the instruction is used to specify 
the 8 bit relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
sequential instruction is executed. 


3.2.4 Branch On Bit Reset Relative (BBR m, 
Addr, DEST) 


This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested 
is a0". 


3.3 READ-ONLY-MEMORY (ROM) 


The optional ROM consists of 256 bytes mask programmable 
memory with an address space from OFOO to OFFF. ROM 
locations FFFA through FFFF are assigned for interrupt vec- 
tors. The Reset vector can be optionally at OFFC or FFFC. 


The R6541Q has no ROM and its reset vector is at FFFC. 
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3.4 RANDOM ACCESS MEMORY (RAM) 


The RAM consists of 64 bytes of read/write memory with an 
assigned page zero address of 0040 through 007F. 


3.5 SYSTEM CLOCK 


The device functions with an external clock. It is fully asyn- 
chronous in reference to the Host computer timing. The de- 
vice clock frequency equals the external clock frequency. It 
is also made available for any external device synchroniza- 
tion at pin 02. 


3.6 MODE CONTROL REGISTER (MCR) 


The Mode Control Register contains control bits for the mul- 
tifunction 1/O ports and mode select bits for the Counter, the 
6500 or 8080 Bus Select, and the Interrupt (INT). Its setting 
determines the basic configuration of the device in any ap- 
plication. Initializing this register is one of the first actions of 
any software program. The Mode Control Register bit as- 
signment is shown in Figure 3-2. 


The use of Counter A Mode Select is shown in Section 6. 


The use of the 6500/8080 Host Bus Select is shown in Sec- 
tion 6. 


The use of Interrupt Select is shown in Section 4.5. 


The use of Bus Mode Select is shown in Sections 4.4 and 
4.5. 


ADDR 0014 


COUNTER 
SELECT MODE 
BUS МОРЕ 
SELECT 
NOT USED 0 0 INTERVAL TIMER 
BUS SELECT 0 1 PULSE GENERATOR 
0 - 6500/6800 BUS 1 0 EVENT COUNTER 
1. Z80/8080 BUS 1 1 PULSE WIOTH 
MEASUREMENT 
INT SELECT 
0 .PC6 
1 INT 
r1 
0 0 PORTBALLINPUTS 
0 1 PORTB ALL OUTPUTS 
1 0 ABBREVIATED BUS MODE 
1 1 MULTIPLEXED BUS MODE 


Figure 3-2. Mode Control Register Bit Allocations 
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0 |ADDR 0012 


0 |АООВ 0011 


PAO POSITIVE 
EDGE DETECT 
INTERRUPT ENABLE 


PA1 NEGATIVE 
EDGE DETECT 
INTERRUPT ENABLE 


INTERNAL INTERRUPT 
REQUEST. IRQ ENABLE 


EXTERNAL INTERRUPTS REQUEST 1, 
INT-1 ENABLE 

EXTERNAL INTERRUPT REQUEST 2, 
INT-2 ENABLE 

COUNTER UNDERFLOW 

INTERRUPT ENABLE 


Figure 3-3. Interrupt Enable and Flat Registers 


Table 3-1. Interrupt Enable Signals 


Control Signal Description 


IER 0 


IER 1 


IER 2 


IER 3 


IER 4 


IER 5 


Positive Edge Detect, Interrupt Enable— 
when this bit is true, a positive going sig- 
nal on PAO will generate an IRQ and set 
the corresponding flag bit. 


Negative Edge Detect Interrupt Enable — 
when this bit is set to a "1" a negative 
going signal on PA1 will generate an IRQ 
and set the corresponding flag bit. 


Input Data Register Full interrupt Ena- 
ble— setting this bit to a "1" allows an 
IRQ to be generated each time the Host 
fills the IDR setting the IDFR bit. 


Output Data Register Full Interrupt Ena- 
ble —when this bit is an interrupt request 
to the Host is generated each time the 
ODRF flag is set to a "1". (See External 
Interrupts, Paragraph 3.7.1). Reading the 
ODR clears INT-1 and ODRF flags. 


Input Data Register Empty Interrupt En- 
able—when this is set to a "1" an inter- 
rupt is generated to the Host each time 
the IDR is read by the CPU. The interrupt 
occurs when the IDRF flag is cleared. 
INT-2 is cleared when the Host reads the 
status flag register. (See External Inter- 
rupts, Paragraph 3.7.1). 


Counter Interrupt Enable—if enabled, an 
IRQ is generated whenever the Counter 
overflows. 
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3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (IER) 


An IRQ interrupt request can be initiated by any or all of four 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
simultaneous interrupts will cause the IRQ interrupt request 
to remain active until all interrupting conditions have been 
Serviced and cleared. 


The Interrupt Flag Register contains the information that in- 
dicates which ИО or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 
0010. The RMB X, (0010) instruction reads FF, modifies bit 
X to a "0", and writes the modified value at address location 
0011. In this way IFR bits set to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. IFR bits 6 and 7 are indeterminate on a 
Read. 


Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the re- 
spective bit position at location 0012. Individual IER bits may 
be cleared by writing a "0" in the respective bit position, or 
by RES. If set to a "1", ап IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-3 and the functions of each bit are explained in 
Table 3-1. 


3.7.1 External Interrupts (INT) 


An external interrupt INT to the Host computer may be se- 
lected in two modes. (See Section 5 for information on the 
Host/Device interface). 


OUTPUT DATA REGISTER (ODR) FULL. 


When IER 3 of the Interrupt Enable Register is set to a "1", 
the device will assert the INT (PC6) line each time it loads 
the ODR. The ODRF flag of the Status Flag Register and the 
IFR 3 of the IFR will be set to a "1" indicating the ООН is full. 
The ODRF and IFR 3 flags are cleared and INT is negated 
when the Host processor reads the ODR. 


INPUT DATA REGISTER (IDR) EMPTY 


When IER 4 of the Interrupt Enable Register is set to a "1", 
the device will assert the INT (PC6) line each time it reads 
the IDR. The IDRF flag of the Host Status Flag Register will 
be cleared and the IFR 4 flag of the IFR will be set to a "1" 
indicating the IDR has just been read by the device. The IFR 
4 flag is cleared and INT is negated when the Host processor 
reads the Host Status Flag Register. RES clears the IDR and 
sets the IFR4 flag to indicate the register s empty. 
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3.8 PROCESSOR STATUS REGISTER 


The 8-bit Processor Status Register, shown in Figure 3-4, 
contains seven status flags. Some of these flags are con- 
trolled by the user program; others may be controlled both 
by the user's program and the CPU. The R6502 instruction 
set contains a number of conditional branch instructions 
which аге designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. 


3.8.1 Carry Bit (C) 


The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic 0 if no carry oc- 
curred as the result of arithmetic operations. 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 


3.8.2 Zero Bit (Z) 


The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 
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zero. This bit is cleared to logic 0 when the resultant 8 bits 
of a data movement or calculation operation are not ail zero. 
The R6502 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, af- 
fected by the following instructions; ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 
ЗВС, TAX, TAY, TXA, TSX, and TYA. 


3.8.3 Interrupt Disable Bit (І) 


The Interrupt Disable Bit (I) is used to control the servicing 
of an interrupt request (IRQ). If the | Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1, the 
IRQ signal will be ignored. The CPU will set the Interrupt 
Disable Bit to logic 1 if a RESET (RES) or Non-Maskable 
Interrupt (NMI) signal is detected. 


The | bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit may also be set by the BRK Instruction. The Return 
from Interrupt (RTI) and Pull Processor Status (PLP) instruc- 
tions will also affect the I bit. 


CARRY (C) (1) 


1 - Carry Set 
0 - Carry Clear 


Zero (2) (1) 

1 = Zero Result 

0 = Non-Zero Result 
INTERRUPT DISABLE (I) (2) 
1 = IRQ Interrupt Disabled 
0 = IRQ Interrupt Enabled 
DECIMAL MODE (D) (1) 

1 = Decimal Mode 

0 = Binary Mode 

BREAK COMMAND (B) (1) 


1 
0 


Break Command 
Non-Break Command 


ІНІ 


OVERFLOW (0) (1) 


1 = Overflow Set 
0 = Overflow Clear 


NOTES 
(1) Not initialized by RES 
(2) Set to Logic 1 by RES 


NEGATIVE (N) (1) 


1 = Negative Value 
0 = Positive Value 


Figure 3-4. Processor Status Register 
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3.8.4 Decimal Mode Bit (D) 


The Decimal Mode Bit (D), is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1, the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the programmer. The Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction will clear it. The PLP and RTI instruc- 
tions aiso effect the Decimal Mode Bit. 


CAUTION 


The Decimai Mode Bit will either set or clear in an un- 
predictable manner upon power application to the de- 
vice. This bit must be initialized to the desired state by 
the user program or erroneous results may occur. 


3.8.5 Break Bit (B) 


The Break Bit (B) is used to determine the condition which 
caused the IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU executed a BRK 
command, the Break Bit will be set to logic 1. If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no in- 
structions which can set or clear this bit. 


3.8.6 Overflow Bit (V) 


The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (—128 « n x 127). 
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This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or —128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction 


The Overflow Bit may aiso be used with the BIT instruction. 
The BIT instruction which тау be used “0 sample interface 
devices, allows the overflow Над to reflect the condition of bit 
6 in the sampled field. During a BIT instruction the Overflow 
Bit is set equal to the content of the bit 6 on the data tested 
with BIT instrction. When used in this mode, the overflow has 
nothing to do with signed arithmetic, but is just another sense 
bit for the microprocessor, instructions which affect the V flag 
are ADC, ВІТ, CLV, PLP, АТ! and SBC. 


3.8.7 Negative Bit (N) 


The Negative Bit (N) is used to indicate that the sign bit (bit 
7), in the resulting value of a data movement or data arith- 
metic operation, is set to logic 1. If the sign bit is set to logic 
1, the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the resuit of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The in- 
Structions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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SECTION 4 
PARALLEL INPUT/OUTPUT PORTS 


INPUT/OUTPUT PORTS 


The IPC device provides three ports (PA, PB, and PC). The 
15 lines of PA and PC are completely bidirectional, that is, 
there is no line grouping or port association restrictions. 
The eight lines of Port B may be programmed as all inputs 
or all outputs. Port PC, however, may be multiplexed under 
program control with seven other signals. Six of these signals 
form an address and control bus for extended addressing. 
The seventh signal is multiplexed with an external interrupt 
output, INT. All eight Port В lines are tri-state to permit their 
use as a data bus during extended addressing modes. 


Internal pull-up resistors (FET's with an impedance range of 
3K < Rpu < 12K ohm) may be provided on ports PA and/or 
PC. The R6541Q does not have these resistors. 


The direction of the I/O lines are controlled by 8-bit port reg- 
isters located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page ad- 
dress instructions. There are no direction registers associ- 
ated with the I/O ports, which simplifies ИО handling. The 
VO addresses are shown in Table 4-1. If a part is being 
used to emulate a R6500/42 the ports must be provided in 
external circuitry and addressed through locations 0004- 
0006. 


Table 4-1. ШО Port Addresses 


PORT ADDRESS 
А 0000 
B 0001 
с 0002 
Е 0004 
Е R6500/42 only 0005 
G 0006 
4.1 INPUTS 


Inputs for Ports A and C, and also Ports F and G if emulating 
the R6500/42, are enabled by loading logic 1 into all I/O port 
register bit positions that are to correspond to I/O input lines. 
А low (<0.8V) input signal will cause a logic 0 to be read 
when a read instruction is issued to the рой register. А high 


(>2.0V) input will cause a logic 1 to be read. An RES signal 
forces all I/O port registers to logic 1 thus initially treating а! 
VO lines as inputs. 


Port B may be all inputs or all outputs. All inputs is selected 
by setting bits MCR6 and MCR7 of the Mode Control Reg- 
ister to a "0". 


The status of the input lines can be interrogated at any time 
by reading the /О port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the ГО port registers. 


Read/Modify/Write instructions can be used to modify the oper- 
ation of PA, PB, PC, and also PF, & PG of an emulated 
R6500/42. During the Read cycle of a Read/Modify/Write 
instruction the Port ЏО register is read. For all other read instruc- 
tions the port input lines are read. Read/Modify/Write instruc- 
tions are: ASL, BBS, BBR, DEC, INC, LSR, RMB, ROL, ROR, 
and SMB. 


4.2 OUTPUTS 


Outputs for Ports A thru C, and emulated Ports E thru G of 
the R6500/42, are controlled by writing the desired I/O line 
output states into the corresponding ЏО port register bit po- 
Sitions. А logic 1 will force a high (>2.4М) output while a logic 
0 will force a low (<0.4V) output. Port B also requires that 
MCR6 be set to a "1" and MCR7 be set to a "0". 


4.3 PORT A (PA) 


Port A can be programmed via the Mode Control Register 
(MCR) as a standard parallel 8-bit, bit independent, /О port, 
ог a counter ИО line. Table 4-2 tabulates the control and 
usage of Port A. 


In addition to their normal ГО functions, PAO can detect pos- 
itive going edges, and PA1 can detect negative going edges. 
An edge transition on these pins will set a corresponding 
status bit in the IFR and generate an interrupt request if the 
respective Interrupt Enable Bit is set. The maximum rate at 
which an edge can be detected is one-half the 2 clock rate. 
Edge detection timing is shown in Section E.5. 


Table 4-2. Port A Control & Usage 


MCRO = 0 
MCR1 = 


PAO-PA1 /О PA2 /О PA2 COUNTER PA3-PA7 ИО 


a ee | 

МСАТ = 0 MCRi = 1 

| таме | тек | наме [wee | wame | тє [наме | We [wwe | ту | 
CNTR PA3-PA7 


PAO (1) yo PA2 vo CNTR OUTPUT 
PA1(2) yo 


(1) POSITIVE EDGE DETECT (2) NEGATIVE EDGE DETECT 


(3) HARDWARE BUFFER FLOAT 
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4.4 PORT B (PB) 


Port В can be programmed as an I/O Рой, an 8-bit tri-state 
data bus, or as a multiplexed bus. Mode selection for Port 
B is made by the Mode Control Register (MCR). The Port B 
output drivers can be selected as tri-state output drivers by 
setting bit 7 of the MCR to 0 (zero) and bit 6 of the MCR to 
1. An all inputs condition is created by setting both MCR6 
and MCR7 to 0 (zero). Table 4-3 shows the necessary set- 
tings for the MCR to achieve the various modes for Port B. 
When Port B is selected to operate in the Abbreviated Mode 
PBO-PB7 serves as data register bits 00-07. When Port B 
is selected to operate in the Multiplexed Mode data bits DO 
through D7 are time multiplexed with address bits A4 through 
A11, respectively. Refer to the Memory Maps (Appendix B) 
for Abbreviated and Multiplexed memory assignments. See 
Appendix E.3 through E.5 for Port B timing. 


4.5 PORT C (PC) 


Port C can be programmed as an I/O port and in conjunction 
with Port B, as an abbreviated bus, or as a multiplexed bus. 
When used in the abbreviated or multiplexed bus modes, 
PCO-PC5 function as А0-АЗ, ВАМ, and EMS, respectively, 
as shown in Table 4-4. EMS (External Memory Select) is 
asserted (low) whenever the internal processor accesses 
memory area between 0080 and OFFF. (See Memory Мар, 
Appendix C). The leading edge of EMS may be used to 
strobe the eight address lines multiplexed on Port B in the 
Multiplexed Bus Mode. See Appendix E.3 through E.5 for 


Port C timing. 


Table 4-3. Port B Control & Usage 


| ABBREVIATED 
10 MODES | MODE MULTIPLEXED MODE 
865410 8 МСР7 = 0 MCR7 = 0 МСА? = 1 MGR? = 1 
R6500/43 MCR6 = 0 MCR6 = 1 MCR6 = 0 MCR6 - 1 
SIGNAL SIGNAL | SIGNAL PHASE1 _ | РНАЗЕ 2 
ТҮРЕ ТҮРЕ ТҮРЕ SIGNAL | SIGNAL 
РМ # | NAME (1) NAME (2) NAME | (з) | NAME | TYPE (2) | NAME | ТҮРЕ (3) 

—t 
49 PBO INPUT PBO | OUTPUT 50 Uo да | OUTPUT | 00 ШО 
50 РВ1 INPUT РВ1 | OUTPUT | Di UO AS OUTPUT | пл vo 
51 РВ2 INPUT РВ2 | OUTPUT | 02 yO AG OUTPUT | 02 Vo 
52 PB3 INPUT РВЗ | OUTPUT | D3 yo А? OUTPUT | D3 vo 
53 PB4 INPUT PB4 | OUTPUT | D4 uo ^8 OUTPUT | D4 (9) 
54 PBS INPUT РВБ | OUTPUT | 05 vO A9. | OUTPUT | 05 Vo 
55 PB6 INPUT PB6 | OUTPUT | 06 (9) A10 | OUTPUT | 06 vo 
56 PB7 INPUT PB7 | OUTPUT | 07 vo AM | OUTPUT | 07 | vo 

(1) TRI-STATE BUFFER IS IN HIGH IMPEDANCE MODE (2) TRI-STATE BUFFER IS IN ACTIVE MODE 
(3) TR-STATE BUFFER 15 IN ACTIVE MODE ONLY DURING THE PHASE 2 PORTION OF A WRITE CYCLE 
Table 4-4. Port C Control & Usage 
ABBREVIATED MULTIPLEXED 
/0 MODE MODE MODE 
R65410 & MCR7 = 0 МС? = 1 МСА? = 1 
R6500/43 MCR6 = X MCR6 = 0 MCR6 = 1 
SIGNAL SIGNAL SIGNAL 
та ТҮРЕ "| TYPE T TYPE 
PIN # NAME (1) NAME (2) NAME (2) 
T 

31 РСО vO A0 OUTPUT m OUTPUT 
30 PC UO M OUTPUT A1 OUTPUT 
29 PC? vO A2 OUTPUT A2 OUTPUT 
28 РСЗ VO АЗ OUTPUT АЗ OUTPUT 
27 PC4 vo EMS OUTPUT EMS OUTPUT 
26 PCS vo ВАМ OUTPUT RW OUTPUT 
25 | Poe Ше) | INT* OUTPUT INT* OUTPUT 


(1) RESISTIVE PULL-UP, ACTIVE BUFFER PULL-DOWN 
(2) ACTIVE BUFFER PULL-UP АМО PULL-DOWN 
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*PC6 if MCR5 = 0; INT if MCR5 = 1 
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4.7 BUS MODES 


A special attribute of Port B and Port C is their capability to 
be configured via the Mode Control Register (see Section 
3.6) into four different modes. 


іп the Pert В All Inputs and Port В All Outputs modes the 
separate address and data bus are used. The difference lies 
in the direction of Port B—all inputs or all outputs. The re- 
ceiving ports perform the normal /О function. A15 is usually 
used as a chip select for external memory. 


In the Abbreviated Bus Mode, the address and data lines can 
be used as above to emulate the R6500/41. Port B and Port 
C are automatically transformed into an abbreviated address 
bus and control signals (Port C) and a bidirectional data bus 
(Port B). 16 Peripheral addresses can be selected. In general 
usage, these 16 addresses would be distributed to several 
external I/O devices such as R6522 and R6520, etc., each 
of which may contain more than one unique address. 
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In the Multiplexed Bus Моде, the operation is similar to the 
Abbreviated Mode except that a full 4K of external addresses 
are provided. Port C provides the lower addresses and con- 
trol signals. Port B multiplexes functions. During the first half 
of the cycle it contains the remaining necessary 8 address 
bits for 4K; during the second half of the cycle it contains a 
bidirectional data bus. The address bits appearing on Port 
B must be latched into an external holding register. The lead- 
ing edge of EMS, which indicates that the bus function is 
active, may be used for this purpose. 


Figures 4-1a thru 4-1d show the possible configurations of 
the four bus modes. Appendix C1 shows a memory map of 
the port as a function of the Bus Mode and further shows 
which addresses are active or inactive on each of the three 
possible buses. 
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PORT B 
ALL OUTPUTS ABBREVIATED 
BUS MODE BUS MODE 
CLK 
CLK IN IN PORTA 


RES 


нво- нво- 
HB7 HB7 
081-087 
8 BITS 
Figure 4-1а. 
PORT B 
ALL INPUTS 
BUS MODE 
CLK IN 
CEKIN PORT A ұзай 
RES RES 
А0 (RS) PORT B AD (RS) 
RAW (RD) R/W (RD) 
E (WR) 
cs 
Усс 
Vss 
HBO- HBO- 
HB7 


Figure 4-1b. 


# OPTIONAL РСб 
## NOT AVAILABLE WITH BOOTSTRAP ROM OPTION 


“EMS VALID (9 0100 THRU OFFF 
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А0 (RS) —№» 


16 
PERIPHERAL 
ADDRESSES 
## 


12 BITS 
4K 


EXTERNAL 
MEMORY 
@ FXXX 


DB1-DB7 


Figure 4-1c. 


MULTIPLEXED 


BUS MODE 
8 BITS > 


"DATAS А11 (PORT В). 


: | LATCH | A4-A11 
EMS" (PORT C) 
----» 


(РОВТ oO, 


PORT А 


UP TO 4K 
EXTERNAL 
MEMORY 
ANO/OR 
PERIPHERALS 


aes ГЕЙ 


А0-АЗ (PORT С) 


12 BITS 


4k 
EXTERNAL 
MEMORY 

@ FXXX 


DB1-DB7 


Figure 4-1d. 
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SECTION 5 


HOST INTERFACE BUS 


Two way data transfers are performed between the IPC and 
the Host microprocessor by means of the Output Data Reg- 
ister and the Input Data Register. The Host can also write a 
command to the IDR and read from the Host Status Flag 
Register. Figure 5-1 shows the Host addressing matrix. A 
hardware interrupt procedure and a software polling proce- 
dure is available to control data traffic between the CPU and 
Host. 


Figure 5-1. Host Addressing Matrix 


5.1 DATA REGISTERS 


The device has an 8-bit Input Data Register (IDR) and an 
8-bit Output Data Register (ODR). The IDR serves as a tem- 
porary storage for commands and data from the Host to the 
device. When transferring data from the Host to the device, 
the following conditions are in effect: 


e CS is asserted 
• RS (AO) indicates command input or data input. 
e The contents of the host data bus (HBO-HB7) are copied 


into the IDR when the appropriate Host bus write signals 
are asserted. 


The ODR serves as a temporary storage for data from the 
device to the Host. When the Host is reading data from the 
device, the following conditions are in effect: 


e CS is asserted 

е RS (AO) input selects ООН or HSFR 

e The contents of ODR or the Flag Register are placed on 
the host data bus (HBO-HB7) when the appropriate Host 
read signals are asserted. 


5.2 HOST STATUS FLAG REGISTER 


A Host Status Flag Register facilitates a software protocol 
that permits independent and uninterrupted flow of data 
asynchronously between the host computer and the device. 


The Host Status Flag Register contains 8 flag bits that can 
be read at anytime by either the Host or the device. See Fig- 
ure 5-2. General purpose flags F2 through F6 are serviced 
by the device in either read or write modes and monitored 
by the Host (Read Only). 


Flag F1 can be read at anytime by either the host or the de- 
vice. The F1 flag copies the AO (RS) input signal during any 
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host write data exchange. The device can write to the F1 flag 
at any time. 


The ODRF (Output Data Register Full) flag is set each time 
the device writes to the Output Data Register. The setting of 
the ODRF sets the device Interrupt Status Register ЕВЗ flag. 
An Output Interrupt (INT) may be generated under program 
control by setting IERS in the interrupt enable register. The 
ODRF flag is reset only by a hardware reset or by the host 
performing a read on the output data register. The ODRF flag 
is reset following the conclusion of any host output data reg- 
ister read. The resetting of the ODRF causes the reset of the 
IFR3 flag and thus the reset of the external interrupt (INT). 


The IDRF (Input Data Register Full) flag is set following the 
conclusion of any host write data exchange. The setting of 
the IDRF causes IFR2 of the device status register to be set. 
An internal interrupt may be generated under program con- 
trol by setting IER2 in the Interrupt Enable Register. The set- 
ting of IDRF also causes IFR4 to be reset. The IDRF resets 
during device read of the input data register. IFR2 sets and 
IFR4 resets following the reset of IDRF. IFR4 may generate 
an external output interrupt (INT, input buffer empty), under 
program control by setting IER4 in the interrupt enable 
register. 


The Host Status Flag Register is cleared by the RES input. 


HOST STATUS FLAG REGISTER 


HSFR ADDR 001Е 


INPUT DATA 
REGISTER 
FULL FLAG 


OUTPUT DATA 
REGISTER 
FULL FLAG 
COPIES RS ON 


GENERAL PURPOSE WRITE FROM HOST 


FLAGS STATUS REGISTER 


Figure 5-2. Host Status Flag Register Bit Allocation 
5.3 HOST COMPUTER INTERFACE 


The device will work with a variety of Host Computers. The 
HOST interface consists of a chip select, one address line, 
2 control lines and an 8 bit three state data bus. Internal logic 
of the device, controlled by МСРА, configures, the address 
and two control lines to either a 6500 or 8080 operational 
methodology. The interface is completely asynchronous and 
will work with a Host Computer up to a 5 MHz bus transfer 
rate. The device clock input frequency need not be the same 
as the Host's. A mode control register is set to match the 
interface to that of the Host device as follows: 
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MCR4 = 0 When МСРА is set to a logic zero, the IPC is 


configured to operate on a 6502/6800 type host 
bus. In this mode, the E input is connected to 
the host transfer strobe (УМА or Д2 for 6800, 
02 for 6500) and the R/W input is connected to 
the host microprocessor R/W output line. Fig- 
ure 5-3 and Table 5-1, together, specify the rel- 
evant timing for read and write cycles on this 


Intelligent Peripheral Controllers 


MCR4 = 1 


When МСРА is set to a logic one, the IPC is 
configured for operation on an 8080/Z80 type 
bus. In this mode, the RD input is used as a 
read strobe and the WR input is connected to 
the write strobe of the host microprocessor bus. 
Figure 5-4 and Table 5-2 show the relevant tim- 
ing characteristics for this mode of operation. 


type of host bus. 


Table 5-1. Host Interface 
Timing Characteristics BSEL - 0 (6500) 


Table 5-2. Host Interface 
Timing Characteristics BSEL = 1 (8080) 


CHARACTERISTICS CHARACTERISTICS 
1 AND 2 MHz | SYMBOL MIN MAX i 1 AND 2 MH SYMBOL MIN MAX 
CS, R/W, RS Setup Time -+ tes 10 — CS, AO Setup Time tes 10 Г — 
Access Time ҚА — 90* E Access Time on Read toa T — 90* 
|_Data Hold Time 1 tonr 10 — Data Hold Time {оня 10 | — 
Control Hold Time tuc 10 — Control Hold Time luc | 10 — 
Write Data Setup Time twos 75 — Write Data Setup Time twos 4 75 - 
Write Data Hold Time tonw 10 — Write Data Hold Time tonw 10 — | 
| Write Stroke Width L twa 75 — Write Strobe Width twa | 75 — 
"NOTE: "NOTE: 
90 ns when loading = 130 pf + 1 TTL LOAD and 90 ns when loading = 130 pf + 1 TTL LOAD and 
75 ns when loading = 90 pf + 1 TTL LOAD. 75 ns when loading = 90 pf + 1 TTL LOAD. 
READ WRITE 
20768 -wj и TCS = м- 
а — | И и 
| —е beg THE uu THC 
| TCS = | 
P 777, ES А 
ИИИИЙ TT: 
-THC | 


| ha- THC 


7 


MELE EEL 


=! at THC 


WT TT 7N А 
ОИНА K 
TWR - 


TCS ыч | 


RN 


D a 
| | ЪТ» be THE 


TCS - 


— THC 


Ti ИИ — 


HBO-HB7 


АТ 
- А. 


"ee 
7% -- 
=н] ma- ТОНУ 


Figure 5-4. Timing Diagram— Host Interface (MCR4 = 1) (8080 Version) 
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SECTION 6 
COUNTER/TIMERS 


The device contains a 16-bit counter and а 16-bit latch as- 
sociated with it. The counter can be independently pro- 
grammed to operate in one of four modes: 


Counter 


Pulse width measurement 
Pulse Generation 

Interval Timer 

Event Counter 


Operating modes of the Counter are controlled by the Mode 
Control Register. All counting begins at the initialization value 
and decrements. When modes are selected requiring a 
counter input/output line, PA2 is selected for Counter ИО. 


6.1 COUNTER 


The Counter consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter (LC), Upper Counter 
(UC), Lower Latch (LL), and Upper Latch (UL). The counter 
contains the count of either 02 clock pulses or external 
events, depending on the counter mode selected. The con- 
tents of the Counter may be read any time by executing a 
read at location 0018 for the Upper Counter and at location 
001A or location 0019 for the Lower Counter. A read at lo- 
cation 0019 also clears the Counter Underflow Flag (IFR5). 


The 16-bit latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch at location 0018 and the Lower Latch at location 001A. 
In either case, the contents of the accumulator are copied 
into the applicable iatch register. 


The Counter can be started at any time by writing to address 
0019. The contents of the accumulator will be copied into the 
Upper Latch before the contents of the 16-bit latch are trans- 
ferred to the Counter. The counter is set to the latch value 
whenever the Counter underflows. When the Counter dec- 
rements from 0000 the next counter value will be the iatch 
value, not FFFF, and the Counter Underflow Flag (IFR 5) will 
be set to "1". This bit may be cleared by reading the Lower 
Counter at location 0019, by writing to address location 0019, 
or by RES. 
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The Counter operates in any of four modes. These modes 
are selected by the Counter Mode Control bits in the Control 
Register. 


MCR1 
(bit 1) 


0 0 Interval Timer 

0 1 Pulse Generation 
1 0 

1 1 


MCRO 


(bit 0) Mode 


Event Counter 
Pulse Width Measurement 


The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes аге 02 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line (PA2). 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 


6.1.1 Interval Timer Mode 


In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 


1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 


2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 0019, the 
Counter is loaded with the Latch value. Note that the 
contents of the Accumulator are loaded into the Upper 
Latch before the Latch value is transferred to the 
Counter. 


The Counter value is decremented by one count at the 22 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore 13 to 65.535 
ms at the 1 MHz 2 clock rate or 0.55 to 32.767 ms at the 
2 MHz 02 clock rate. Time intervals greater than the maxi- 
mum Counter value can be easily measured by counting IRQ 
interrupt requests in the counter IRQ interrupt routine. 


When the Counter decrements from 0000, the Counter Un- 
детом (IFR5) is set to logic 1. If the Counter Interrupt Enable 
Bit (IER5) is also set, an IRQ interrupt request will be gen- 
erated. The Counter Undertlow bit in the Interrupt Над Reg- 
ister can be examined in the IRQ interrupt routine to deter- 
mine that the IRQ was generated by the Counter Underflow. 
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While the timer is operating in the Interval Timer Mode, PA2 
operates as a PA I/O. 


A timing diagram of the Interval Timer Mode is shown in Fig- 
ure 6-1. 


ga 


mE 


COUNTER UNDERFLOW 


COUNTER 3 2 [ 1 0 ] (UL, ш] (UL. LL) -1 
COUNTER INTERRUPT ENABLED [ 
“ 


SET АМҮ TIME BEFORE | 


COUNTER UNDERFLOW FLAG COUNTER UNDERFLOW | 


на 71 


Figure 6-1. interval Timer Timing Diagram 


6.1.2 Pulse Generation Mode 


In the Pulse Generation mode, the PA2 line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter Underflow occurs, or a write 
is performed to address 0019. 


The normai output waveform is a symmetrical square-wave. 
The РАг output is initialized high when entering the mode 
and transitions low when writing to 0019. 


Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 


A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one oc- 
currence of the output toggle condition. 


6.1.3 Event Counter Mode 


in this mode PA2 is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be de- 
tected is one-half the g2 clock rate. 


The Counter can count up to 65,535 occurrences before un- 
derflowing. As in the other modes, the Counter Underflow bit 
(IER5) is set to logic 1 if the underflow occurs. 


Figure 6.2 is a timing diagram of the Event Counter Mode. 
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Figure 6-2. Event Counter Mode 
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6.1.4 Pulse Width Measurement Mode 


This mode allows the accurate measurement of a low pulse 
duration on іле PA2 іпе. The Counter decrements by one 
count at the #2 clock rate as long as the РА? line is held in 
the low state. The Counter is stopped when РА2 is in the 
high state. 


The Counter underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the PA2 pin is held low. After the counter is 
stopped by a high level on PA2, the count will hold as long 
аз РА? remains high. Any further low levels on PA2 will again 
cause the counter to count down from its present value. The 
state of the PA2 line can be determined by testing the state 
of РА2. 
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POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER ON TIMING 


After application of VCC power to the device, RES must be 
held low for at least eight stable бо clock cycles after Voc 
reaches operating range. 


Figure 7-1 illustrates the power turn-on waveforms. External 
clock stabilization time is typically 20ms. 
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Figure 7-1. Power Turn-On Timing Detall 


7.2 POWER-ON RESET 


The occurrence of RES going from low to high will cause the 
device to set the Interrupt Mask Bit—bit 2 of the Processor 
Status Register—and initiate a reset vector fetch at address 
FFFC and FFFD to begin user program execution. All of the 
МО ports will be initialized to the high (logic 1) state. All bits 
of the Control Register will be cleared causing the Interval 
Timer counter mode to be selected and causing all interrupt 
enabled bits to be reset. 
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7.3 RESET (RES) CONDITIONS 


When RES is driven from low to high the device is put in a 
reset state causing the registers and |/O ports to be set as 
shown in Table 7-1. 


RES Initialization of I/O Ports and Registers 


Table 7-1. 


REGISTERS 
Processor Status 

Mode Control (MCR) 

Int. Enable (IER) 

Int. Flag (IFR) 

Host Status Flag 

Input Data 

Output Data 


PORTS 
PA Latch 
PB Latch 
PC Latch 


А! RAM and other CPU registers will initialize in а random, non- 
repeatable data pattern. 


7.4 INITIALIZATION 


Any initialization process for the device should include a RES 
as indicated in the preceding paragraphs. After stabilization 
of the external clock (if a power on situation) an initialization 
routine should be executed to perform (as a minimum) the 
following functions: 


. The Stack Pointer should be set 

. Clear or Set Decimal Mode 

. Set or Clear Carry Flag 

. Set up Mode Controls and Counter as required 
. Clear Interrupts. 


ahan— 


A typical initialization routine could be as follows: 


LDX Load stack pointer starting address into 

X Register 
TXS Transfer X Register value to Stack Pointer 
CLD Clear Decimal Mode 


SEC Set Carry Flag 

Set-up Mode Control, 

Counter, special function 
ENT registers and Clear RAM as required 
CLI Clear Interrupts 
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APPENDIX A 
EXPANDED R6502 INSTRUCTION SET 


This appendix contains a summary of the R6502 instruction 
set. For detailed information, consult the R6502 Microcom- 
puter System Programming Manual, Document 29650 N30. 


A.1 INSTRUCTION SET IN ALPHABETIC 
SEQUENCE 


The four instructions notated with a * are added instructions 
for the IPC devices which are not part of the standard 6502 
instruction set. 


MNEMONIC INSTRUCTION 

ADC Add Memory to Accumulator with Carry 
AND "AND" Memory with Accumulator 
ASL Shift Left One Bit (Memory or Accumulator) 
“ВВВ Branch оп Bit Reset Relative 
“BBS Branch on Bit Set Relative 

BCC Branch on Carry Clear 

BCS Branch on Carry Set 

BEQ Branch on Result Zero 

BIT Test Bits in Memory with Accumulator 
BMI Branch on Result Minus 

BNE Branch on Result not Zero 

BPL Branch on Result Plus 

BRK Force Break 

ВУС Branch on Overflow Clear 

Ву5 Branch on Overflow Set 

CLC Clear Carry Flag 

CLD Clear Decimal Mode 

си Clear Interrupt Disable Bit 

CLV Clear Overflow Flag 

CMP Compare Memory and Accumulator 
CPX Compare Memory and Index X 

СРУ Compare Memory and Index У 

DEC Decrement Memory by One 

DEX Decrement Index X by One 

DEY Decrement Index У by One 

EOR "Exclusive-Or’ Memory with 

Accumulator 

INC Increment Memory by One 

INX Increment Index X by One 

INY Increment Index Y by One 

JMP Jump to New Location 

JSR Jump to New Location Saving Return 


Address 


MNEMONIC INSTRUCTION 
LDA | Load Accumulator with Memory 
LDX Load Index X with Memory 
LDY Load Index Y with Memory 
LSR Shift One Bit Right (Memory or 

Accumulator) 
NOP No Operation 
ORA "OR" Memory with Accumulator 
PHA Push Accumulator on Stack 
PHP Push Processor Status on Stack 
PLA Pull Accumulator from Stack 
PLP Pull Processor Status from Stack 
*RMB Reset Memory Bit 
ROL Rotate One Bit Left (Memory or 
Accumulator) 
ROR Rotate One Bit Right (Memory or 
Accumulator) 
АТ! Return from Interrupt 
RTS Return from Subroutine 
SBC Subtract Memory from Accumulator with 
Borrow 
SEC Set Carry Flag 
SED Set Decimal Mode 
SEI Set Interrupt Disable Status 
*SMB Set Memory Bit 
STA Store Accumulator in Memory 
STX Store Index X in Memory 
STY Store Index Y in Memory 
TAX Transfer Accumulator to Index X 
TAY Transfer Accumulator to Index Y 
TSX Transfer Stack Pointer to index X 
TXA Transfer Index X to Accumulator 
TXS Transfer Index X to Stack Register 
TYA Transfer Index Y to Accumulator 
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A.3 INSTRUCTION CODE MATRIX 


150 
a 0 1 2 3 4 5 6 7 8 9 A B с D E F 
I2] 
= ВАК | ORA ORA | ASL | RMBO| PHP | ОВА | ASL ОЛА | ASL | BBRO 
0 | Imptied | (IND, X) 2Р 2Р ZP | Implied | ІММ | Accum ABS | ABS 7Р 0 
17/26 23З3|25|251123/22112 2412%13 5“ 
+ 4 + 4. 
BPL | ORA ОВА | ASL | RMB! | CLC | ORA ORA | ASL | ВВА 
1 | Relative | (IND), Y 2Р,Х | 2Р,Х | ZP | implied | ABS, Y ABS, X | ABS,X| ZP 1 
22125 2412612511203 4 3413713 5" 
+ -- 
Ј5А | АМО BIT | AND | ROL | RMB2 | PLP | AND | ROL BIT | AND | ROL | BBR2 
2 | Absolute] (IND, X) zP 2Р 2Р ZP | Implied | ІММ | Accum ABS | ABS | ABS 2Р 2 
36126 1 23 {23 |25 25| 14122 12 34 3 4 | зе уз 5" 
+ 
BMI | AND AND | ROL | RMB3 | SEC | AND AND | ROL | BBR3 
3 | Relative | (IND, Y) 7Р,Х | ZP.X | ZP | Implied | ABS, Y ABS, X | ABS,X| ZP 3 
2 2"|2 5 24261251234“ 3 437135" 
—- + - 
RTI EOR EOR | LSR | RMB4 | PHA | EOR | LSR JMP | EOR | LSR | BBR4 
4 | Implied | (IND, X) 2Р 2Р ZP | Implied | IMM | Accum ABS | ABS | ABS 2Р 4 
16/26 | 2325 | 25| 13122 |12 331 384136135“ 
ВУС | EOR EOR | LSR | RMBS | CLI EOR EOR | LSR | BBR5 
5 | Relative | (IND), Y 7Р,Х | ZP,X | ZP | implied | ABS, Y ABS, X | ABS, Хү ZP 5 
2 2712 5 24126 |25112 |34 34137 |з 5" 
|- — + + t 
RTS | ADC ADC | ROR | RMB6 | PLA | ADC | ROR JMP | ADC | ROF | BBR6 
6 | Implied | (IND, X) 2Р ZP ZP |ітріей | 1ММ | Accum Indirect} ABS | ABS zP 6 
16 26 23 {25 | 25| 14а |22 |12 з5| 3413613 5" 
+ + 
BVS | ADC ADC | ROR | RMB7 | SEI ADC ADC | ROR | BBR7 
7 | Relative | (IND, Y) ZP.X | 2Р,Х | ZP | implied | ABS, Y ABS, X | ABS, Х | ZP 7 
2 27|2 9$ | 24|26|25 12 |3 4 за | 37 |з 5" 
н 4 — 
STA STY | STA | STX | SMBO | DEY TXA STY | STA | STX | BBSO 
8 (IND, X) zp 2Р ZP ZP | Implied Implied ABS | ABS | ABS ІР 8 
2 6 123 | 2323 |25112 12 3413434 |3 5" 
+ = 
BCC | STA STY | STA | STX | SMB1 | TYA | STA | TXS STA BBS1 
9 | Relative | (IND, Y) ZP,X | ZP,X | ZP,Y | ZP | implied | ABS, Y |Implied ABS, X 7Р 9 
22" 26 24|24|24]|25|12]|35 12 3 5 32%“ 
Е T Т Т 
LDY | LDA | LDX LDY | LDA | LDX | SMB2 | TAY | LDA | TAX LDY | LDA | LDX | ввзг 
A | !IMM {(IND, X) | IMM 2Р zp 2Р ZP | Implied | IMM | Implied ABS | ABS | ABS 2Р А 
22/26 |22 23 | 23| 23| 25| 12 22 |12 3 +4| 34 34 |3 5" 
T 
BCS | LDA LDY | LDA | LDX | SMB3 | CLV | LDA | TSX | LDY | LDA | LDX | BBS3 
В | Relative] (IND), Y 2Р,Х | ZP,X | ZP,Y | ZP | Implied | ABS, У | Implied ABS, X| ABS, X | ABS, Y | ZP B 
2 mp 3-8 24124 |24 25 |12 |за |12 за |34 з 4 |3 5" 
|- + 
СРҮ | СМР СРҮ | CMP | DEC | SMB4 | iNY | СМР | DEX СРУ | СМР | DEC | BBS4 
с | IMM |(IND. X) 7Р 2Р 2Р ZP | Implied | IMM | Implied ABS | ABS | ABS z |С 
22126 2312312525112 |22 |12 341341363 5" 
ВМЕ | СМР СМР | DEC | $МВ5 | CLD | СМР СМР | DEC | 885 
D | Relative | (IND), Y 7Р,Х | ZP,X | ZP | Implied | ABS, Y ABS, X | АВЅ, Х | ZP D 
2 a] 2 5 24126125112 |з 4 384137135" 
T T t 
CPX | SBC CPX | SBC | INC | SMB6 | INX SBC | NOP CPX | SBC | INC | BBS6 
E | ММ | (IND, X) 2Р 2Р 2Р ZP | Implied | IMM | Implied ABS | ABS | ABS 7Р Е 
22/26 23'231'25125512'|'22|12 за 34 | 36 |3 5" 
+ 
BEQ | SBC SBC | INC | SMB7 | SED | SBC SBC | INC | BBS7 
F | Relative | (IND), Y 2Р,Х | ZP,X | ZP | Imptied | ABS, Y ABS, X | ABS, Х| ZP Е 
2-27 2.8% 24262512 [3 4 8 4°) 3 |3 5% 
0 1 2 3 4 5 6 7 8 9 A B с р Е F 
0 “Ааа 1 to N if page boundary is crossed, 
BRK | —OP Code “Add 1 to МИ branch occurs to same раде; 
0 | Implied | —Addressing Mode add 2 to N if branch occurs to different page. 
17 —Instruction Bytes; Machine Cycles 
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APPENDIX B 
KEY REGISTER SUMMARY 


CPU Registers Processor Status Register 
; e 7 6 8 4 3 2 то 
ACCUMULATOR A N | v | B | D | 1 | 2 | с 

7 ü 

— M C ow (а on 

7 0 1 = Carry Set 

Cx] ibEx REGisTER х x 0 - Сату Clear 
15 7 0 Zero (2) (1) 
(_____рен 1 РСС PROGRAM COUNTER РС 

7 0 1 - Zero Reauit 


0 - Non-Zero Resuit 


INTERRUPT DISABLE (i) (2) 


7 0 
INIv[ Ts [eT Tz 10] PROCESSOR STATUS ВЕС P 1 - iRQ interrupt Disabied 


0 = IRQ Interrupt Enabled 


DECIMAL MODE (D) (t) 


1 = Decimai Mode 
0 - Binary Mode 


————————————— BREAK COMMAND (B) (1) 


1 = Break Command 
0 - Non-Break Command 


Mode Control Register 


OVERFLOW (0) (1) 


1 = Overfiow Set 
0 - Overtiow Ciear 


ADDR 0014 


NEGATIVE (N) (1) 


NOTES 
(1) Not initialized by RES 1 - Negative Value 
COUNTER (2) Set to Logic 1 by RES 0 = Positive Value 
SELECT MODE 
BUS MODE 
SELECT 
NOT USED 0 0 INTERVAL TIMER 
0 1 PULSE GENERATOR 
1 0 EVENT COUNTER 
BUS SELECT 1 1 PULSE WIDTH MEASUREMENT 


0 - 6500/6800 BUS Interrupt Enable and Flag Registers 
1 = 200/8080 BUS 


"INT SELECT 


0 - PC6 ЕЯ 


F3 17 iNT 

0 PORT B ALL iNPUTS 

1 PORT В ALL OUTPUTS 

0 ABBREVIATED BUS MODE 
1 MULTIPLEXED BUS MODE 


ADOR 0012 


ADDR 0011 


Host Status Flag Register 

PAO POSITIVE 
EDGE DETECT 

HSFR ADDR 001Е INTERRUPT ENABLE 


PA1 NEGATIVE 
EDGE DETECT 
INTERRUPT ENABLE 
INTERNAL INTERRUPT 
REQUEST, iRQ ENABLE 


EXTERNAL iNTERRUPTS REGUEST 1, 


ІМТ-1 ENABLE 
INPUT DATA REGISTER 
FULL FLAG EXTERNAL INTERRUPT REQUEST 2, 
INT-2 ENABLE 
COUNTER UNDERFLOW 


INTERRUPT ENABLE 
OUTPUT DATA REGISTER 
FULL FLAG 


Host Addressing Matrix 


COPIES RS ON 
WRITE FROM HOST 
COMMAND 
STATUS FLAG INPUT 


GENERAL PURPOSE 
FLAGS STATUS REGISTER 


DATA REG DATA REG 
OUTPUT INPUT 
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C.2 ИО AND INTERNAL REGISTER ADDRESSES 


| ADDRESS READ WRITE 

001Е — mE 
1E Host Status Flag Register Host Status Flag Register 
1D == E. 
1C Input Data Register (IDR) Output Data Register (ODR) 
1B —— ---- 
ТА Lower Counter Lower Latch 
19 Lower Counter & Clear Flag (IFR5) Upper Latch/Transter Latch to Counter & Clear Flag (IFR5) 
18 Upper Counter Upper Latch 


14 Mode Control Register Mode Control Register 
13 —— —— 

12 Interrupt Enable Register interrupt Enable Register 
11 Interrupt Flag Register == 

10 Read "FF" 


Clear Int Flag Bit 


C.3 MULTIPLE FUNCTION PIN ASSIGNMENTS 


] 


PIN NUMBER yo ABBREVIATED PORT MULTIPLEXED PORT 
R6541Q R6500/43 FUNCTION | FUNCTION FUNCTION 

31 PCO AO AO 

30 РС1 А1 А1 

29 РС2 A2 A2 

28 PC3 A3 A3 

27 PC4 ВАМ ВАМ 1 

26 PCS _ EMS _ EMS _ 

25 РСӨЛМТ PC6/INT PC6/INT 
| 

49 РВО А4/00 

50 PBI D1 А5/О1 

51 РВ2 02 A6/D2 

52 PB3 D3 А7/03 
| 53 РВ4 04 А8/04 

54 РВ5 05 A9/D5 

55 PB6 D6 A10/D6 

56 | РВ7 07 А11/07 
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APPENDIX D 
ELECTRICAL SPECIFICATIONS 


Maximum Ratings 


RATING SYMBOL VALUE UNIT 
Supply Voltage Vec -0.3 to +7.0 Vdc 


Input Voltage Vi -0.3 to +7.0 мас 

Operating Temperature Range, T О to +70 С | 
Commercial | 

Storage Temperature Range Тез -65 to +150 °С 


This device contains circuitry to protect the inputs against damage due to high static voltages, however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum rated voltages to this circuit. 


D.C. Characteristics (Vc; = 5V + 5% Vas = 0) 


CHARACTERISTIC SYMBOL MIN TYP MAX UNITS 
7] T 

Power Dissipation (Outputs High) Po mW 
Commercial 0°C to +70°С — 500 — 

Input High Voltage (Normal Operating Levels) Мин +2.0 — Vec Vdc 

Input Low Voltage (Normal Operating Levels) Уһ -0.3 -- +0.8 Vdc 

Input Leakage Current hw —10.0 +10.0 рАЗС 
Ма = 010 5.25 Мас 

+ - 

Input Low Current li -1.0 -1.6 mAdc 
(V, = 0.4 Мас) 

Output High Voltage Vou +2.4 — Усс Уас 
(Veo = тіп, loaa = — 100 Adc) 

Output High Voltage Vemos У.с ~ 30% - Мес мас 
(Vee = min) 

Output Low Voltage Vor - — +0.4 Мас 
(Усс = min, в = 1.6 тАдс) 

Output High Current (Sourcing) lon -100 - — рАас 
(Мен = 2.4 Мас) 

Output Low Current (Sinking) lo. 1.6 — — mAdc 
(Vo. = 0.4 Мас) 

Darlington Current Drive, PE* lon -1.0 — — mAdc 
(Мон = 1.5 Мас) 

Output Low Current, РЕ* lo. 1.6 — - mAdc 
(Vo. = 0.4 Мас) 

| 

Input Capacitance Cin — — 10 pF 
(Vi, = 0, Ta = 25°C, f = 1.0 MHz) 
РА, PB, PC, РЕ", Ра" 

4 

Output Capacitance Cour — - 10 рЕ 
(Ма ~ 0, Т, = 25°C, f = 1.0 MHz) 

УО Port Resistance А, 3.0 6.0 11.5 ко 
РАО-РА7, PCO-PC6 
PFO-PF7, PGO-PG7 


NOTE: Negative sign indicates outward current flow, positive indicates inward flow. Усс = 5V = 5%  *R6500/42 only 
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R6541Q and R6500/43 Intelligent Peripheral Controllers 


APPENDIX E 
TIMING REQUIREMENTS AND CHARACTERISTICS 


E.1 GENERAL NOTES E.2 CLOCK TIMING 
1. Voc 5V +5%, 0°C x Ta = 70°C 
LL T 1MHz | 2 MHz 
2. A valid Усс - RES sequence is required before proper T u; 7n. Dp 
operation is achieved. Symbol Parameter Min Max Min Max 
Тсус Cycle Time 1000 | 104s | 500 | 104s 
imi . + 
3. АН timing reference levels are 0.8V and 2.0V, unless other. Тело | CLKIN Input Clock | 475 Z 240 Z 
wise specified. Pulse Width 
4. All time units are nanoseconds, unless otherwise specified. Tpwo2 Output Clock Tpweo | Трмфо | Труфо | Tewgo 
Pulse Width at +25 +20 
5. All capacitive loading is 130 pF maximum, except as noted Minimum Тсүс 
below: Те, Tr Output Clock - 25 - 15 
Rise, Fall Time 
PA, PB — 50 pF maximum — - г 10 
PB, PC (I/O Modes Only) — 50 pF maximum Та, Те (при clock Rise, = о — 
PB, PC (ABB and Mux Mode) — 130 pF maximum а ime __ 
+ Тсус —» 
Tg —* — - ЋЕ 
скн 1.5У 1.5У 


-—— ————— Тр; -----> 
$2 N 
—— я-- Tr ——» -— ТЕ 
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R6541Q and R6500/43 Intelligent Peripheral Controllers 


E.3 ABBREVIATED MODE TIMING—PB AND PC 


(MCR 5 - 1, МСН 6 - 0, MCR7 = 1) 


1 MHz 2 MHz 
SYMBOL PARAMETER 
MIN | МАХ | MIN |н 
(РС5) ВАМ Зешр Пте желі 225 ES 140 
(PCO-PC3) Address Setup Time — 225 — 140 
(PB) Data Setup Time 50 — 35 — 
(РВ) Data Read Hold Time 10 -- 10 = 
—— 
(РВ) Data Write Hold Time 30 -- 30 — 
(PB) Data Output Delay [1 — 150 
(PCO-PC3) Address Hold Time 30 — 30 m 
(PC5) R/W Hold Time - 
(РС4) ЕМ5 Ноја Тіте m: 
(PC4) EMS Stabilization Time - 
Тези EMS Setup Time | 8 210 


NOTE 1: Values assume РСО-РС5 have the same capacitive load. 


E.3.1 Abbreviated Mode Timing Diagram 


READ WRITE 


| Jæ- ТРСНУ 


тс зшщ n 


i 
MN 
ТРСУР 


PCO-PC3 


TREAS | TPBDO 


PBO-PB7 y 


R6541Q and [6500/43 Intelligent Peripheral Controllers 


E.4 MULTIPLEXED MODE TIMING—PB AND PC 


(MCR 5 - 1, MCR 6 - 1, MCR 7 - 1) 


SYMBOL 
Тьснв 
Tecas 
Tenas 
Tesso 


Таня 


РАВАМЕТЕВ 


(PC5) R/W Setup Time 
(PCO-PC3) Address Setup Time 
(PB) Address Setup Time 
(PB) Data Setup Time 
(PB) Data Read Hold Time 
(PB) Data Write Hold Time 


(PB) Data Output Delay 
(PCO-PC3) Address Hold Time 


Тавна (PB) Address Hold Time 


(PCS) R/W Hold Time 
(РСА) EMS Hold Time 
0 


(рса) Address to EMS Delay Time 
(PC4) EMS Stabilization Time 
- | 350 | — 


EMS Setup Time 
NOTE 1: Values assume РСО-РС5 have the same capacitive load. 


EM 


та m 
о ~ 
о о о 


4 


о 
о 


о 


52 1 = 4 сл 
ojojo 
= = ој о] 
о ~ VIPIN 
о т oa] ao 


30 


о 


ы оу-)| о 
о о оо о 


© 
о 


E.4.1 Multiplex Mode Timing Diagram 


Ls 
„у у ho f Ч 


210 | 
| | ФА M 
RW 
РС5) 
i L 1 | 


— —-| TPCRS 


--4ы ja TPCHV 
EMS 
(РСА) 
“--- } ви = к 
` TPCVP 


4 zu 4 
| | 


TPCAS 


TPBDD 


we КУА 


TPBAS 


TPBHW 
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865410 and R6500/43 intelligent Peripheral Controllers 


Е.5 I/O, EDGE DETECT AND COUNTER TIMING 


SYMBOL PARAMETER 


internal Write to Peripheral Data Valid 


Тери РА, PC TTL — | 500 | — 500 
Temos” PA, PC CMOS = 1000 = 1000 
Teoow PB == 175 = 150 
Peripheral Data Setup Time 
Trosu PA, PC 200 -- 200 — 
Тери РВ 50 == 50 — 
Peripheral Data Hold Time 
Тена PA, РС 5 - 75 |- — | 79] = ES 
Тена РВ 10 - 10 -- 
Teea PAO-PA1 Edge Detect Pulse Width ЕРЕ КЕН Йун ое TEC 
Counter | 
Тери PA2 Input Pulse Width Tere — | Тес - 
Teo!” PA2 Output Delay zu 500| — 500 


NOTE 1: Maximum Load Capacitance: 50pF Passive Pull-Up Required 


E.5.1 ИО, Edge Detect, Counter. 


—€————9Ó 
pz \ E 15У / к 1.5% 


TPOSU 


[«——— — — — 
РАО-РА7 + ыы m MNP а 
РВО-РВ7 
PCO-PC7 
+ - e m 


ТРНА 


Edge Detects | EK Е 
(РАС-РАТУ 


TCPW TCPW 


Tevow 


PBO-PB7 
2. s > 
тсмо: 
t 05 
TPOW voo—30 

РАО-РА? анайы NA 24У 
РВО-РВ7 uer f 
Pores 

0.4У 7 
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R6541Q and R6500/43 intelligent Peripheral Controllers 


E.6 MICROPROCESSOR TIMING (DO-D7, 
А0-А12, A15, SYNC, R/W) 


SYMBOL PARAMETER 
Taws R/W Setup Time 
Taos А0-А12, A15 Setup 
Time 
| Tosu 00-07 Data Setup Time | 5 
Tre 00-07 Read Hold Time 
Tas 00-07 Write Hold Time 
7T 
Tuos 00-07 Write Output 
Delay 
Тум SYNC Setup 
Ta А0-А12, A15 Hold Time 
= | —— 
Тням R/W Hold Time 
Tace External Memory Access 
Time Tace Тест, 
Taos — Tosu | _| 1 
Тун SYNC Hold Time 30 - 30 — 


E.6.1 Microprocessor Timing Diagram 


WRITE 
READ 


4--------і TRAWS 


a | taps 


TOSU | я-- TMDS 


SYNC 
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MEMORY PRODUCTS 
System ROM, Advanced CMOS and EEPROM 


Multi-chip systems need memory. How much and what 
type is up to the designer. Some memory devices are high 
volume, low price products. Some are tougher to produce. 
Rockwell is as good as you can get at tough ROM, custom 
coded, made to order, 32K through 128K. So, when you're 
assembling a microprocessor based system, Rockwell can 
deliver it all, including ROM. 

And, if you're working on a low power, high speed, 
system, Rockwell can supply CMOS ROM. 

For systems needing low-power custom memory, we even 
offer CMOS UV EPROMs - ROM that сап be electrically 
programmed and erased with ultraviolet light. 

But Rockwell is also into some very new technology, with 
5V EEPROMs. The new R5213 16K EEPROM has а 


10 millisecond/byte erase/write time and unlimited read 
cycles. Each byte may be erased and written a minimum of 
10,000 times, with a fast access time of less than 250 ns. 
And, there’s more: the R2816A and R5516A, with on-chip 
timing and data latches. The R2816AH writes a byte in only 
2 ms while the R5516A improves endurance to at least 
1,000,000 write cycles/byte. 

So, whatever your system need, Rockwell has the right 
ROM—NMOS, CMOS, UV EPROM and EEPROM. 

Our multi- and single-chip microprocessor and micro- 
computers, 8 or 16 bit, are the most usable product line 
available today. And, to help make them even more usable, 
we also offer memory. 


Rockwell Has The Right ROM For Your System 


у 
Ассезз Тіте 
Метогу | Рам Мо. Product Description (Nanoseconds) Package 
NMOS R2816A -25 16K (2K x 8) 5V Latched EEPROM -250 24-Pin 
EEPROM -3 with On-Board Timer -300 CERDIP 
-35 (10 ms Write Сусе)(2 ms Write Сусе? -350 
(10,000 Write Cycles/Byte) _ 
85213  -25 16K (2K x 8) 5V EEPROM -250 24-Pin 
-3 -300 CERDIP 
-35 | -350 
Н5516А -25 16K (2K x 8) 5V Latched EEPROM -250 24 Pin 
-3 with On-Board Timer -309 CERDIP 
-35 (10 ms Write Cycle) -350 
(1,000,000 Write Cycles/Byte) _ 
Н52833 -2 64K (8K x 8) 5V Latched EEPROM -200 24-Рт 
-25 -250 CERDIP 
-3 -300 
-35 :350 
CMOS R2716P -25 64K (8K x 8) One-Time PROM -250 28-Pin 
EPROM -350 -350 Plastic DIP 
R8/C32 -35 32K (4K x 8) БУ UV EPROM -350 24-Pin 
-45 -450 CERDIP 
-55 | -550 | 
R87C64 -2 64K (8K x 8) 5V UV EPROM -200 28-Pin 
-25 -250 CERDIP 
-35 | -350 | 
CMOS R23C64 -15P | 64K (8K x 8) Static ROM -150 28-Pin 
ROM -25P, -25PE -250 Plastic DIP! 
-ЗР -300 
-35PE -350 
NMOS R2332A2 -2P 32K (4K x 8) Static ROM -200 24-Pin 
ROM -25P, -25SP, -25EP -250 Plastic DIP! 
-3P, -3SP, -ЗЕР -300 
-Р -5Р -EP -450 
R2364A -2P 64K (8K x 8) Static ROM -200 24-Рт 
-25Р -250 Plastic DIP! 
-ЗР, -3SP, -3EP -300 _ 
R2364B -ЗР, -З$Р, -ЗЕР 64K (8K x 8) Static ROM -300 28-Pin 
. _ Plastic DIP! 
R23128 -25P, -25ЕР 128K (16K x 8) Static ROM -250 28-Pin 
-ЗР, -3EP 300 Plastic DIP! 
NOTES: LEGEND 
1. Also available in ceramic DIP. 3. R2816AH only. А = T.I./Motorola JEDEC E = Ext. Temp. (-40° to 85°C) 


2. Also available in alternate 24-pin pinout (R2332B _ __ _). 


= Standby power 


R2332A and R2332B 


Memory Products 


f % Н2332А АМО Н2332В 


32K (4K TATIC ROM 
Rockwell (ess 


DESCRIPTION iol 
The R2332A and R2332B ROMs are 32,768-bit static Read- ЕМ 
Only Memories (ROMS), organized as 4,096 eight-bit bytes, that 
offer maximum access times of 200 to 450 nanoseconds, POWER CHIP 
respectively. These ROMs are in industry-standard 24-pin, dual DOWN SELECT 
in-line packages, and are available in ceramic or low-cost plastic. АСТ/5ТВУ DECODER 
These fully-static 32K-bit ROMs are compatible with 8-bit NMOS 
microprocessors, including the R6500 family of microprocessors. 
All R2332A and R2332B ROMs operate totally asynchronously AO Ф ао 
and require по clock при. These devices provide tri-state out- А1 с Q1 
put buffers for memory expansion. These ROMs offer TTL input A2 E E Q2 
and output levels with a minimum noise immunity of 0.4 volts. A3 8 g ет 2 a3 
22 or 
The mask-programmable chip enable input (E/E) may be pro- А4 | 5 CELL ARRAY 5 aa 
grammed to function as a chip select without power down AS == Е Q5 
standby mode or as a chip enable with power down standby A6 2 о Q6 
mode. The active level of the enable input is also programmable. Q7 
FEATURES 
e 4,096 x 8 organization оин 
• Access time: 200 ns, 250 ns, 300 ns, and 450 ns (max.) (1 OF 32) 
е Low power dissipation is 125 mW active, 37.5 mW standby 
e Drives two TTL loads and 100 pF A7 АВ AS A10 A11 
e Single +5V + 10% power supply E= 
• Totally static operation, по input clock required 
2A and R2332B Block Diagram 
ə Completely TTL compatible R238 293 9 
• Mask-programmable chip enable and chip select 
e Tri-state outputs for memory expansion R2332B 
ORDERING INFORMATION 
Part Number: R2332 b i | Kc 
| Package: | AS de 4 as 
5 x Ре ан" да Са aul 
=. Каз BEN" АЗ 5 G/G/N* 
Temperature Range: A10 A2 6 А10 
No letter = 0°C to +70°С А11 ы 7 E/E/N* 
Е = -40°С to +85°С Q7 AD 8 от 
Power Down Standby Mode: о оо 06 
$ = Yes 05 Q1 Q5 
No letter = No Q4 ог a4 
Access Time (Max.): 03 SND өз 
2 = 200 п5 
Е 25 = 250 ns 
cr UM т 3 = 300 п5 *Mask-programmable option 
ОМ Goren No number(s) = 450 ns “М = No effect on selection/enable logic, however, no voltage 
Form. Order No. Model: other than logic levels shall be applied. 


2137. А = R2332A 
В = R2332B R2332A and R2332B Pin Configuration 


Document No. 29000D89 Data Sheet Order No. D89 
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R2332A and R2332B 


ABSOLUTE MAXIMUM RATINGS" 


Parameter Symbol Value Unit 
Supply Voltage Vcc 0.5 {© +7.0 Мас 
input Voltage Vin —0.5 to +7.0 Vde 
Output Voltage Vout —0.5 to +7.0 Vde 
Temperature Under Bias Ta °С 

Commercial —10 іс +80 

industrial —50 to +95 
Storage Temperature Tero —65 to +150 °С 
Power Dissipation Р 1.0 Ww 


32K (4K x 8) Static ROM 


*МОТЕ: Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent датаде to the device. This is 
a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. .Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS Voc = 5.0V + 10%, ТА = 0°C to 70°C (unless otherwise specified) 


1. Applies only to chip enable with power down standby mode. 
2. This parameter is periodically sampled and is not 100% tested. 


Symbol Parameter Min Typ Max Units Test Conditions 
Vou Output High Voltage 2.4 | Vee M Vec = 45V, lou = -400 uA 
VoL Output Low Voltage 0.4 M Vee = 45V, log, = 3.3 mA 
Vin Input High Voltage 2.0 | Усс M 
Vit Input Low Voitage -0.5 | 0.8 V 
lu Input Load Current 10 мА Voc = 5.5V, ОМ = Му = 5.5V 
um TT ——1 — . 
lio Output Leakage Current +10 ҺА Vec = 5.5V, chip deselected, 
| Vour = +0.4\ to Мег 
lee Power Supply Current, Active 25 55 mA 
- Усс = 5.5\ 
єв Power Supply Current, Standby! 7.5 16 mA 
C, Input Capacitance? 7 pF Vec = 5.0V, chip deselected, pin 
under test at OV, T4 = 25°C, 
itance? | 6-1 МН 
Со Output Capacitance L | 10 рЕ 
Notes: 


AC CHARACTERISTICS vec = 5.0\ + 10%, Т, = 0°C to 70°C (unless otherwise specified) 


R2332-2 R2332-25 R2332-3 R2332-45 
Symbol Parameter Min Max Min Max Min Max ] Min | Max Unit 
е +... — +. +. 
tavax Address Valid to Address Don't Care 200 250 300 450 ns 
њи: 
ішен Chip Enable Low to Chip Enable High? 200 | 250 300 | | 450 T ns 
— 
бдуау Address Valid to Output Valid (tacc) (Access) Т 200 250 | 300 450 ns 
| terav Chip Enable Low to Output Valid (Access)? 200 250 300 | 450 ns 
+— + + m + 
tavex | Address Valid to Output (он) Invalid 10 10 10 10 | ns 
te ox Chip Enable Low to Output (tco) Invalid 10 1 10 10 10 | ns 
| їєног Chip Enable High to Output High Z (tor) 10 704 10 704 10 704 10 704 ns 
T 

tpu | Chip Selection to Power Up Time? 0 | 0 0 0 | ns 
tep Chip Deselection to Power Down Time? 1004 | 1004 1004 1004 | ns 
tavet Address Valid to Chip Enable Low 0 о 0 0 ns 
terav Chip Select Low to Output Valid? 10 904 i 10 904 10° 904 10 904 ns 
(оно: Chip Select High to Output High 23 10 704 10 704 10 704 10 704 1 ns 

Notes: 

1. Test Conditions: 

Output Load: 2 TTL Loads and 100 pF; Input Transition Time: 20 ns; Timing Reference Levels: input: 1.5V; Output: 0.8У, 2.0У. 

2. Mask-programmed for chip enable with power down standby mode. . . 

3. Mask-programmed for chip enable without power down standby mode. 

4. Add 20 ns for extended temperature devices (-40°C to +85°C). 
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R2332A and R2332B 32K (4K x 8) Static ROM 


TIMING DIAGRAMS 


READ CYCLE TIMING 1 
(E HELD LOW) 


ADDRESS 


ә у 
ххх ш 
INPUTS 529562 ADDRESS VALID s 


Q (DATA OUT) DATA VALID 


READ CYCLE TIMING 2 =] taver 
ADDRESS ууулу Vin 
INPUTS | ADDRESS VALID м 
M —— tien 
= Мн 
Е (CHIP ENABLE) Vu. 
------- TELOV tenaz |--- 
шох — ү 
О (DATA OUT) Hz (5555 DATA VALID на 


94 oc 
tu |-- 


Мес SUPPLY log == ба === === 


CURRENT Iss T: 
= tarav 
G (CHIP SELECT) 


(SHOWN ACTIVE LOW) 


Фр І-- 


| 
TYPICAL CHARACTERISTICS 


SUPPLY CURRENT VS AMBIENT TEMPERATURE SUPPLY CURRENT VS SUPPLY VOLTAGE 

70 70 - 
60 60 BE | 
50 50 Ы 

| 40 | 40 == | | 

© зо e gal acon 
i : ACCESS TIME ЕЗ К5 | 
vs | i жи 
у. AMBIENT TEMPERATURE m TA 
950 -30° 0% 30° 60° 90% 120 150% e НЕН БЕН sam 35 4.0 4.5 50 55 60 65 70 
Ta—Ambient Temperature—°C m тој | Vcc — Volts 
500 


tacc—ns 


| | 4125°C 
| jue. 
ical І 
«yee Vcc = 50V 
2 TTL LOADS 
M C, - 100 pF 
-60* -30° 09 30° 60 90° 120 150 
TA-—Ambient Temperature—°C 
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R2332A and R2332B 


32K (4K x 8) Static ROM 


PACKAGE DIMENSIONS 


24-PIN CERAMIC DIP 


0.610 
0.580 
PIN NO. 1 
IDENT. 
1350 
1.190 
сото 9:120 
0.530 
Е 0.020 0.0 
| 0.450 ——= 


0.023 1 0.1 
0.0157! 0:065 0.090 
0.045 


24-PIN PLASTIC DIP 


Ша Ше ШШ Ша Шш Ша Шш Шш Ша Шш Шш ШШ =m 


0.550 
0.530 
PIN NO. 1 
IDENT. 7° 
UUUuuuuutu, 
= _ 1.260 4 
1.230 
0.050 
0.02 
т € 9.160 


MAX. [E 
TT E 
0.008 
0.065 TE {| 0.110 | |__-_ 0.700 _____| 


0-023 0.032 REF 0.090 0.600 
0.015 


6% 


Rockwell 


DESCRIPTION 


The R2364A2, R2364A25 and R2364A3 are 65,536-bit static 
Read-Only Memories (ROMs), organized as 8,192 eight-bit bytes, 
that offer maximum access times of 200, 250 and 300 nano- 
seconds, respectively. These ROMs are in industry-standard 
24-pin, dual in-line packages, and are available in ceramic or 
low-cost plastic. These fully-static 64K-bit ROMs are compatible 
with all eight-bit N-channel microprocessors, including the R6500 
family of microprocessors. 

All three R2364A ROMs operate totally asynchronously, and 
require no clock input. These devices provide tri-state output 
buffers for memory expansion. The R2364A ROMs offer TTL 
input and output levels with a minimum noise immunity of 0.4 
volts. 

The mask-programmable chip enable input (E/E) may be pro- 
grammed to function as a chip select without power down 
standby mode or as a chip enable with power down standby 
mode. The active level of the enable input is also programmable. 


FEATURES 


8,192 x 8 organization 

Access time: 200 ns, 250 ns, and 300 ns (max.) 

Low power dissipation: 125 mW active, 37.5 mW standby 
e Drives two TTL loads and 100 pf 

e Single +5V + 10% power supply 

• Totally static operation, no input clock required 

е Completely TTL compatible 

e Mask-programmable chip enable 

e Tri-state outputs for memory expansion 


ORDERING INFORMATION 
| Part Number: R2364A —— —— — 


L_ Package: 
C = Ceramic 
P = Plastic 


Temperature Range: 
No letter = 0°С to +70°С 
Е = -40'C to +85°C 


Power Down Standby Mode: 
S = Yes 
No letter = No 


Access Time (Max): 
Note: Submit ROM codes using the 2 = 200 ns 
Rockwell ROM Code Order Form, 25 = 250 ns 
Order No. 2137. 3 = 300 ns 


R2364A 


Memory Products 


R2364A 


64K (8K x 8) STATIC ROM 


POWER 
DOWN 
АСТ/5ТВҮ 


AO 
Al 
A2 
A3 
A4 
AS 
Аб 
А7 


65,536 BIT 
ROM 
CELL ARRAY 


(1 OF 256) 
OUTPUT BUFFERS 


ROW DECODER 


COLUMN 
DECODER 
(1 OF 32) 


A8 А9 A10A114A12 


R2364A Block Diagram 


A7 1 vcc 
A6 2 А8 
А5 3 AQ 
А4 4 А12 
АЗ 5 ЕЕ" 
А2 6 А10 
Al 7 А11 
А0 8 Q7 
Q0 9 Q6 
Q1 Q5 
Q2 Q4 
GND Q3 
*Mask-programmable option 


аа 
R2364A Pin Configuration 


Document No. 29000D63 


Data Sheet Order No. D63 
Rev. 3, March 1984 


1. Test Conditions: 


R2364A 64K (8K x 8) Static ROM 
ABSOLUTE MAXIMUM RATINGS* 
x у ; müm 
Parameter | Symbol Value Unit NOTE: Stresses above those listed under Absolute Ма imur 
Ratings” may cause permanent damage to the device. This is 
Supply Voltage Усс 0.5 to +7.0 | Мас a stress rating only and functional operation of the device at 
Input Voltage Vin –0.5 to +7.0 Мас these or any other conditions above those indicated м the 
operational sections of this specification is not implied. Expo- 
Output Voltage Vout BOONES OC sure to absolute maximum rating conditions for extended periods 
Temperature Under Bias Ta °С may affect device reliability. 
Commercial —10 to +80 
industrial —50 to 495 
Storage Temperature Тете | —65 to +150 °С 
Power Dissipation Р 1.0 Ww 
DC CHARACTERISTICS 
Усс = 5.0V + 10%, T4 = 0°C to 70°C (unless otherwise specified) 
Symbol Parameter Min Typ Max Units Test Conditions 
Мон Output High Voltage 2.4 Vec у Усс = 4.5V, Іон = —400 uA 
VoL Г Output Low Voltage 0.4 V Veo = 4.5V, lg, = 3.3 mA 
MIT Input High Voltage 2.0 Vcc 
Уһ Input Low Voltage —0.5 0.8 
је 
lu Input Load Current 10 Veo = 5.5V, OV = Vi, < 5.5V 
lio Output Leakage Current =10 нА Vec = 5.5V, Chip Deselected, 
Vour = +0.4V to Усс 
lee Power Supply Current, Active | 25 55 mA Veo = 55V 
Isp Power Supply Current, Standby! 7.5 16 mA 
Ci input Capacitance? 7 pF Мес = 5.0V, chip deselected, pin 
under test at OV, T4 = 25°С 
Co Output Capacitance? 10 pF f = 1 MHz 
Notes: 
1. Applies only to chip enable with power down standby mode. 
2. This parameter is periodically sampled and is not 100% tested. 
AC CHARACTERISTICS 
Усс = 5.0V + 10%, T4 = 0°C to 70°C (unless otherwise specified) 
R2364A2 R2364A25 R2364A3 
Symbol Parameter Min. Max. Min. Max. Min. s 
tavax Address Valid to Address Don't Care 200 250 300 
teLEH Chip Enable Low to Chip Enable High? 200 250 300 
lavov Address Valid to Output Valid (t4cc) (Access) 200 250 
terav Chip Enable Low to Output Мана (Access)? 200 250 309 
tavox Address Valid to Output (їон) Invalid 10 10 10 
teLox Chip Enable Low to Output (tco) Invalid 10 10 10 
tenes Chip Enable High to Output High Z (tor) 10 704 10 704 10 
іру Chip Seiection to Power Up Тіте? 0 0 о 
tpp Chip Deselection to Power Down Time? | 1004 1004 
ТАМЕ. Address Valid to Chip Enable Low 0 о о 
(сах Chip Select Low to Output Invalid? 10 904 10 904 10 
tenaz | Chip Select High to Output High 2 _| 10 70* | 10 70° 10 704 
Notes: 


Output Load: 2 TTL Loads and 100 pF; Input Transition Time: 20 ns; Timing Reference Levels: input: 1.5V, Qutput: 0.8V, 2.0V. 


wn 


. Mask-programmed for chip enabie with power down standby mode. 
. Mask-programmed for chip enable without power down standby mode. 
4. Add 20 ns for extended temperature devices ( -40*C to +85°С). 
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R2364A 64K (8K x 8) Static ROM 


TIMING DIAGRAMS 
READ CYCLE TIMING 1 (E HELD LOW) 


ADDRESS ¥ 
INPUTS 


Q (DATA OUT) 
READ CYCLE TIMING 2 


DATA VALID 


ADDRESS 


INPUTS ADDRESS VALID 


E (CHIP ENABLE) 


Q (DATA OUT) —————————— 


Voc SUPPLY сс 


CURRENT sg 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT VS AMBIENT TEMPERATURE 


SUPPLY CURRENT VS SUPPLY VOLTAGE 


70 

60 

50 

< о 
t Џ 
о 

8 8 = 

20 

10 

0 0 

-60° -30 0° 30° 60° 90° 120° 150° 


35 40 45 50 55 60 65 70 


Ta—Ambient Temperature—°C Усс — Volts 


ACCESS TIME VS AMBIENT TEMPERATURE 


Усс = 5.0V 
|772 TTL LOADS 
C, = 100 pF 
-60° -30° 0° 30° 60° 90° 120° 150° 
Ta—Ambient Temperature—°C 


4-9 


R2364A 64K (8K x 8) Static ROM 


—— = 
PACKAGE DIMENSIONS 
24-PIN CERAMIC DIP 24-PIN PLASTIC DIP 
DEED ED 
0.530 
PIN NO. 1 ІШ 
тент.” т! 
во] 
2 1.230 
0.070 © 0.050 
. 0.07 0.530 07020 
а > — — [9.160 
0.023 | 0.110 | 0.085 - 0. UT _0.700 — 
тело отоо 0.150 жарай уо ner 0110 0 
0.045 0.125 0.015 
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N 


Rockwell 


R2364B 


Memory Products 


R2364B 


64K (8K x 8) STATIC ROM 


DESCRIPTION 


The R2364B2, R2364B25 and R2364B3 are 65,536-bit static 
Read-Only Memories (ROMs), organized as 8,192 eight-bit bytes, 
that offer maximum access times of 200, 250 and 300 nano- 
seconds, respectively. These ROMs are in industry-standard 
28-pin, dual in-line packages, and are available in ceramic ог 
low-cost plastic. These fully-static 64K-bit ROMs are compatible 
with all eight-bit N-channel microprocessors, including the R6500 
family of microprocessors. 


All three R2364B ROMs operate totally asynchronously, and 
require no clock input. Three mask-programmable chip select 
inputs allow up to eight 64K ROMs to be OR-tied without external 
decoding. These devices provide tri-state output buffers for 
memory expansion. The R2364B ROMs offer TTL input and 
output levels with a minimum noise immunity of 0.4 volts. 


The mask-programmable chip enable input (E/E) may be pro- 
grammed to function as a chip select without power down 
standby mode or as a chip enable with power down standby 
mode. The active level of the enable input is also programmable. 


FEATURES 

8,192 x 8 organization 

Access time: 200 ns, 250 ns and 300 ns (max.) 

Low power dissipation: 125 mW active, 37.5 mW standby 
Drives two TTL loads and 100 pF 

Single +5V +10% power supply 

Totally static operation, no input clock required 
Completely TTL compatible 

Three tri-state mask-programmable chip select inputs 
Mask-programmable chip enable 

Tri-state outputs for memory expansion 


ORDERING INFORMATION 


Part Number: R2364B ` 


774 | L- Package: 
C = Ceramic 
P = Plastic 
Temperature Range: 
No letter = 0°C to +70°C 
Е = —40°С to +85°C 


Power Down Standby Mode 


S = Yes 
No letter = No 
Access Time (Max): 
Note: Submit ROM codes using 2 = 200 ns 
Rockwell ROM Code Order 25 = 250 ns 
Form, Order No. 2137 3 = 300 ns 


Document No. 29000D62 


ЕЕ 


G/G/N 
51/51/№ 
52/52/№ 


POWER 
DOWN 
ACT/STBY 


CHIP 
SELECT 
DECODER 


А0 


А5 
А6 
А? 


А'— Е 
A2 Ш _ u Q2 
Bg 65,536 BIT 5 оз 
| A3 — N ROM 2 G4 

A4 as CELL ARRAY 5 

= a 

55 5 

Е о 


COLUMN 
DECODER 
(3 OF 32) 


А8 А9 А10А11 А12 


R2364B Block Diagram 


NC 1 vcc 
А12 2 S2/S2/N* 
A7 3 S1/S1/N* 
A6 4 A8 
A5 5 A9 
А4 6 А11 
АЗ 7 G/G/N* 
A2 8 A10 
9 


Al 
AO 


Е/Е" 
Q7 


E 
о 
E 
о 


ао 11 18 06 

Q1 12 05 

а2 13 04 
14 


GND Q3 
r 
*Mask-programmable option. 


N = No effect on selection/enable logic, however, voltage other 
than logic levels shall not be applied. 


R2364B Pin Configuration 


Data Sheet Order No. D62 
Rev. 3, March 1984 


R2364B 
ABSOLUTE MAXIMUM RATINGS* 


Parameter Symbol Value 

Supply Voltage Усс —0.5 to +7.0 
input Voitage Vin —0.5 to +7.0 
Output Voltage Vour —0.5 to 47.0 
Temperature Under Bias ТА 

Commercial -10% +80 

industrial —50 to +95 
Storage Temperature Tst |-65 to " 50 
Power Dissipation P 1.0 


DC CHARACTERISTICS 
Усс = 5.0V + 10%, Ta = 0°C to 70°C (unless otherwise specified) 


64K (8K x 8) Static ROM 


"NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


| Symbol ІН Parameter Min Typ | Мах Units Test Conditions 
Vou Output High Voltage 2.4 Vcc V Voc = 4.5V, lou = —400 uA 
VoL Output Low Voltage 0.4 V Veco = 4.5V, lo, = 3.3 mA 
Vin input High Voltage | 2.0 Vec M 
Vit E input Low Voltage —0.5 ] 0.8 у Al 
Г lu input Load Current | _ | 10 pA Усс Б 5.5V, OV = Vin = 5.5V 
lio Output Leakage Current =10 BA Voc = 5.5V, chip deselected, 
| Vout = +0.4V to Мос = 
ЈЕ lec Power Supply Current, Active 25 mA Мес = 5.5V 
Ise Power Supply Current, Standby! 75 mA | 
Ci | Input Capacitance? | рЕ Усс = 5.0V, chip deselected, pin 
| under test at ОМ, T4 = 25°С 
Co | Output Capacitance? pF f = 1 MHz 
Notes: 
1. Applies only to chip enable with power down standby mode. 
2. This parameter is periodically sampied and is not 100% tested. 
AC CHARACTERISTICS 
Veco = 5.0V + 10%, Тл = 0°С to 70°C (unless otherwise specified) 
[ R236482 R2364B25 R2364B3 
Symbol Parameter Min. Max. Min. Max. Min. Max. Unit 
tavax Address Valid to Address Don't Care 200 250 300 
інен L Chip Enable Low to Chip Enable High? 200 250 300 ns 
LII 
tavav Address Valid to Output Valid (асс) (Access) 200 250 зос ns 
tergov 1 Chip Enable Low to Output Valid (Access)? 200 250 30С ns 
tavax Address Valid to Output (tox) Invalid 10 10 L 10 ns 
tg ox Chip Enable Low to Output (tco) Invalid 10 10 10 ns 
teuoz Chip Enable High to Output High 2 (tpe) 10 704 [ 10 704 | 10 704 ns 
= ^ 
teu Chip Selection to Power Up Time? 0 0 0 | ns | 
Г (ер Chip Deselection to Power Down Time? 1004 1004 1004 ns 
taver Address Valid to Chip Enable Low 0 0 Г ns 
| terav Chip Select Low to Output Valid? 10 904 10 904 ns 71 
tauoz Chip Select High to Output High Z 10 704 10 70: || ns | 
Notes: 4. Add 20 ns for extended temperature devices (~ 40°C to +85°C) 
1. Test Conditions: 5. © may be delayed up to буду - taav after the falling edge of E 
Output Load: 2 TTL Loads and 100 pF; Input Transition Time: without impact on tavay- Data is available at the О outputs after а 
20 ns; Timing Reference Levels: Input: 1.5V; Output: 0.8V, 2.0V. delay of tai су frorn the falling edge of 6, provided that Е has been 
2. Mask programmed for chip enable with power down standby mode. low (V) and addresses have been valid for at least tayay ~ Бом 
3. Mask programmed for chip enable without power down standby mode. 6. но» and tgo; are specified from G or E, whichever occurs first. 
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R2364B 


64K (8K x 8) Static ROM 


TIMING DIAGRAMS 


READ CYCLE TIMING 1 (É HELD LOW) 
ADDRESS x5 Мн 
INPUTS Vi 
Мон 
Q (DATA OUT) PREVIOUS DATA VALID DATA VALID Vo. 
READ CYCLE TIMING 2 taver 
V 
ADDRESS CZ IH 
INPUTS ОХ | ADDRESS VALID м, 
— ЕН 
- Мн 
Е (СНР ЕМАВ(Е) у 
IL 
terav (Енох |- 
Кох —— у 
а (РАТА OUT) Hz “2555555 DATA VALID | uz ve 
tpu to — 
Vec SUPPLY сс----------- 
CURRENT Ise 
L—— -— tarav Жана? 1I-— 
0/61/52 
(CHIP SELECTS) 
(SHOWN ACTIVE LOW) 
TYPICAL CHARACTERISTICS 
SUPPLY CURRENT VS SUPPLY CURRENT VS 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 
70 
60 
50 
< f 40 
F І 
о 
8 4277 7, T о 30 
жа, 
4 20 
ACCESS TIME VS " 
AMBIENT TEMPERATURE 
957 -30° 0% 30° 60° 90° 120° 150° 


T,—Ambient Temperature—°C 


Усс = 5.0 


2 TTL LOADS 
C, = 100 pF 
%- -30° o 30° 60° 90° 120 150 


Ta—Ambient Temperature—°C 


4-13 


Усс —Volts 


R2364B 64K (8K x 8) Static ROM 


———————————— 


ће 


| PACKAGE DIMENSIONS 


Р DIP 
| 28-PIN CERAMIC DIP 26 ИМ PLASTIC 


„ PIN NO. 1 
e” IDENT 


He 
(015) 
d ШІ с 7) (008) 
(012) == view (065) 0700) 
acm dr к-сі i or 
MERC mE. (085) (023) 032 ВЕР (10) (150) (080) 


(065) (015) (0%) (125) (020) 


(155) (.065) 
(125) (015) 


6% 


Rockwell 


R23C64 


Memory Products 


R23C64 
64K (8K x 8) CMOS STATIC ROM 


PRELIMINARY 


DESCRIPTION 


The Rockwell R23C64 is an 8K x 8 (65,536 bits) CMOS static 
read-only-memory (ROM) housed in a 28-pin JEDEC standard 
(В version) package. It is fabricated in CMOS technology to 
achieve high performance with extremely low power dissipation. 
This device is available with maximum access times of 150, 250, 
or 300 nanoseconds, optional extended temperature range, and 
packaged in ceramic or low-cost plastic. 


The R23C64 is controlled via the chip enable (E) and the mask 
programmable chip selects (G/G/N, S1/S1/N, S2/S2/N). The 
addresses are latched on the falling edge of E, allowing the 
R23C64 to operate on multiplexed busses as well as non- 
multiplexed buses. The chip selects control the output buffers, 
however, these buffers do not become active until valid data is 
present from the internal data latches. This prevents spurious, 
invalid outputs that increase power dissipation. When E is high, 
the output buffers are in the high impedance state and the 
address and chip select pins are ignored. E may also be held 
low indefinitely, keeping the address latched and the output buf- 
fers under chip select control. 


FEATURES 


* 8,192 x 8 organization 

* JEDEC approved pinout 

* Extremely low power 

—Active 10 mW (max.) 

—Active (quiescent) 50 „W 

—Standby 50 „W (тах.) 

Fast access times: 150 ns, 250 ns and 300 ns (max.) 
Mask programmable chip selects 

Latched addresses and (optional) latched chip selects 
Drive two TTL loads and 130 pF 

Single 5V + 10% power supply 

Pin compatible with Rockwell R2364B NMOS ROMs and 
R87C64 and R2764 EPROMs 


ORDERING INFORMATION 


Part Number: R23C64. _____ 
= ~ | L Temperature Range: 
No letter = 0°C to +70°C 
Е = -40°С to +85°С 
Раскаде: 
С = Ceramic 
Р = Plastic 


Note: Submit ROM 


Access Time (Max): 
codes using Rockwell 15 = 150 ns 
ROM Code Order Form, 25 = 250 ns 
Order No. 2137. 3 = 300 пз 


65,536 BIT 
MEMORY 
ARRAY 


A0-A12 СУ 


ADDRESS 
LATCHES 
2 
ROW 
DECODER 


<Р 


Е 
E p: 
с/б 
51/51 ИО BUFFERS 
52/52 n 
Q0-Q7 
== 
R23C64 Block Diagram 

мс 1 vcc 

A12 2 $2/S2/N° 
A7 3 S1/81/N* 
A6 4 A8 
A5 5 A9 
да 6 А11 
АЗ 7 G/G/N* 
A2 8 A10 
A1 9 E 
А0 10 Q7 
ao 11 Q6 
ai 12 as 
ог Q4 

GND оз 

*Mask-programmable option. 


N = No effect on selection logic, however, voltage greater 
than logic level shall not be applied. 


R23C64 Pin Configuration 


Document No. 29000M05 


Data Sheet Order Мо. ММО5 
Rev. 1, March 1984 


R23C64 64K (8K x 8) CMOS Static ROM 
ABSOLUTE MAXIMUM RATINGS* 


*NOTE: Stresses above those listed under "Absolute Maximum 


P. i | Е Нн 
arameter | Symbol! valg Unit Ratings” may cause permanent damage to “һе device. This is 
Supply Voltage Усс _|- 0.310 +7.0 Vdc a stress rating only and functional operation of the device at 
Input Voltage Vin -0.310 Veg + 0.3 | Мас these or any other conditions above those indicated in the 
=== operational sections of this specification is not implied. Expo- 
Output Voltage Vout | 0:3 to Усс + 03 Vdc sure to absolute maximum rating conditions for extended periods 
Temperature Under Bias Ta °С may affect device reliability. 
Commercial -10 to +80 
industrial —50 to +95 
Storage Temperature Тете | -55 to +150 °С 
Power Dissipation Р | 1.0 Ww 
DC CHARACTERISTICS 
Мес = 5.0V + 10%, Т, = 0°С to 70°C (unless otherwise specified) 
Symbol Parameter | Мп Тур Мах Units Test Conditions 
| Мон Output High Voltage 2.4 Мес = 4.5V, Іон = ~200 pA + 130 pF 
VoL Output Low Voltage Усс = 4.5V, lg, = 3.2 mA + 130 pF 
Vin Input High Voltage | 20 У 
> Vit Input Low Voltage -0.3 V 
lu Input Load Current ҺА Voc = 5.5V, OV = Vin < 5.5V 
lio Output Leakage Current ҺА Усс = 5.5V, стр deselected, 
Мрџт = +0.4V to Veg 
| (се Power Supply Current, Active mA Terav = 150 пз!, Усс = 5.5V 
mA Terav = 300 ns’, Vec = 5.5V 
ЗІ КЕК Е MAC а 
Isp Power Supply Current, Standby | BA Е = Усс -0.5У; all other pins active 
Ci Input Capacitance (all but E) 5 pF Усс = 5.0V, chip deselected, pin under 
(E) Ж 10 РЕ test at OV, T4 = 25°C, f = 1 MHz 
Co = Output Capacitance? 10 pF 
Notes: 
1. Teren = 150 ns, all pins active, no loads, 1 usec cycle time (Teig, = 1 us). 
2. Teren = 300 ns, all pins active, no loads, 2 usec cycle time (Tere, = 2 из). 
3. This parameter is periodically sampled and is not 100% tested. 
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R23C64 64K (8K x 8) CMOS Static ROM 


AC CHARACTERISTICS 
Vec = 5.0V + 10%, Ta = 0°C to 70°C (unless otherwise specified) 
R23C64-15 R23C64-25 R23C64-3 
Symbol Parameter i Min Max 


Cycle Time 365 
Chip Enable Low to Chip Enable High 

Chip Enable High to Chip Enable Low 

Chip Enable Low to Output Valid (Access) 


Address Setup Time 

Address Hold Time 

Chip Select Valid to Output Valid 
Chip Enable High to Output High Z 


Chip Selects Invalid to Output High Z 


Rise and Fall Times?’ 


Notes: 

1. Test Conditons: Output Load: 2 TTL Loads and 100 pF; Input Transition Time: 20 ns; Timing Reference Levels: Input: 1.5V; Output: 0.8V, 2.0У. 

2. Rise and Fall times stated are required for these high performance parameters only and may be relaxed to 100 ns for slower operation, 
е.9., 100 kHz operation. 

3. G may be delayed up to tavay-terav after the falling edge of E without impact оп (дусу: Data is available at the Q outputs after a delay of 
terav from the falling edge of G, provided that E has been low (Му) and addresses have been valid for at least tavav~terav- 

4. tenaz: taraz are specified from G or E whichever occurs first. 


TIMING DIAGRAM 


READ CYCLE TIMING 
tere. 


tn 


mi 


taveL 


УХО tto. , УУУХ 
О 


ADDRESSES AQ ADDRESSESX00 
anna! "F--VALID 


AAA ANNUAIRE RB 
6/51/52 ААА CHIP SELECTS — Я 
CHIP SELECTS ХАК VALID AMAA. 


КАХААХААХАХААДАДАДА 


Q (DATA OUT) а HI-Z 


terav tenaz 


texaz 
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R23C64 64K (8K x 8) CMOS Static ROM 


| PACKAGE DIMENSIONS 


28-PIN PLASTIC DIP 


28-PIN CERAMIC DIP 


1550) 

PIN NO. 1 (530) 

e” IDENT | 

(115) 1160) 


(1.420) Tm (1.470) 


> (980) ——- M ~ М [n (140) 1.610. 
M (1:380) | "4 Г (7.440) ге E 
(.015) 


620 
--- , (085) (02) 032 АЕР ( 110) мы X 
(065) (015) 1090) (125) (020) 
(155) (065) 
(125) (015) 


N 


Rockwell 


R23128 


Memory Products 


R23128 


128K (16K x 8) STATIC ROM 


DESCRIPTION 


The R23128-25 and R23128-3 аге 131,072-bit static Read-Only 
Memories (ROMs), organized as 16,384 eight-bit bytes, that 
offer maximum access times of 250 and 300 nanoseconds, 
respectively. These ROMs are in industry-standard 28-pin, dual 
in-line packages, and are available in ceramic or low-cost plastic. 
These fully-static 128K-bit ROMs are compatible with all N- 
channel microprocessors. 


The R23128 ROMs operate totally asynchronously, and require 
no clock input. Three mask-programmable chip select inputs 
allow up to eight 128K ROMs to be OR-tied without external 
decoding. These devices provide tri-state output buffers for 
memory expansion. The R23128 ROMs offer TTL input and 
output levels with a minimum noise immunity of 0.4 volts. 


The chip enable input (Е) functions аз a chip enable with power 
down standby mode. When this line is high the chip is disabled 
and enters a low power standby state. 


FEATURES 


16,384 x 8 organization bytes 
e Access time: 250 ns and 300 ns (max.) 


e Low typical power dissipation is 100 mW active, 20 mW 
standby 


Drives two TTL loads and 100 pF 

Single +5V + 10% power supply 

Totally static operation, no input clock required 
Completely TTL compatible 

Three mask-programmable chip select inputs 
Tri-state outputs for memory expansion 


ORDERING INFORMATION 
Part Number: R23128 а не 


| 


Раскаде: 
С = Ceramic 
P = Plastic 


Temperature Range: 
No letter = 0°С to +70°C 
Е = -40°C to +85°C 
Note: Submit ROM 
codes using Rockwell Access Time (Max): 
ROM Code Order Form, 25 = 250 ns 
Order No. 2137 3 = 300 ns 


Document No. 29000M03 


G/GIN 
S1/81/N — 
E 


POWER 
DOWN 
ACT/STBY 


CHIP 
SELECT 
DECODER 


AO 
Qo 
A1 
о Qi 
А2 c с 
aa—joa Is 92 
о = 131,072 ВІТ 5 оз 
А4 ow a 
шш ROM = Q4 
A5 ao CELL ARRAY 5 
zT a 05 
А6 о“ Е 
е 5 Q6 
А? о 


А8 


COLUMN 
DECODER 
(1 OF 32) 


А9 А10 А11 А12А13 


R23128 Block Diagram 


NC 1 vec 
А12 2 S1/S1/N* 

A? 3 А13 

Аб 4 АВ 

А5 5 A9 

A4 6 A11 

A3 7 G/G/N* 

A2 8 A10 

A1 9 E 

АО о? 

00 Q6 

Q1 Q5 

Q2 Q4 
GND оз 


*Mask-programmable option. 
N = no effect on selection/enable logic, however, voltage 
greater than logic levels shall not be applied. 


R23128 Pin Configuration 


Data Sheet Order Мо. ММОЗ 
Rev. 2, March 1984 


823128 128K (16K x 8) Static ROM 
ABSOLUTE MAXIMUM RATINGS* 


*NOTE: Stresses above those listed under “Absolute Maximum 


Parameter Symbol Value Unit . - " 
У - Ratings” may cause permanent damage to the device. This is 
Supply Voltage Усс -0.5 to +7.0 | Мас a stress rating only and functional operation of the device at 
Input Voltage Vin –0.5 to +7.0 | Мас these or any other conditions above those indicated in the 
T- operational sections of this specification is not implied. Exposure 
t Volt —0. +7.0 |М : А » Н 
Output Voltage Vout 0.5 to +7.0 | Мос to absolute maximum rating conditions for extended periods 
Temperature under Bias | T4 °С may affect device reliability. 
Commercial —10 to +80 
Industrial —50 ta +95 
Storage Temperature Тетс —65 to + 150} °C 
----4 
Power Dissipation Pp | 1.0 уу 
DC CHARACTERISTICS 
Усс = 5.0У + 10%, T4 = 0°С to 70°C (unless otherwise specified) 
Symbol | Parameter Min Typ Units Test Conditions 
Мон Output HIGH Voltage 2.4 V | Усс = 4.5V, low = —400 дА 
A — - 
Vor Output LOW Voltage А V Voc = 4.5V, lp, = 3.3 mA 
Vin Input HIGH Voltage 2.0 V 
Vit Input LOW Voltage -0.5 У 
— = 
lu Input Load Current ҺА Усс = 5.5V, ОМ = Vin = 5.5V | 
lio Output Leakage Current T ҺА Усс = 5.5V, стр deselected 
Vout = +0.4V to Vec 
Ісс Power Supply Current, Active 20 mA Vec = 5.5V 
| в Power Supply Current, Standby 7.51 16 mA 
+ L | – 
Ci Input Capacitance! 7 pF Усс = 5.0V, chip deselected, pin 1 
А 1 under test at OV, T4 = 25°C 
Co Output Capacitance 10 pF 1-1 MHz 
Note: 
1. This parameter is periodically sampled and is not 100% tested. 
AC CHARACTERISTICS 
Veco = 5.0V + 10%, Ta = 0°C to 70°C (unless otherwise specified) 
R23128-25 R23128-3 
Symboi Parameter Min Max 
tavax Address Valid to Address Don't Care 250 4- 
tELEH | Chip Enable Low to Chip Enabie High 250 
tavav Address Valid to Output Valid (t4cc) (Access) 250 
terav Chip Enable Low to Output Valid (Access) 250 ns 
____ 
tavex Address Valid to Output (top) Invalid 10 ns 
шах Chip Enable Low to Output (tco) Invalid 10 ns 
tenaz Chip Enable High to Output High Z (оғ) 10 70 10 70 ns | 
} — 
teu Chip Selection to Power Up Time 1 0 0 ns 
tpp Chip Deselection to Power Down Time 100 100 ns 
| tavEL Address Valid to Chip Enable Low 0 0 ns 
terav Chip Select Low to Output Valid 10 902 10 902 ns 
tenez — Chip Select High to Output High 2 10 70? 10 702 ns 
Notes: _ _ 
1. Test Conditions: 3. б may be delayed up to tavov-terov after the falling edge of E 
Output load: 2 TTL loads and 100 pF without impact on taygy. Data is available at the О outputs after a 
Input transition time: 20 ns delay of ta, oy from the falling edge of б, provided that Е has been 
Timing reference levels: Input: 1.5V; Output: 0.8V, 2.0V low (№) and addresses have been valid for at least tayoy-tarov. 


2. Add 20 ns for extended temperature devices ( -40°C to +85°C). 4. tonoz and tenoz are specified from G or E, whichever occurs first. 
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823128 128K (16K x 8) Static ROM 


mm 
TIMING DIAGRAMS tavax 
ADDRESS 4 Ун 
READ CYCLE INPUTS M 


TIMING 1 
(E HELD LOW) 


Q (DATA OUT) DATA VALID 


—1] 


ADDRESS 
INPUTS 


ADDRESS VALID 


——————————— “шен 


- Ун 
Е (CHIP ENABLE) у 
iL 
READ CYCLE 
TIMING 2 
Q (DATA OUT) Von 
OL 
Усс SUPPLY (сс 
CURRENT lss 
---- ом 
6/51 CHIP SELECTS n 
(SHOWN ACTIVE LOW) (ACTIVE) 
TYPICAL CHARACTERISTICS 
SUPPLY CURRENT VS AMBIENT TEMPERATURE SUPPLY CURRENT VS SUPPLY VOLTAGE 


70 70 


60 


50 


40 


ke— mA 
Ісе--тТА 


30 


Standby Typical А 10 
o_o 


9% -30 0° 30° 60 90° 120° 150: ACCESS TIME VS AMBIENT TEMPERATURE 
700 


T4--Ambient Temperature—^C 


Усс — Volts 


600 


500 


400 


tacc—ns 


300 


—1 -4----- 


| +125°C 
200 — T 
» | 
ayo Усс = 50V 
100 
Те 2 TTL LOADS 
-T C, = 100 pF 


0 
-60° -30° 0 30° 60° 90% 120° 150° 


Ta—Ambient Temperature—°C 
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R23128 


PACKAGE DIMENSIONS 


28-PIN CERAMIC DIP 


__ (620) 


7 (590 


1078) (155) (065) 


(125) (015) 


128K (16K x 8) Static ROM 


28-PIN PLASTIC DIP 


АЛАЛЛАЛА _ 


PIN МО. 1 
e^ (DENT 


ЛАЛ) (160) 


_ (1.470) 


| pi по E zu 


AUREUS (015) 
ППТ 2 ja C00) E 198) 
"- (065) а | 
| (045) 4 |-- кі” (600) 
(085) - (023) 032 ВЕР (10) (150) (060) 
(065) (015) (090) (125) (020) 


(550) 
(530) 


LA 


(140) (610) 
22% pee (590) 


————— PORE 


R27C64P 
Memory Products 


6 % R27C64P 


Rockwell 64K (8K x 8) CMOS ONE-TIME PROM 


PRELIMINARY 
FEATURES DESCRIPTION 
® 8,192 x 8 organization The Rockwell R27C64P is an 8K x 8 (65,536 bits) one-time pro- 
® JEDEC approved pin-out grammable read-only-memory (PROM). It is manufactured using 
* Low Power CMOS technology for low power dissipation in both active and 


standby operating modes. Access times of 250 ns and 350 ns 


—Active 80 mW (тах.) is performance compatible with most 8-bit and 16-bit 


—Standby 525 „W (max.) 


microprocessors. 
* Access times: 250 ns and 350 ns (max.) 
* Single 5V power supply Initially, all bits are in the “1” state. Data is programmed by 
* Static operation, no clocks required applying 21V to Vpp a TTL low to E, and a 50 ms low pulse 


on P while the desired data is stable on 040-007 lines and 
the address is stable on A0-A12 lines. 


One-time programmable 


* TTL compatible inputs and tri-state outputs during both read 


and program mode The R27C64P is ideal for low-cost permanent memory applica- 


* Pin compatible with INTEL 2764А EPROM, Rockwell tions (program and/or data) in production runs requiring fast pro- 
R87C64 EPROM and R23C64 and R2364B ROMs. gramming turn-around either at the factory, distributor/dealer or 
user's facility. 


ORDERING INFORMATION 


1 
Part Number: R27C64P .. _ 2 
| 3 
Access Time: 4 
25 = 250 ns 5 
35 = 350 ns 
6 
7 
8 


MEMORY 
ARRAY 


COLUMN 
DECODERS R27C64P Pin Configuration 


[ t€ [ом | 
а — | 
ГР | este | 


R27C64P Block Diagram R27C64P Pin Names 


CONTROL 
LOGIC 


Document No. 29000M18 | Data Sheet Order Мо. ММ18 
March 1984 
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R27C64P 


ABSOLUTE MAXIMUM RATINGS* 


ЗЕ 
Parameter Symbol Value Unit 

Supply Voltage Усс -0.3 to +7.0 Vde 
Input Voltage Vin Vde 

All, except Vpp during 

Programming -0.3 to Vec +0.3 

Vpp during Programming —0.3 to +220 
Output Voltage Морт — 0.3 to Мес +0.3 | Мас 
Temperature under Bias Ta -10 to +80 °С 
Storage Temperature Тата – 40 to 125 °С 
Power Dissipation @ 25°C Р L 1.0 Ww 


OPERATING CONDITIONS 


Parameter Read Mode | Program Mode 
Усс Supply Voltage SV +5% | SV £59 
Мер Supply Voltage | 21У +0.5У 
Temperature Range 0 to 70°C | 0 to 70°C 


64K (8K x 8) CMOS OTP PROM 


*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may 
affect device reliability. 


DC OPERATING CHARACTERISTICS DURING READ 


Усс = 5.0V +5%, ТА = 


0°С to 70°C (unless otherwise specified) 


Min. 


Symbol Parameter Typ. Max Unit Test Conditions 

Von | Output High Voltage 2.4 = V | oy = 400 pA 
Vo. | Output Low Voltage = 0.45 V [м = 21mA — 
Vin Input High Voltage 20 Мес +03 | V | 
Vit Input Low Voltage -0.1 0.8 M 
lec: | Мос Standby Current | 100 | uA | E = чо, G = Vi, Ми = OV or Voc 
Јес» Vcc Active Current 15 mA |EsG-V B 
Ipp Vpp Current 100 Г рА Мрр = Voc тах. 
lin Input Leakage Current _| +10 aE ҺА Vin = OV to Veo. 
lo Output Leakage Current +10 pA Vout = OV to Усс 
С, Input Capacitance? 7 pF Voc = 5.0V, chip deselected, pin under test 
Co Output Capacitance? 10 pF Ere ue H 25°C 
Notes: 
1. Applies only to chip enable with power down standby mode. 
2. This parameter is periodically sampled and is not 100% tested. 

DC OPERATING CHARACTERISTICS DURING PROGRAMMING 

Voc = 5.0V %5%, Тл = 20°С to 30°C, Мр = 21.0У +0.5V 

Symbol | Parameter | Min Typ. Max | Unit Test Conditions 

ШЕТ | Input High Voltage | 2.0 Veo +03 | V | 
V, | Input Low Voltage -0.1 | ов | v 
loc Мос Active Current 0.5 mA =a = 
F ie Active Current | | | 30 | mA ROS Pap MAG Vin 
lin | Input Leakage Current | 10 pA Vin = OV to Veo 
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R27C64P 64K (8K x 8) CMOS OTP PROM 


AC CHARACTERISTICS DURING READ 
Усс = 5.0V = 5%, Ta = ФС to 70°C (unless otherwise specified) 


R27C64P -25 R27C64P-35 
Symbol Parameter Typ. | Max. | 


ті 
Il 
al 
| 
< 
= 


е m 
е ай 


taxax Address to Output Hold 
tenoz Chip Enable to High Impedance 
Notes: 


1. G may be delayed up to tavav-teav after the falling edge of E without impact on tavay. Data is available at the DQ outputs after a delay 
of tai oy from the falling edge of С, provided that E has been low (М) and addresses have been valid for at least tavav-taLav- 
2. tenaz and tgugz are specified from С or Е, whichever occurs first. 
3. Test Conditions: 
Output Load: 1 TTL gate and C, = 100 pF 
Input Rise and Fall Times: x20 ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Level: Inputs 1V and 2V 
Outputs 0.8V and 2V 


© 
о 
| 
tl 
< 
= 


READ TIMING DIAGRAM 


ADDRESSES 


5 oe а. и 


G (OUTPUT ENABLE) Nm — 
come GG е | 


ААА IME 
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А27С64Р | 64K (8K x 8) CMOS OTP PROM 


AC CHARACTERISTICS DURING PROGRAM 
Мес = 5.0V + 5%, ТА = 20°C to 30°C (unless otherwise specified) 


Parameter Typ. 


Address set-up time 


6 set-up time 


Data set-up time: 


E set-up time 


Vpp set-up time 
Data hold time 
Address hold time 
Output enable to data valid 


Output disable to output high impedance 


PE pulse width during programming 50 

Notes: 
Test Conditions: 

Output Load: 1 TTL gate and C, = 100 pF 

Input Rise and Fall Times: <20 ns 

Input Pulse Levels: 0.45V to 2.4V 

Timing Measurement Reference Level: inputs 1V and 2V 

Outputs 0.8V and 2V 
PROGRAM TIMING DIAGRAM 
PROGRAM 
—— PROGRAM VERIFY 


ADDRESSES 
ADDRESSES ALD 
(DATA) 
VALID 
OUTPUT INPUT р 
Vpp 
Усс 


Е (CHIP ENABLE) 


= р 
P (PROGRAM ENABLE) 


G (OUTPUT ENABLE) 
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R27C64P 


64K (8K x 8) CMOS OTP PROM 


OPERATING MODES 


The Rockwell R27C64P has five modes of operation (see 
table 1). 


Read Mode 


The read mode is governed by two control pins, E and G. In order 
to obtain data at the outputs, both E and G must be Му. E is 
the power control and should be used for device selection. G 
is the output control and should be used to gate data to the out- 
put pins. Valid data will appear on the output pins after Тдусу, 
Tg. ov OF Тогоу times, depending on which is limiting. 


Standby Mode 


The standby mode of the R27C64P reduces power dissipation. 
The R27C64P is placed in the standby mode by making 
Е = Vin. This is independent of G and automatically puts the 
outputs in their high impedance (High-Z) state. 


Program Mode 


The R27C64P is in the program mode when Vpp is at 21V with 
E input at Му. The data to be programmed is applied to the data 
output pins. When the address controls and data are stable, a 
50 msec program pulse is applied to the P input. 


Program Verify Mode 


A program verify should be performed on the programmed bits 
to determine that they were correctly programmed. The verify 
may be performed with Vpp at 21V. Data should be verified to 
су after the falling edge of G. 


Program Inhibit Mode 


The program inhibit mode allows programming several R27C64P 
EPROMs simultaneously with different data for each by using 
E to control which devices respond to the program pulse on P. 


Note: No Effect = No effect on selection/enable logic, however, no voltage other than logic levels shall be applied. 


Table 1. Mode Selection 
Pin E G P Vpp Усс 000-097 
(20) (22) (27) (1) (28) (11-13, 15-19) 

Mode 
Read Уһ Уһ Мн +5 +5 Оорт 
Ѕіапабу Мн Мо Енес! No Effect +5 +5 High-Z 
Program Vit No Effect Vit +21 +5 Din 
Program verity Vu Vit Мн +21 +5 Qour 
Program inhibit Vin No Effect No Effect +21 +5 High-Z 

№ Program inhibit No Effect No Effect Vin +21 +5 High-Z 


R27C64P 


64K (8K x 8) CMOS OTP PROM 


PACKAGE DIMENSIONS 


28-PIN CERDIP 


NOTE: EITHER ROUND OR SQUARE UV WINDOW. 


INCHES 
MIN MAX 


1.430 1.470 
0510 0.530 
0.145 0.165 
0.0°6 0.020 
0.050 | 0.060 


0.100 BSC 


0.008 0.012 


0.008 0.012 
0.125 0.165 


0.635 0.685 


2 = гс сом > 


R87C32 


Memory Products 


% % R87C32 


Rockwell 32K (4K x 8) CMOS UV EPROM 


PRELIMINARY 
FEATURES DESCRIPTION 
® 4096 x 8 organization The Rockwell R87C32 is a 4K x 8 (32,768 bits) ultraviolet (UV) 
• ЈЕРЕС approved pin-out light erasable programmable read-only-memory (EPROM). It is 


manufactured using CMOS technology for low power dissipa- 


* Low Powe 
а Е ji id tion in both active and standby operating modes. Single 5V 
Active; 132 mW (max) operation allows simple circuit design in runtime environments. 
—Standby: 525 „W (тах.) 
* Access times: 350 ns, 450 ns and 550 ns (max.) Initially, all bits are in the “1” state. Programming is performed 
* Single 5V power supply by applying 21V to G/Vpp and a 50 ms low level pulse to E while 


the desired data is stable on DQO-DQ7 lines and the address 
is stable on А0-А11 lines. All bits may be erased to the “1” state 
by exposure to a UV light source through the transparent win- 
dow on the top of the device package. 


Static operation, no clocks required 

Inputs and tri-state outputs TTL compatible during both read 

and program mode 

* Pin compatible with INTEL 2732A EPROM and Rockwell 

R2332B ROM. The R87C32 EPROM is ideal for system development or low 

volume production applications requiring non-volatile memory 
in either multiple chip or single chip microcomputers with 

ORDERING INFORMATION extended bus configurations. The low power requirements 

especially support applications using the R65C00 CMOS 

Part Number: R87C32 — — Microcomputer device family. 


L_ Access Time: 


350 ns 
450 ns 
550 ns 


1 
2 
3 
4 
5 
6 
7 
8 


МЕМОЯУ 
А4-А11 E> ARRAY 


COLUMN 
GATING 


R87C32 Pin Configuration 


A0-A11 | ADDRESSES 
CHIP ENABLE 
OUTPUT ENABLE/PROGRAM 


090-007 DATA INPUT/OUTPUT 


000-007 


R87C32 Block Diagram R87C32 Pin Names 


Document No. 29000M04 Data Sheet Order Мо. ММ04 


Rev. 3, March 1984 
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ABSOLUTE MAXIMUM RATINGS* 
Parameter Symbol Value Unit 
Supply Voltage ___ Мес —0.3 to +7.0 Мас 
при Voltage Vin Vde 
All, except Vpp during 
Programming — 0.3 to Мес +0.3 
Мрр during Programming -0.3 to +22.0 
Output Voltage Vout | -0.310 Vec +0.3 | Мас 
Temperature under Bias | TA – 1010 +80 °С 
Storage Temperature Тете —40 to 125 °C 
Power Dissipation @ 25°C Р 1.0 үү 


OPERATING CONDITIONS 


Parameter | Веад Моде | Ргодгат Моде 
Voc Supply Voltage 5V +5% 5V +5% 
Vpp Supply Voltage 21V +0.5V 
Temperature Range 0 to 70°C 0 to 70°C 


32K (4K x 8) CMOS UV EPROM 


*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may 
affect device reliability. 


DC OPERATING CHARACTERISTICS DURING READ 


Vcc = 5.0V +5%, Ta = 0°C to 70°C (unless otherwise specified) 


== = 
бутрді Parameter Min. Typ. Max Unit Test Conditions 
Vou Output High Voltage 2.4 — M Іон = -400 4A 
VoL Output Low Voltage -- 0.45 V | top = 2.1 mA 
Бақы; ЛЕ тоа a e e _ 4 
Vin input High Voltage 2.0 Veco +0.3 M x 
Vie Input Low Voltage -01 0.8 V 
loc: Voc Active Current Г Е-бе-У, 
TTL Level Address Inputs 2 10 MA | Vin = Vin or Vit 
Frequency = t MHz, МО = 0 mA 1 
Е-б-м 
CMOS Level Address Inputs 1 7 mA | Vin = GND or Усс 
Frequency = 1 MHz, /О = ОтА 
"UEM HERES zl — zs 
Іссг Voc Standby Current Е = Vin 
TTL Level Chip Enable 0.1 1 mA 
CMOS Level Chip Enable 10 100 pA | E = Усс 
Ipp Мер Supply Current 30 mA | E = Vy, G/Vpp = Мрр 
in Input Leakage Current +10 ҺА 1 Vin = OV to Усс 
lo Output Leakage Current +10 ҺА | Моџт = OV to Усс 
C, Input Capacitance’ 7 pF | Усс = 5.0%, стр deselected, pin under test 
Co Output Capacitance! 10 pF | at OV, Ta = 25°C 
f = 1 MHz 
Notes: 
1. This parameter is periodically sampled and is not 100% tested. 


DC OPERATING CHARACTERISTICS DURING PROGRAM 


Voc = 5.0V +5%, Ta = - 20°С to 30°C, Мрр = 21.0V +0.5У 


| Symbol | Parameter Min. | Тур. Мах | Unit | Test Conditions | 
| Мн | input High Voltage 2.0 Ме | V | | | 
Vir Input Low Voltage -0.1 0.8 | у 
lec Усс Active Current | = 25 | mA | Е = Моб = 21V | 
log Vpp Active Current | = 30 mA | E = V, G = 21V 
lin | input Leakage Current | 10 | uA Vin = OV to Усс 


R87C32 32K (4K x 8) CMOS UV EPROM 


AC CHARACTERISTICS DURING READ 
Voc = 5.0V +5%, T, = 09С to 70°C (unless otherwise specified) 


"p R87C32-35 R87C32-45 R87C32-55 
Symbol Parameter Min. Max. Min. Max. Min. Max Unit Test Conditions | 
tavav Address to Data Valid 350 450 | 550 ns Е- б = м 
t Chip Enable to Data Valid 350 450 550 ns G = № 
ELQV = EJ 
tarav? Output Enable to Data Valid 120 120 120 ns Е = Vi 
H -+ T d а; T 
tenaz? Output Enable to High Impedance 9 100 0 100 0 100 ns Е = Уһ 
T - м 
{ахах Address to Output Hold 0 0 0 ns Е=га= Vu 
fenoz Chip Enable to High Impedance 9 100 9 100 9 100 ns | а = Vir 


Notes: 
1. Test Conditions 

Output Load: 1 TTL gate and С, = 100 pF 

Input Rise and Fall Times: <20 ns 

Input Pulse Levels: 0.45У to 2.4V 

Timing Measurement Reference Level: Inputs 1V and: 2V 

Outputs 0.8V and 2V 

2. б may be delayed up to tavav - torov after the falling edge of Е without impact on taygy- Data is available at the DQ outputs after 

a delay of ta ay from the falling edge of G, provided that E has been low (Му) and addresses have been valid for at least {дусу ~ tarav- 
3. tauaz: ‘ног are specified from G or E, whichever occurs first. 


READ TIMING DIAGRAM 


ADDRESSES 


ADDRESSES 
VALID 


= 


MAAN 


E (CHIP ENABLE) 


5 (OUTPUT ENABLE) 


HIGH Z 
000-007 


(DATA) 


ANE: 
2223 


tavav taxax 
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R87C32 32K (4K x 8) CMOS UV EPROM 


AC CHARACTERISTICS DURING PROGRAM 
Voc = 5.0V +5%, Ta = 20°C to 30°C (unless otherwise specified) 


| Symbol Parameter Min. 
tavEL Address set-up time 2 
toner G set-up time 2 
tover Data set-up time 2 
1ЕНАХ Address hold time 0 
tenet G hold time 2 
{Енох Data hold time 2 
tenaz Output disable to output Hi-Z delay 0 
leidy Data valid from Е 
ЕН Е pulse width during programming 45 
ter G pulse rise time during programming 50 
teret Vpp recovery time 2 
Notes: 
Test Conditions: 
Output Load: 1 TTL gate and С, = 100 pF 
Input Rise and Fall Times: =20 ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Level: Inputs 1V and 2V 
Outputs 0.8V and 2V 


PROGRAM TIMING DIAGRAM 


PROGRAM 


—— — PROGRAM 


VERIFY 
ADDRESSES 
ADDRESSES VALID 
м —— 


уен e 


DQO-DQ7 
Іуеу 
бре {оне 
tpp === |= 


Е NES 
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R87C32 


32K (4K x 8) CMOS UV EPROM 


OPERATING MODES 


The Rockwell R87C32 has five modes of operation (see table 1) 
and is pin compatible with Intel's 2732A. 


READ MODE 


The read mode is governed by two control pins, E and G. In order 
to obtain data at the outputs, both E and G must be Vi. E is 
the power control and should be used for device selection. G is 
the output control and should be used to gate data to the out- 
put pins. Valid data will appear on the output pins after Тусу, 
Тогоу Or Tetov times, depending on which is limiting. 


STANDBY MODE 


The standby mode of the R87C32 reduces power dissipation. 
The R87C32 is placed in the standby mode by making E = Мн. 
This is independent of G and automatically puts the outputs in 
their high impedance (High-Z) state. 


PROGRAM MODE 


The R87C32 is in the program mode when G/Vpp is at 21V. The 
data to be programmed is applied to the data output pins. When 
the address controls and data are stable, a 50 msec program 
pulse is applied to the E input. 


PROGRAM VERIFY MODE 


A program verify should be performed on the programmed bits 
to determine that they were correctly programmed. The verify 
may be performed with G/Vpp and Е at ү. Data should be 
verified to tg; оу after the falling edge of E. 


PROGRAM INHIBIT MODE 


The program inhibit mode allows programming several R87 C32 
EPROMs simultaneously with different data for each by using 
E to control which devices respond to the program pulse on E. 


Table 1. Mode Selectlon 
Pin Vcc рао-рат 
(24) (9-11, 13-17) 

Моде 

Read +5 Dour 
Standby +5 High-Z 
Program Din 
Program verify Vit T Dout 
Program inhibit Мн + High-Z 


Note: Мо Effect = No effect on selection/er:able logic, however, no voltage other than logic levels shail be applied. 


ERASURE PROCEDURE 


Initially, and after each erasure by ultraviolet light, all bits of the 
R87C32 аге in the 1” state. In Program Mode, “0”5 are selec- 
tively programmed into the desired bit locations. The only way 
to change а “0” to a “1” is by ultra-violet light erasure. 


The recommended erasure procedure for the R87C32 is 
exposure to ultra-voilet light wqhich has a wavelength of 
2537 Angstroms. 
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The integrated dose for erasure should be a minimum of 
15 W-sec/cm2. The erasure time with this dosage is 20 minutes 
using an ultraviolet lamp with a 12000 uW/cm? power rating. 


Caution 


The erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms. 
Sunlight and certain types of fluorescent lamps have 
wavelengths in the 3000-4000 Angstroms range. 


R87C32 32K (4K x 8) CMOS UV EPROM 


PACKAGE DIMENSIONS 
24-РІМ CERDIP 


0.520 = 0.010 
ШЕ 21 x 0.25) 
~io o 0.155 + 0.010 zm] 
"(31.75 = мю oo ms 94 x 0,25) (15.49 > 5 
0.010 = 0.002 
(0.25 x 0.05) 
ETE 125 MIN. 
a 0.02 бай бй! ІІ. (3.17) 0.660 + 0.025 
(1.01 = 0.50) (2,54 + 0.25) (0.45 = 0.05) | ase = 0.64) 
0.055 = 0.005 
{1.39 + 0,13) 


DIMENSIONS ІМ INCHES AND (MILLIMETERS) 


и и. 
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6% 


Rockwell 


R87C64 


Memory Products 


R87C64 


64K (8K x 8) CMOS UV EPROM 


PRELIMINARY 


FEATURES 


® 8,192 x 8 organization 
® JEDEC approved pin-out 


• Low Power 
—Active 80 mW (тах.) 
—Standby 525 „W (тах.) 


® Access times: 250 ns and 350 ns (max.) 


Single 5V power supply 


Static operation, no clocks required 


• TTL compatible inputs and tri-state outputs during both read 
and program mode 


• Pin compatible with INTEL 2764A EPROM and Rockwell 
Н23С64 and R2364B ROMs. 


ORDERING INFORMATION 


Part Number: R87C64 — — 


| Access Time: 
25 = 250 ns 
35 = 350 ns 


MEMORY 
ARRAY 


COLUMN COLUMN 
DECODERS GATING 


contro. | -----» 
ес Г 


R87C64 Block Diagram 


DESCRIPTION 


The Rockwell R87C64 is an 8K x 8 (65,536 bits) ultraviolet (UV) 
light erasable programmable read-only-memory (EPROM). It is 
manufactured using CMOS technology for low power dissipa- 
tion in both active and standby operating modes. 


Initially, and also after erasure, all bits are in the 41” state. Data 
is programmed by applying 21У to Vpp a TTL low to Е, and a 
50 ms low pulse on P while the desired data is stable on 
000-007 lines and the address is stable on А0-А12 lines. All 
bits may be erased to the ''1””' state by exposure to a UV light 
source through the transparent window on the top of the device 
package. 


The R87C64 EPROM is ideal for system development or produc- 
tion applications requiring non-volatile memory in either multiple 
chip or single chip microcomputers with extended bus configura- 
tions. The low power requirements especially support applica- 
tions using the R65CO0 CMOS Microcomputer device family. 


МРР 1 vec 
A12 2 Р 
А7 3 NC 
A6 4 A8 
A5 5 A9 
А4 6 А11 
АЗ 7 с 
А2 8 А10 
А 9 Е 
А0 рат 
рао рав 
pai 005 
902 004 
смо поз 


R87C64 Pin Configuration 


А0-А12 ADDRESSES 


060-207 DATA INPUT/OUTPUT 


R87C64 Pin Names 


Document No. 29000M09 


Data Sheet Order №. ММО9 
Rev. 1, March 1984 


R87C64 


ABSOLUTE MAXIMUM RATINGS” 


Parameter Symbol | Value Unit 

Supply Voltage Vec — 0.3 to +7.0 Мас 
Input Voltage Vin Vde 

All, except Vpp during 

Programming -0.3 to Мос +0.3 

Vpp during Programming -0.3 to +220 
Output Voltage Vout | -0.3 to Мес +0.3 | Мас 
Temperature under Bias ТА -10 to +80 °С 
Storage Temperature Тете -40 to 125 °С 
Power Dissipation @ 25°C Р 1.0 уу 


OPERATING CONDITIONS 


Parameter Read Mode Program Mode 
Усс Supply Voltage 5V +5% 5V +5% 
Vpp Supply Voltage 21V +0.5V 
Temperature Range 0 to 70°C 0 to 70°C 


64K (8K x 8) CMOS UV EPROM 


*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may 
affect device reliability. 


DC OPERATING CHARACTERISTICS DURING READ 


Voc = 5.0V +5%, Тл = 0°C to 70°C (unless otherwise specified) 
Symbol 1 Parameter Min. Typ. | Мах | Unit Test Conditions 

Мон Output High Voltage 2.4 - V lou = -400 pA 
Vo. | Output Low Voltage - 0.45 у Гю =21тА — | 
Vin Input High Voltage 2.0 | Ме +03 | v | 
Vie Input Low Voltage | -0.1 0.8 V 7 
сез Voc Standby Current | 100 | А | Е = Мо 6 = Vin Vin = OV ог Voc 
сег | Vec Active Current | 5 та | Е-@-м _ | 
lpp Vpp Current 100 ҺА Мыр = Voc max. 
Ін Input Leakage Current 1 +10 uA | Vi = OV fo Voc | 
lo Output Leakage Current +10 ҺА Vout = OV to Ve 
C, Input Capacitance? | 7 pF | Усс = 50V, стр deselected, pin under test 
Co Output Capacitance? | 10 pF ar ov. VAI 25°C 
Notes: 7 | 
1. Applies only to стр enable with power down standby mode. 
2. This parameter is periodically sampled and is not 100% tested. 

DC OPERATING CHARACTERISTICS DURING PROGRAMMING 

Мес = 5.0V +5%, T, = 20°C to 30°C, Мрр = 21.0V +0.5V 

Symbol Parameter | Міп. | Тур. Мах Unit Test Conditions 

Мін Input High Voltage | 2.0 | Г Усс +0.3 V 1 
Vit Input Low Voltage | —0.1 | 0.8 У 7 | 

| loc Voc Active Current | 0.5 тА | Е-Р-М, s. " 
lpp | Мрр Active Current | 30 mA _ 
lN Input Leakage Current | | 10 ҺА Vin = OV to Усс. 
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R87C64 64K (8K x 8) CMOS UV EPROM 


AC CHARACTERISTICS DURING READ 
Veco = 5.0V + 5%, Ta = 0°С to 70°C (unless otherwise specified) 


тат ЕРЕСИ БЕН ПО [9 [Lom E] 
na? | Cup Eats on pean [0 БЕН ЕСЕ || | пе | [| Е: 
Chip Enable to High Impedance | o | | | о | _| o | ns | $-v 


Notes: 
1. G may be delayed up to tavav-tetav after the falling edge of E without impact on ідуоу. Data is available at the DQ outputs after a delay 
of tai oy from the falling edge of б, provided that Е has been low (Vi) and addresses have been valid for at least tayay—tetav- 

2. tenoz and tguoz are specified from G or E, whichever occurs first. 
3. Test Conditions: 

Output Load: 1 TTL gate and C, = 100 pF 

Input Rise and Fall Times: x20 ns 

Input Pulse Levels: 0.45V to 2.4V 

Timing Measurement Reference Level: Inputs 1V and 2V 
Outputs 0.8V and 2V 


READ TIMING DIAGRAM 


ADDRESSES 


Е шыныны; A 


G (OUTPUT ENABLE) NB -—- 
om GE «=== | у 


ЗА ТУЛ! 
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R87C64 64K (8K x 8) CMOS UV EPROM 


AC CHARACTERISTICS DURING PROGRAM 
Vcc = 5.0V + 5%, Ta = 20°C to 30°C (unless otherwise specified) 


Parameter Typ. Max. 


Address set-up time 


G set-up time 


Data set-up time 
E set-up time 
Уре set-up time 
Data hold time 


Address hold time 


Output enable to data valid 120 
Output disable to output high impedance 100 
PE pulse width during programming 50 55 
Notes: 
Test Conditions: 
Output Load: 1 TTL gate and C, = 100 pF 
(при! Rise and Fall Times: =20 ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Level: Inputs 1V and 2V 
Outputs 0.8V and 2V 
PROGRAM TIMING DIAGRAM 
PROGRAM 
€— 21 = =: 
РВОСВАМ VERIFY 
ADDRESSES Е 
ADDRESSES VALID 
lavet = ——laHax 
(DATA) VALID 
OUTPUT OUTPUT 
Бру —licnoz 
Vpp 
Усс 


tyHeL 


E (CHIP ENABLE) 
tee 


P (PROGRAM ENABLE) 


G (OUTPUT ENABLE) / 
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R87C64 


OPERATING MODES 


The Rockwell R87C64 has five modes of operation (see table 1). 


Read Mode 


The read mode is governed by two control pins, E and G. In order 
to obtain data at the outputs, both E and С must be Му. Е is 
the power control and should be used for device selection. G 
is the output control and should be used to gate data to the out- 
put pins. Valid data will appear on the output pins after Tavov; 
ТЕ ov ог Тогоу times, depending on which is limiting. 


Standby Mode 


The standby mode of the R87C64 reduces power dissipation. 
The R87C64 is placed in the standby mode by making E = Мн. 
This is independent of G and automatically puts the outputs in 
their high impedance (High-Z) state. 


64K (8K x 8) CMOS UV EPROM 


Program Mode 


The R87C64 is in the program mode when Vpp is at 21V with 
E input at Ми. The data to be programmed is applied to the data 
output pins. When the address controls and data are stable, a 
50 msec program pulse is applied to the P input. 


Program Verify Mode 


A program verify should be performed on the programmed bits 
to determine that they were correctly programmed. The verify 
may be performed with Мрр at 21V. Data should be verified to 
оу after the falling edge of G. 


Program inhibit Mode 


The program inhibit mode allows programming several R87C64 
ЕРАОМ$ simultaneously with different data for each by using 
E to control which devices respond to the program pulse on P. 


Table 1. Mode Selection 
Pin | É 6 Р Ver Мос DQ0-DQ7 
(20) (22) (27) (1) (28) (11-13, 15-19) 
Mode 
4 
Read Vir Уһ Мн +5 +5 Оорт 
Standby Vie No Effect No Effect +5 +5 High-Z 
Program Vit No Effect Vit +21 +5 Din 
Program verify Vit Vit Ун +21 Г +5 Qour 
Program inhibit Vin No Effect No Effect +21 +5 High-Z 
Ргодгат inhibit No Effect No Effect Мн +21 +5 High-Z 


Note: No Effect = No effect on selection/enable logic, however, no voltage other than logic levels shall be applied. 


ERASURE PROCEDURE 


Initially, and after each erasure by ultraviolet light, all bits of the 
R87C64 are in the “1” state. In Program Mode, ‘‘0’’s are selec- 
tively programmed into the desired bit locations. The only way 
to change a "0" to a “1” is by ultra-violet light erasure. 


The recommended erasure procedure for the R87C64 is 
exposure to ultra-violet light which has a wavelength of 
2537 Angstroms. 


The integrated dose for erasure should be a minimum of 
15 W-sec/cm2. The erasure time with this dosage is 20 minutes 
using an ultraviolet lamp with a 12000 uW/cm? power rating. 


Caution 


The erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms. 
Sunlight and certain types of fluorescent lamps have 
wavelengths in the 3000-4000 Angstroms range. 


R87C64 64K (8K x 8) CMOS UV EPROM 


PACKAGE DIMENSIONS 


MILLIMETERS INCHES 


28-PIN CERDIP 


0.100 BSC 


pus 
ili 
Bui 


NOTE: EITHER ROUND OR SQUARE UV WINDOW. 


2% 


Rockwell 


R5213/2816 


Memory Products 


R5213/2816 
16K (2K x 8) ELECTRICALLY ERASABLE ROM 


PRELIMINARY 
FEATURES 
* 2K x 8, 2048 x 8 organization DUAL ROW DECODERS 
° р wW АИ COLUMN DECODERS 


Single БУ + 10% supply 

TTL or high voltage byte erase/byte write 
* 9 ms or 1 ms byte erase/byte write 

* 10,000 erase/write cycles per byte 

* Chip clear 

* Access time: 350 ns (max.) 

Infinite number of read cycles 

JEDEC Approved pinout 


Pin and 2816A EEPROMs compatible with Seeq 5213, 
Intel 2816 


ORDERING INFORMATION 


Part Number: 
85213 ____ 
Раскаде: 
CERDIP 


Access Time: 
25 = 250 ns 
35 = 350 ns 


Model 
No Letter = 9 ms Byte Write/Erase 
H = 1 ms Byte Write/Erase 


DESCRIPTION 


The Rockwell R5213/2816 is a 2K x 8 (16,384 bits), 5V elec- 
trically erasable Read-Only Memory (EEROM). Data is electri- 
cally written either by a TTL pulse or a voltage between 15V 
and 22V on the Write Enable pin. Once written—this requires 
less than 10 milliseconds—there is no limit to the number of 
read cycles. A byte erase as well as a chip clear mode is avail- 
able. Each byte may be erased and written 10,000 times. The 
erasure time, in either a byte erase or chip clear mode, is less 
than 10 milliseconds. 


The Н5213 is ideal for applications requiring a nonvolatile 
memory with in-system write and erase capability. These fea- 
tures make possible dynamic reconfiguration, i.e., operating 
Software is altered іп real time. Possible applications are instru- 
ment/machine self calibration, programmable character gener- 
ators, table look-up updates over telephone lines, and controlling 
automotive fuel/air ratio. Designing the R5213 into 8- and 16-bit 
microprocessor systems is also simplified since the typical 
access time is less than 250 ns, allowing zero wait state 
operation. 


CIRCUIT МО BUFFERS 


MEMORY 
ARRAY 


COLUMN 

GATING 
CONTROL vo 

LOGIC max BUFFERS 


А4-А10 СУ DECODERS 


COLUMN 
Ао-АЗ > DECODERS 


mot 


W (VPP) WRITE ENABLE 


000-007 DATA INPUT (WRITE OR ERASE) 
DATA OUTPUT (READ) 


Document No. 29000M01 


Data Sheet Order Мо. ММ01 
Rev. 2, March 1984 


R5213/2816 


ABSOLUTE MAXIMUM RATINGS* 


W Level During Writing/ Vw 
Erasing 

W Max. Duration at 22V tw 
During W/E Inhibit 

DC CHARACTERISTICS 


Veco = 5.0V + 10%, T4 = 0°C to 70°C (unless otherwise specified) 


Parameter 


Value 
—0.5 to +7.0 
-0.5 to +7.0 
—0.5 № +7.0 
-10 to +80 


—65 to +100 
—0.5 to +22.0 


Input Leakage Current 


Output Leakage Current 


Write Enable Leakage 
Read Mode 


W/E Mode—TTL 
WIE Mode—High Voltage | 
W/E inhibit Mode—High Voltage 
‘Chip Clear Mode—TTL 
Chip Clear Mode-—High Voltage 


lw 


Ісез Vcc Standby Current 


Іссг Усс Active Current 
input Low Voltage (DC) 


М (АС 


Input Low Voltage (AC) 
Input High Voltage 
W Read Voltage 


W Write/Erase Voltage 
-TTL Mode 


<< < 
= ј= је |2 
© 
OQ 


-High Voltage Mode 


« 
o 
= 


Output Low Voltage 
Output High Voltage 
G Chip Clear Voltage 


| 
о о 
І 


O 
= 


Input Capacitance 


Output Capacitance? 


D 


© 
816 


Усс Capacitance?! 


9 
< 


= 


Vw Capacitance’?! 


Notes: 


16K (2K х 8) EEROM 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


OPERATING CONDITIONS 


Pararneter All Modes 
Voc Supply Voltage 5V + 10% 
Temperature Range Oto 70°C 


Test Conditions!” 
Vin = Veo Max. 


Vout = Vcc Мах. 


Time = 10 ns 


Voc = 5.0V, chip deselected, pin 
under test at ОМ, Тл = 25°C, f = 


1. Test Conditions: Output Load: 1 TTL gate and C, = 100 pF; input Rise and Fall Times: = 20 ns; input Puise Levels: 0.45У to 2.4V; Timing 


Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V 
2. Typical values are for T4 = 25*C and Vcc = 5.0V. 
3. This parameter is periodically sampled and is not 100% tested. 
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А5213/2816 16K (2K x 8) ЕЕНОМ 


AC CHARACTERISTICS DURING READ 


Parameter | Min. | Тур. | Test Conditions" 


mi 

[о] 
< 

F 


mi| mij су 
" І || 


m 
1 
Ol 
[ 
= 
Е 


Output Hold from Address, Chip Enabie, 


or Output Enabie, whichever Transition 
Occurred First i 


Notes: 
1. Test Conditons: Output Load: 1 TTL gate and С, = 100 pF; input Rise and Ға! Times: «20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Levei: inputs: 1V and 2V, Outputs: 0.8V and 2V 
2. G may be delayed up to tavav7latov after the failing edge of E without impact on (дусу. Data is availabie at the DQ outputs after a deiay 
Of ta, ay from the failing edge of С, provided that E has been iow (V) and addresses have been valid for at least tavav-tarav- 
3. tenaz: (аног is Specified from G or E whichever occurs first. 
. Ali timing units in nanoseconds (ns). 


READ TIMING DIAGRAM 


ADDRESSES 


ADDRESSES 
VALID 


Е 


К VALID OUTPUT 


о! 


OUTPUT 


4.43 


R5213/2816 16K (2K х 8) EEROM 
AC CHARACTERISTICS DURING WRITE/ERASE 


10,000 


Parameter 


Maximum Endurance 
Address to W Set-Up Time 
E to W Set-Up Time 
Data to W Set-Up Time 


Write Enable Pulse Width 
А5213 


А5213Н 
Write Recovery Time 


G Write/Erase Set-Up Time 
G Write/Erase Hold Time 
Vw Fall Time 


cycles/byte 


. Maximum endurance, Q, is the number of write and erase cycles/byte. 
2. іннен (min) = 50 ns when in the High Voltage W/E Mode only. When in the TTL W/E Mode, ћунен (min) = 700 ns. 
3. ter applies only when in the High Voltage W/E Mode. 

4. Test Conditions: Output Load: 1 TTL gate and C, = 100 pF; Input Rise and Fall Times: < 20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V 


BYTE ERASE OR BYTE WRITE TIMING DIAGRAM 


ADDRESSES ADDRESSES VALID 


HIGH Z 
DQ0-DO7 DATA VALID ------- 
(WRITE) 
DQ0-DO7 HIGH Z 
(ERASE) — lwnax SEDIS 
в МО ЕЕРЕСТ МО ЕРЕЕСТ 
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R5213/2816 16K (2Kx8) EEROM 


CHIP ERASE TIMING 


al 


ЕЗ 


090-007 


R5213/2816 


DEVICE OPERATION 


The Rockwell R5213/2816 has six modes of operation (see 
Table 1) and except for the chip clear mode it requires only TTL 
inputs to operate these modes. 


To write a particular location of the R5213, that byte must first 
be erased. A memory location is erased by enabling the R5213 
with Chip Enable at a TTL low, bringing Write Enable to a TTL 
low while Output Enable is a TTL high, and TTL highs (logical 
1's) are being presented to all the VO lines. The erase operation 
requires 9 ms. A write operation is the same as an erase except 
true data is presented to the I/O lines. 


The R5213 is compatible to prior generation EEROMs which 
required a high voltage V pp for writing and erasing. In the R5213 
there is an internal dual level detection circuit which allows either 
a TTL low or 21V Vpp to be applied to W to execute an erase 
or write operation. The 85213 specifies no restriction on the 
rising edge of Vpp. 


For certain applications, the user may wish to erase the entire 
memory. A chip clear is performed in the same manner as a 
byte erase except that Output Enable is between 14V and 22V. 
All 2K bytes are erased in less than 10 ms. 


Table 1. Mode Selection (Усс = 5V = 1096) 


Table 1. 


Note: 
1. W may be from Ми to 6V in the read and standby mode. 


No Effect 
No Effect 


2. W may be at V, (TTL W/E Mode) or from 15V to 22V (High Voltage W/E Mode) in the byte erase, byte write, or chip clear mode. 
3. No Effect = No effect on selection/enable logic, however, no voltage greater than logic levels shali be applied. 
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16K (2K x 8) EEROM 


A characteristic of all EEROMs is that the total number of write 
and erase cycles is not unlimited. The R5213 has been designed 
for applications requiring up to 10,000 write and erase cycles 
per byte. The write and erase cycling characteristic is com- 
pletely byte independent. Adjacent bytes are not affected during 
write/erase cycling. 


After the device is written, data is read by applying a TTL high 
to W, enabling the chip, and enabling the outputs. Data is avail- 
able tevav time after Chip Enable is applied or tavav time from 
the addresses. System power may be reduced by placing the 
R5213 into a standby mode. Raising Chip Enable to a TTL high 
will reduce the active power by over 60%. 


COMPATIBILITY 


The R5213/2816 is 100% compatible with the Seeq 5213 and 
the Intel 2816A and, except for the М (а Chip Erase Voltage), 
is also 100% backward compatible to the Intel 2816 which 
requires high voltage for byte erase/write. 


Mode Selection 


090-007 
(9-11, 13-17) 


Мо Енес! 


Н5213/2816 


16К (2К х 8) ЕЕВОМ 


POWER UP/DOWN CONSIDERATIONS 


Care must be taken to prevent an unintentional write (or erase) 
cycle during power-up or power-down. These cycles can be 
prevented by applying a signal level of Мн to W (pin 21) when- 
ever Voc is greater than 2.75 volts. When Voc is 2.75 volts or 
less, the device cannot perform a write (or erase) cycle. 


Figure 1 shows а suggested circuit which can be used for power- 
up or power-down conditions. The power supply used for the 
470 ohm pull-up resistor should be the same supply used for 


the R5213 Vcc. When this Усс is outside the normal operating 
range (4.5 to 5.5 volts), the system power status signal (shown 
in Figure 1) should be low. Under these conditions, the open 
collector NAND gate and the 470 ohm resistor protect against 
an unintentional write (or erase). 


470 OHM 
(+5%) 


POWER 
STATUS 


cc 


EE Men 


Figure 1. 
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Typical Power Monitor Circuit 


R5213/2816 16K (2K x 8) EEROM 


PACKAGE DIMENSIONS 


24-PIN CERDIP 


0.557 = 0.042 
ЕЗ 15 = 1.07) 


н 0.160 = 0.02 0.610 + 0.01 

Т (82.00 + 0. 8-і ENS 06 + 0.50) (15.49 = 0.25) 
0.010 + 0.002 
(0.25 > 0.05) 


9.125 WES 
M КЫ ІТ. (3.17) 0.660 = 0.04 
(1.01 + 0.50) (2.54 + 0.25) (0.45 + 0.05) (16.76 = 1.01) 


0.055 = 0.008 
(1.39 + 0.20) 


DIMENSIONS ІМ INCHES AND (MILLIMETERS) 


2% 


Rockwell 


R52B33 


Memory Products 


R52B33 


64K (8K x 8) ELECTRICALLY ERASABLE ROM 


FEATURES 


Input latches 

® 8192 x 8 organization 

Single 5V + 10% supply 

* TTL byte erase/byte wtite 

* 9 ms byte erase/byte write 

* 10,000 erase/write cycles per byte 

е Chip clear 

* Fast access times: 200 ns, 250 ns, 300 ns 
and 350 ns (тах.) 

Infinite number of read cycles 

* JEDEC approved pinout 

Pin compatible With Seeq 52833 EEPROM 


ORDERING INFORMATION 


Part Number: 
852833 ____ 


— 
Раскаде: 
CERDIP 


Access Time: 
2 = 200ns 
25 = 250 ns 
3 = 300 ns 
35 = 350 пз 


Моде! 
No Letter 


9 ms Byte Write/Erase 
H = 1 ms Byte Write/Erase 


DESCRIPTION 


The Rockwell R52B33 is a 64K (8192 x 8 bits) 5 volt electrically 
erasable read-only-memory (EEROM). The device operate on 
5 volt TTL levels in the read, write and erase modes. The 
R52B33 also has a chip clear mode in which the entire memory 
is erased in a single erase cycle. The device performs chip clear 
with a TTL high level signal applied to G and a TTL low level 
applied to CC. The erasure time for both chip clear and byte 
erasure is under 10 ms. 


Data, addresses, E, СС, and G are latched on the leading edge 
of W. The system controller needs only to maintain the W signal 
during the erase/write cycle after the latches are activated. 
Once written, which requires under 10 ms, there is no limit to 
the number of times that the data may be read. Each byte may 
be erased and written at least 10,000 times. 


Document No. 29000M15 
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The R52B33 is ideal for applications requiring a nonvolatile 
memory with in-system write and erase capability. These fea- 
tures make possible dynamic reconfiguration, i.e., operating 
Software is altered in real time. Possible applications are instru- 
ment/machine self calibration, programmable character gener- 
ators, table look-up updates over telephone lines, and controlling 
automotive fuel/air ratio. 


ROW 
k ADDRESS> қылады 
ы DECODE H 


WRITE/ERASE 
ENABLE 


090-007 
R52B33 Block Diagram 
сс 1 vec 
А12 2 м 
AT 3 NC 
AG 4: АВ 
А5 5 А9 
А4 6 А11 
АЗ 7 © 
А2 8 А10 
А1 9 Е 
AO 10 19 рат 
pao 11 18 ров 
pai 12 17 005 
002 13 16 pas 
GND 14 pa3 


R52B33 Pin Configuration 


Data Sheet Order No. MM15 
Rev. 1, March 1984 


52833 64К (8К х 8) ЕЕНОМ 


ADURESSES OPERATING CONDITIONS 


CHIP ENABLE 
OUTPUT ENABLE 
WRITE ENABLE 


DATA INPUT (WRITE OR ERASE) 
DATA OUTPUT (READ) 


CHIP CLEAR 
NO CONNECT 


А0-А12 


All Modes 
5V + 10% 
0 to 70°C 


Parameter 


Усс Supply Voltage 


Temperature Range 


О 
О 


R52B33 Pin Names 


ABSOLUTE MAXIMUM RATINGS* 


Parameter *NOTE: Stresses above those listed may cause permanent 


damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


Value 


Supply Voltage -0.5 to +7.0 


< 
о 
о 


Input Voltage Vin —0.5 to +7.0 

. Vout —0.5 to +7.0 
ТА -10% +80 
Тате —65 to +100 


Output Voltage 


Temperature Under Bias 


5 


ооо 


Storage Temperature 


DC CHARACTERISTICS 
Усс = 5.0V + 10%, T, = 0°C to 70°C (unless otherwise specified) 


Parameter | мп. | тур. | Max. | Unit Test Conditions"! 
| о | Input Leakage Current || = | uA Vin = Усс Max. 
| о | Output Leakage Current = | ҺА Vout = Усс Мах. 
lwe Write Enable Leakage | | о | __ 
Read Моде 10 m W = мн 
Chip Erase Mode (ШЕ ШЕН ШЕГЕ ЕШ); Чу = 
Усс Standby Current fF ов | «о | тА Е=Ун 
Усс Active Current | T о | по | mA E-G=V, 
Input Low Voltage (DC) |o | | ов | у 
Input Low Voltage (АС) | __оа | [| [| v Time = 10 ns 
Vw W Read Voltage | 20 | [veti] V 
ЕШ МУ Write/Erase Voltage -0.1 || 08 | V 
Output Low Voltage [0% | v lo. = 2.1 mA 
Output High Voltage [| | | [у lon = —400 мА 
Input Capacitance в | pF Мес = 5.0V, chip deselected, pin 
Output Capacitance™ |] [| pF under test at OV, ТА = 25°C, f = 
Усс Capacitance || 500 рЕ 
Су, Vw Capacitance? | рЕ 
Notes: 


1. Test Conditions: Output Load: 1 TTL gate and C, = 100 pF; Input Rise and Fall Times: < 20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V 

2. Typical values are for T4 = 25°С and nominal supply voltages 

3. This parameter is periodically sampled and is not 100% tested. 


+ 
e 
о 


R52B33 64K (8K x 8) EEROM 
AC CHARACTERISTICS DURING READ 


не [нес 
[ [e 


— 


Output Hold from Address, Chip Enable, 
or Output Enable, whichever Transition 
Occurred First 


. Test Conditons: Output Load: 1 TTL gate and C, = 100 pF; Input Rise and Fall times: =20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V 

. G may be delayed up to tavav-ta,ov after the falling edge of E without impact оп (дусу. Data is available at the DQ outputs after a delay 
of taiav from the falling edge of G, provided that E has been low (№) and addresses have been valid for at least tavav-tarav: 

. temaz: (анаг is specified from G or E whichever occurs first. 


READ TIMING DIAGRAM 


ADDRESSES 


mi 


[2] 


ЈОД САСКЕ "ол | 
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R52B33 64K (8K x 8) EEROM 


AC CHARACTERISTICS DURING WRITE/ERASE 


R52B33-35 
Symbol Parameter Min. Typ. Max. Unit 
Оо) | Maximum Endurance | 10,000 | cycles/byte 
tavwe E, G or Address Setup to W 50 ns 
= T 
ipywL Data Setup to W | 0 1 ns 
= | 
twi px?) W to E, G, Address or Data Change 50 ns 
twi wn Write Enable, W, Pulse Width 
R52B33 9 10 70 ms 
d T 1” T 
R52B33H 1 20 ms 
мо) W to Mode Change (Write Recovery Time) 50 ns 
Notes: 
1. Maximum endurance, Q, is the number of write and erase cycles/byte. The endurance of the R52B33 is guaranteed to be at least 10,000 
cycles/byte. _ Z 
2. After ty 5x hold time, from W, the inputs Е, G, Address and Data are latched and are “No Effect" until twp, Write Recovery Time, after 
the trailing edge of W. _ 
3. The Write Recovery Time, twp is the time after the trailing edge of W that the latches are open and able to accept the next mode set-up 
conditions. Reference Table 1 (page 6) for mode control conditions. 


BYTE ERASE OR BYTE WRITE TIMING 


ADDRESSES 


VALID NO EFFECT 


Е NO EFFECT i 
—_ ____ — 

| 
—————— — 

= | 
—___ — 

| 

| 

| 

| 
м — 

| 

| 

twn] 

| 

000-007 VALID NO EFFECT | 

(WRITE) | 

| 

| 

000-007 NO EFFECT 
(ERASE) i | 
— BYTE ERASE/WRITE PERIOD _- START OF NEXT MODE 
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852833 


64K (8K x 8) ЕЕВОМ 


CHIP ERASE TIMING 


| 
| 
| 
1 


оі 


= 


000-007 


twiox 


NO EFFECT 


NO EFFECT 


| 
Е-----------СНРЕНАСЕРЕНІОО ---------->|«-5ТАНТ OF NEXT MODE | 


R52B33 64K (8K x 8) EEROM 
DEVICE OPERATION 


The Rockwell R52B33 has six modes of operation (see Table tpywL. All of these contro! inputs together with the address and 
1). The control signals that determine these modes are TTL data lines are latched on the falling edge of W. After tw оҳ they 
compatible. may be removed and the next condition established while the 
byte is being erased or written. This effectively increases the 
The chip clear and byte erase time is 10 ms. write speed. After „цун, W may be returred to the TTL high 
level and the next operation begun twg after the rising edge of 
READ the pulse. 


Aread is accomplished by presenting the address of the desired 


byte to the Column and Row Address inputs with AO as the LSB. CHIP CLEAR = = 
Once the address is stable, Е is brought low in order to enable The chip clear is performed by taking CC and E to a TTL low 
the chip (W must be at a TTL high during the entire read cycle). level and G to a TTL high voltage level. The order in which the 
The output drivers are made active by bringing G toa TTL low. controls are set does not matter, only that they are stable for 
Data is valid tg oy after E or їо, оу after G is low. The latches {думе before W goes low. The ИО and the address inputs are 
are transparent in the read mode. No Effect. After the control and data inputs are stable, take 
W low. This latches all control and data inputs and, after twi px 
STANDBY all inputs with the exception of W become No Effect. W must 
- be maintained at а low level for the duration of the chip clear 
The power dissipation of the chip may be reduced by taking E cycle and then return it to a high level. Another mode of oper- 
to a TTL high between operations. This lowers Pp by over 60%. ation may be started twa after W is stable. The memory has 


now been returned to its clear state and contains all 1's. 
BYTE ERASE/BYTE WRITE 
Each byte of the memory may be individually erased or written POWER UP/DOWN CONSIDERATIONS 
with TTL level pulses. The two operations have the same timing 
and specifications since the byte erase is performed by writing 
all highs (HEX FF) to the selected byte. This restores the byte 
to its clear state of logical one. The byte erase is performed by 
presenting the device with E at a logical low and G at a logical 
high after the address is stable. These controls must be stable 
for tavw, before W is taken active. The data must be stable for 


Internal circuitry on all devices guard agairst inadvertent pro- 
gramming of bits during times when Vcc is below the normal 
operating voltage. The device outputs will remain in high imped- 
ance and the write/erase circuitry disabled as long as W is kept 
at Vy. Normal operation, as outlined in Table 1, can begin only 
after W has been taken to Мун. 


Table 1. Mode Selection (Vcc = 5V + 10%) 
м 090-097 
(27) (11-13, 15-19) 


Vin Dout 
No Effect No Effect 


roa | 


Note: 


1. W may be from V, to 6V in the read and standby mode. 
2. No Effect = No effect on selection/enable logic, however, no voltage greater than logic levels shall be applied. 


No Effect No Effect 
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R52B33 64K (8K x 8) EEROM 


MICROPROCESSOR INTERFACE CIRCUIT EXAMPLE FOR BYTE WRITE/ERASE 


ADDRESS 
BUS L 


SYSTEM RESET > 
MEMDRY RESET > 
EERDM SELECT > 
MEMORY WRITE > 


R52B33 


CHIP SELECT > 
DATA BUS < 


NOTE: 

ALL SIGNALS MUST SATISFY THE RELATIONSHIPS INDICATED 
ВУ THE TIMING DIAGRAMS SHOWN ON PAGES 3, 4 AND 5. 
EEROM SELECT 1$ DERIVED FROM THE CHIP SELECT 
SIGNALS OF ALL DEVICES FOR WHICH THIS CIRCUIT GATES 
W. THIS MAY ENTAIL A SIMPLE OR FUNCTION. IN CASE OF A 
SINGLE EEROM, THE TWO SIGNALS WOULD BE COMMON. 


TYPICAL EEROM WRITE/ERASE ROUTINE 
WAIT SUBROUTINE 


ISSUE 
MEMORY READ 
COMMAND 
TO EEROM 


INITIALIZE 
COUNT 


EXECUTE 
WAIT 


SUBROUTINE 
FOR twi wn 


DECREMENT 


ISSUE 
MEMORY WRITE 
COMMAND 
TO EEROM 


YES 
RETURN 
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R52B33 64K (8K x 8) EEROM 


PACKAGE DIMENSIONS 


MILLIMETERS INCHES 


28-РІМ CERDIP 


0.100 BSC 


ies 
i 
J| 


Его оф» 


2% 


Rockwell 


FEATURES 


® High endurance erase/write cycles 
— 1,000,000 cycles per byte (R5516A) 
— 10,000 cycles per byte (R2816A апа R2816AH) 
5 volt-only operation 
On-chip latches for direct microprocessor bus interface 
On-chip timer for self-completed byte erase and write 
Fast byte write cycle 
— 2 ms write (R2816AH) 
— 10 ms write (R2816A and R5516A) 
* Fast access time: 250 ns, 300 ns, 350 ns (max.) 
* TTL voltage level controlled modes 
— Byte read 
— Byte write with automatic byte erase 
— Read/write inhibit 
* Optional high voltage controlled modes 
— Byte erase 
— Byte write 
— 9 ms chip clear 
* Power up/down protection circuitry 
* Low power operation 
— 110 тА (max.) active current 
— 40 mA (max.) standby current 
* JEDEC approved 24-pin byte-wide pinout 
* Direct replacement for 2K x 8 EEPROMs 
— 21V 2816 
— 5М 2816A and 5516А 


R2816A and R5516A 


Memory Products 


R2816A and R5516A 
16K (2K x 8) LATCHED EEPROM WITH TIMER 


ORDERING INFORMATION 


Part Number: R2816A _ _ _ 
R5516A 


| Access Time 
25 = 250 ns 
3 = 300 ns 
35 = 350 ns 


Byte Write time 
Н = 2 ms (R2816AH only) 
No letter = 10 ms 


DESCRIPTION 


The Rockwell R2816A and R5516A are 16K (2K x 8) electrically 
erasable programmable read-only memory (EEPROM) devices 
with on-chip latches and write timer. EEPROMs allow non-volatile 
Storage of data when power is off and in-circuit reading and 
writing of data when power is on. 


The R2816A and R5516A both operate with TTL level signals 
and a 5-volt power supply. The endurance, the number of times 
that a byte may be written to a particular location, is 1 million 
for the R5516A and 10 thousand for the R2816A. Once-written, 
there is no limit to the number of times that the data may be read. 


Both EEPROMs have an internal timer that automatically times 
out the write time. The on-chip timer, along with the latching of 
address and data lines, allows the EEPROM to complete write 
operation independently of the MPU. After executing a write 


COLUMN 
ADDRESS 
LATCHES 


А0-АЗ 


ROW 
ADDRESS 
LATCHES 


A4-A10 


LATCH ENABLE 


м ЕОСЕ ОЕТЕСТ 
5 & АМ 
LATCHES 
LATCH ENABLE 
CONTROL 
а LATCHES 


COLUMN 
ADDRESS 
DECODE 


TIMER 


CONTROL 
LOGIC 


ROW 
ADDRESS 
DECODE 


[m 


MEMORY 
ARRAY 


INPUT 
DATA 
LATCHES 


ИО BUFFERS 


090-007 


R2816A and R5516A Block Diagram 


Document No. 29000M17 
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Data Sheet Order No. MM17 
March 1984 


R2816A and R5516A 


instruction to the EEPROM, the MPU is thus free to continue 
other computational tasks without delay or interruption required 
by earlier generation EEPROMs. The write operation is com- 
pleted automatically, taking only 10 ms for the R2816A and 
Н5516А, or only 2 ms for the faster R2816AH. A separate erase 
cycle is not required and the Write Enable (W) pulse width 
requirement is only 150 ns (max.}. 


The R2816A EEPROM is the cost-effective choice for applica- 
tions requiring infrequent updating of non-volatile data, i.e., no 
more than 10,000 updates/byte. The R5516A is ideal for designs 
employing frequent update of data. 


А0-А10 ADDRESS 
E CHIP ENABLE 
G OUTPUT ENABLE 


Ww 
090-007 


WRITE ENABLE 


DATA INPUT (WRITE OR ERASE) 
DATA OUTPUT (READ) 


R2816A and R5516A Pin Names 
ABSOLUTE MAXIMUM RATINGS* 


Parameter Symbol Vaiue Unit 
Supply Voltage Vec -0.5 to +7.0 | Мас 
Input Voltage Vin -0.5 to +7.0 | Мас 
Output Voltage Vout - 0.510 +7.0 | Мас 
Temperature Under Bias Тете -10 to +80 °С 
Storage Temperature TsrG -65 to +100 | °C 
W Level in Optional Vw -0.5 to +22.5 | Мас 
High Voltage Byte Erase/ 
Write and Chip Clear Modes 

- 

W ог а Max. Duration at 22V tw, tg 24 Hrs 
G Level in Optlonal Ve -0.5 to 22.5 | Мас 
HV Chip Clear Mode 


DC CHARACTERISTICS 
(Усс = 5.0V + 10%, Ta = 0°C to 70°C (unless otherwise noted) 


16K (2K x 8) EEPROM 


А7 1 vec 
AG 2 A8 
AS 3 А9 
A4 4 м 
АЗ 5 с 
А2 6 А10 
А1 7 Е 
АО 8 рат 

роо 9 ров 

pai 005 

002 004 


GND 


R2816A and R5516A Pin Configuration 


"МОТЕ: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


OPERATING CONDITIONS 


Parameter Ali Modes 
Усс Supply Voltage 5V +10% 
Temperature Range 0 to 70°С 


Symboi Parameter Min. Typ. ? | Мах. Unit Test Conditions! 
lin Input Leakage Current 10 BA Vin = 5.5V _ 
рит | Output Leakage Current 10 BA Vour = 5.5У 
№ Write Enable Leakage Current 10 nA М = Му E 
la Output Enable Leakage Current 10 uA @=№ Ż 
Ice Voc Standby Current 18 40 mA Е = Vn © = V, 
All МО lines open, other inputs = 5.5V 
loce Усс Active Current 60 110 та | Е-бе-У, 
| All I/O lines open, other inputs = 5.5V 
Vit Input Low Voltage -0.1 0.8 У _ 
Ун | Input High Voltage | 20 Мос + 1 | V . 
Vw W Input High Voltage in Optional 12 22 У 
HV Byte Erase/Write and HV Chip 
Clear Modes d 
= : - T T 
Va G Input High Voltage in 12 22 У 
Optional HV Chip Clear Mode | _ _ 
VoL Output Low Voltage 0.45 У lo = 2.1 mA 
Мон | Output High Voltage 2.4 _ M lon = ~ 400 pA 
См Input Capacitance? | 7 pF Voc = 5.0 V, стр deselected, pin 
Cour Output Capacitance? 10 pF under test at ОМ, T, = 25°С, f = 1 MHz 
Notes: 
1. Test Conditions: Output Load: 1 TTL gate and С, = 100 pF; Input Rise 2. Typical values are for TA = 25°C and Vcc = 5.0V. 
and Fall Times: x20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 3. This parameter is periodically sampled and is not 100% tested. 
Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V 
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А2816А апа В5516А 


16K (2K x 8) EEPROM 


EEPROM OPERATION 


The Rockwell R2816A and R5516A EEPROMs have four modes 
of TTL level controlled operation (Table 1) and three optional 
high voltage level controlled modes (Table 2). The standby, byte 
read, byte write, and write/read inhibit modes are controlled by 
TTL levels on the Chip Enable (E), Output Enable (G) and Write 
Enable (W) inputs. These modes support operations in cost- 
sensitive designs where minimal supporting circuitry is required. 


The optional high voltage controlled modes allow R2816A/ 
R5516A operation in circuits designed for earlier generation 
EEPROMs. A high voltage (12-22V) on W supports separate 
byte erase and byte write operations required by prior EEPROM 
designs. The chip clear mode requires high voltage inputs on 
two control pins (W and G). 


TTL LEVEL CONTROLLED MODES 


BYTE READ 


The byte read mode drives the data line outputs (DQ0-DQ7) with 
the contents of the EEPROM byte located by input address lines 
А0-А10. Read access time is 250 ns or less (R2816A-25/ 
А5516А-25). 


A byte is read by stabilizing address lines А0-А10, applying а 
TTL low to E to enable the device, and applying TTL low to G 
to enable the data output drivers. Output data is valid on 
090-007 after taypy, tgipy, ог Киру time, whichever is 
limiting. W is held at TTL high throughout the cycle. 


STANDBY 


The standby mode reduces R2816A/R5516A power dissipation 
by over 60% (maximum ICC drops from 110 mA to 40 mA). 


A TTL high on E places the R2816A/R55164 in the standby mode 
regardless of the G or W input levels. The data output lines are 
in a high impedance state in this mode. 


BYTE WRITE 


The TTL controlled byte write cycle performs both a byte erase 
(all bits are written to the 1 state) and a byte write (all bits are 
written to the input data line states) п the same write cycle. A 
Separate, preceding byte erase cycle is not required. 


Table 1. TTL Modes Selection 
Control Pins 
Chip | Output | Write ИО Data 
Seiect | Enable Enabie Lines 
Mode (DQ0-DQ7) 
Byte Read Ve | Vie Мн Dour 
Standby Мн Мо Effect | No Effect High Z 
Byte Write Vit Мн Ми Din 
Write/Read Inhibit Ve {Мн Мн High 2 
Note: Мо Effect = No effect on logic selection, however, no voltage 
level other than TTL levels shall be applied. 


Applying a TTL low to the М input of the selected EEPROM (Е 
low) with the outputs disabled (G high) initiates the byte write 
cycle. The address is latched on the falling edge of W (or E, 
whichever occurs later) and the data is latched on the rising edge 
of W (or E, whichever occurs first). The EEPROM uses the 
internal timer to automatically complete the byte erase and write 
operation without intervention from the MPU. 


WRITE OR READ INHIBIT 


Applying a TTL low to E with both G and W held at TTL high 
enables the EEPROM but inhibits both reading from, and writing 
to, the device. 


OPTIONAL HIGH VOLTAGE 
CONTROLLED MODES 


HV BYTE ERASE OR BYTE WRITE 


The high voltage byte erase or write mode operates the same 
as the TTL level controlled byte write mode with the following 
exceptions: 


1. The active W voltage level is 12-22V rather than TTL low. 

2. Aseparate byte erase cycle must be performed with all data 
bits set to 1 (data lines are TTL high) prior to the byte write 
cycle. 


HV CHIP CLEAR 


The chip clear mode erases all data in the R2816A/R5516A to 
the 1 state (TTL high) in 10 ms. 


When the device is enabled, raising W and G to a high voltage 
level (12-22У) initiates the chip clear mode. Dropping W below 
the high voltage minimum level terminates the mode. The data 
lines must be held at TTL high. 


POWER UP/DOWN WRITE PROTECTION 


Internal circuitry protects the R2816A/R5516A against a false 
write during VCC power application or removal. This circuitry 
prevents writing under any of the following conditions: 


1. VCC is less than 3V. _ 
2. A negative transition on W does not occur when VCC is 
between 3V and 5V. 


Table 2. Optlonal High Voltage (HV) Modes Selection 


Control Pins 


ИО Data 
Lines 


Mode (290-097) 
НУ Вуе Егазе Vit Мн Vw 
HV Byte Write Vir Vin Vw 
HV Chip Clear Vic Ve Vw 


R2816A and R5516A 16K (2K x 8) EEPROM 


AC CHARACTERISTICS 
Усс = 5.0V +10%, Ta = 0°C to 70°C (unless otherwise specified) 


BYTE READ 
m Limits (ns) B 
R5516A-25 R5516A-3 
R2816A-25 R2816A-3 R2816A:35 
Symbol Parameter Min. Max. Min. Max. Min. | Max. Units 
tavax Read Cycle Time 250 300 350 ns 
terav Chip Enable (E) Access Time (tog) 250 300 350 ns 
tavov Address Access Time (tacc) 250 300 7 350 ns 
tarav Output Enable (G) Access Time (tog) 90 100 T 100 ns 
tener E to Output in High Z 10 | 100 10 100 70 100 ns 
tenaz G to Output in High Z (tpp) 10 100 | 10 зоо | 10 | 10 ns 
taxax Output Hold from Address Change (он) 50 | 50 | 50 ns 
tpu E Low to Power-Up Time о: 0 770 ns 
о Е High to Power Down Time | Б0 50 = 50 ns 
Notes: 


1. Test Conditions: Output Load: 1 TTL gate and C, = 100 pF; Input Rise and Fall Times: «20 ns; Input Pulse Levels: 0.45V to 2.4V; 
Timing Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V. 

2. G low тау be delayed up to ta gy after the falling edge of E without impact on tayay. 

3. ієно>, and (оног are specified from G or E high whichever occurs first. 


BYTE READ WAVEFORMS 


A0— A10 


(ADDRESS) ADDRESS VALID 


ADDRESS VALID 


о! 


м 


00-007 
(DATA OUT) 


HIGH Z 
DATA VALID 


tep 


lice Усс loca ACTIVE CURRENT 


CURRENT) 


STANDBY CURRENT 
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А2816А апа В5516А 


BYTE WRITE TIMING 


16K (2K x 8) EEPROM 


t 


WLAX Address Hold Time 


R5516A-25 Н5516А-3 
R2816A-25 R2816A-3 А2816А-35 
Symbol Parameter Min. 
Q Maximum Endurance R5516A | 1,000,000 1,000,000 cycles/ 
А2816А, R2816AH | 10,000 | 10,000 bytes 
. : R2816AH 2 2 
Write Cycle Time ms 
twe R5516A, R2816A 
tavwe Address Setup Time 


A0-A10 
(ADDRESS) у 


tavwe 


NN 
77 


ELWL 


ФІ 


tawl 


= 


twLov 


000-007 
(DATA IN) 


twLax 


tovwH 


XS 


нех Е 


ZZ 
BAIN 
КУ; 


twHwx 
twHox 


С УМОКО 

RK DATA VALID (55560 
Щщ а 

DATA OUTI %----------- nz -- 


— 
KY 


ЕСМ Write Setup Time 
twHex Write Hold Time 
ани. G Setup Time 
twHGX G Ноја Time 
ин | W Write Pulse Width! 150 | 150 50 | | ns 
twHwx Data Latch Time 50 | 50 50 | ns 
Миру | Data Valid Time? 1 1 || m 
tovwH Data Setup Time 20 - 50 i 50 | | ns 
twupx | Data Hold Time 20 | 2 20 | | ns 
Notes: 
1. W is noise protected. Less than a 20 ns write pulse will not activate a write cycle. 
2. Data must be valid within 1 »s maximum after the initiation of a write cycle. 
BYTE WRITE WAVEFORMS 
с 


R2816A and R5516A 16K (2K x 8) EEPROM 
HIGH VOLTAGE BYTE ERASE/WRITE TIMING 


Symbol Parameter Min. | Тур. Мах. Unit Test Conditions 
"" Address Valid to W HV Setup Time (tas) | 150 “ns | 
ЧЕМУ E Low to W HV Setup Time (tcs) 7 150 | | ns _ 
Мени G High to W HV Setup Time 0 ns W = 6V 

| ow Data Valid to W HV Setup Time (tps) o | | ns | 
"T W HV Pulse Width 9 10 70 ms 
twe W Fall Time 5 us | = ву 
twHex G Hold Time 0 ns | 
Мнох Data Hold Time (он) 50 ns W = 6V 
twHen W Recovery Time (twa) so | | ms W = 6У 
twHax Address Hold Time 50 T | ~ W = ev 


HIGH VOLTAGE BYTE ERASE/WRITE WAVEFORMS 


А0-А10 
(ADDRESS) 


ADDRESS VALID 


ті 


= 


090-097 
(DATA IN) 


000-007 
(DATA OUT) 
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R2816A and Н5516А : 16K (2K x 8) EEPROM 
HIGH VOLTAGE CHIP CLEAR TIMING 


Symbol Parameter Typ. Max. Unit Test Conditions 
tetw E Low to W HV Setup Time (се) ns 
По {суму С HV to W HV Setup Time ns 
оним Data High to W HV Setup Time (іре) ns 
twvwx W HV Pulse Width 10 70 ms 
Ме W Fall Time pS W = 6V 
| инок 6 Hold Time ns W = ву, б = 12V 
нох Data Hold Time (юн) ns W = 6\ 
tWHEH W Recovery Time (twa) ns W = 6V 
2277 


HIGH VOLTAGE CHIP CLEAR WAVEFORMS 


mi 


= 


000-007 
(РАТА №) 


9) 


R2816A and R5516A 


PACKAGE DIMENSIONS 


24-PIN CERDIP 


d. * 0.042 
| 15 + 1.07) 


LED | uum 0.610 = 0.01 
s = 0.25) 


оон TO 


0.010 = 0.002 
(0.25 = 0.05} 
ШЕН 125 MIN 
0.04 = 0.02 0.100 + Tow! JL Gn 0.660 = 0.04 
(1.01 = 0,50) {2.54 > 0.25) {0.45 = 0.05) {16.76 t 1.01) 
0.055 = 0.008 
(1.39 = 0.20) 


DIMENSIONS IN INCHES AND (MILLIMETERS} 


16K (2K x 8) EEPROM 


4-64 


6% 


R2000 


Memory Products 


R2000 


64 x 8 NON-VOLATILE RAM 


Rockwell 


Product Preview 


DESCRIPTION 


The Rockwell R2000 Non-Volatile Random Access Memory 
{МУВАМ) is а conventional 64 x 8 static random access 
memory (RAM) overlaid bit-for-bit with a 64 x 8 non-voltatile 
electrically eraseable programmable read only memory 
(EEPROM). The NVRAM combines the fast access read/write 
functions of static RAM with the permanent storage capability 
of EEPROM. STORE and RECALL commands, implemented as 
addresses to provide maximum user flexibility, initiate RAM to 
EEPROM and EEPROM to RAM data transfers. In response to 
the STORE command, the contents of the RAM are written into 
the EEPROM within 12 ms. In response to the RECALL com- 
mand, the contents of the EEPROM are transferred to the RAM 
within 7.5 us. These commands require no additional control 
lines or external circuitry to support bus operation during power 
loss, thus greatly simplifying R2000 system design-in. 


Three inputs can be variously strapped to cause the R2000's 
byte-wide parallel bus interface to operate in one of five different 
bus configurations. This enables the R2000 to operate with most 
industry standard microprocessors and single-chip microcom- 
puters with extended buses. 


R2000 applications include (1) saving of critical system data upon 
power failure, (2) permanent storage of instrument/machine self- 
recalibration or transmitted parameters, (3) password storage, 
(4) replacement of DIP switches used for system configuration, 
and (5) automotive applications ranging from entry-codes to 
engine perforrnance adjustments. 


Document No. 29000M16 
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FEATURES 


* Byte-wide 64 x 8 organization 
* Single 5V power supply 
* Low power dissipation 
— 50 mA active current 
— 10 mA STORE current 
— 25 mA standby current 
® 10-Year data retention for each STORE 
• Minimum 10,000 non-volatile STORE cycle endurance 
• Microprocessor and microcontroller bus compatible 
• Five strappable, directly compatible, bus interface configurations: 
— R6500, R65CO00, 6800 non-multiplexed bus 
— Z80 non-multiplexed bus 
— R65C00/21, 6801 multiplexed bus 
— R6500/11, R6500/41 multiplexed bus 
— 8051 multiplexed bus 


е Software control of non-volatile functions 
— Storage protection 
— STORE and RECALL operation 
— No additional control lines 
— Only a single external capacitor required 
• Fast static RAM access time: 
— 125 ns (тах.) for non-multiplexed bus 
— 250 ns (max.) for multiplexed bus 
• Reliable N-channel floating gate technology 
® TTL compatible 
* Self-timed STORE with power-down retention ріп 


BC2 1 vec 
BCI 2 VRR 
AS(NC) 3 92(WR) 
AA(NC) 4 NC(AS/ALE) 
A3(NC) 5 Е 
A2(NC) 6 MPX 
A1(NC) 7 R/W (RD) 
AO(NC) 8 07 
00(А0/00) 9 06 
D1(A1/D1) 10 D5(A5/D5) 
D2(A2/D2) 11 D4(A4/D4) 
GND 12 D3(A3/D3) 


R2000 Pin Configuration 


Product Preview Order No. MM16 
March 1984 


R2000 


ABSOLUTE MAXIMUM RATINGS’ 


Parameter 


Symbol 


Value Unit 


Supply Voltage | Vee -0.3 to +12.0 

Input Voltage Vin -0.3 to +12.0 

Output Voitage Vout -0.3 to 47.0 Vde 
Temperature Under Bias ТА -10% +80 | °С 
Storage Temperature | Тете – 65 to +100 | °c | 


OPERATING CONDITIONS 


Parameter All Modes | 
Усс Supply Voltage 5V +5% | 
Temperature Range 0 to 70°C | 


DC CHARACTERISTICS 


64 x 8 NVRAM 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


(Усс = 5.0V +5%, Ta = 0°C to 70°C, unless otherwise specified) 
| Symbol Parameter Min. Typ.? Max. Unit Test Conditions' 
ГО Input Leakage Current 10 pA Veco = 5.25V 
Vin = GND to 5.25V 
——— T——— 
lour Output Leakage Current 10 нА Vout = GND to Усс Max. 
IRR Var Store Current 10 mA Var = Мос %0У, -0.25V, 
Voc = 0V 
се Усс Standby Current 25 | mA | E = Мн, Мс = 5.25V 
lecce Усс Active Current 50 | mA | E = Му, Мес = 5.25V 
- 
Van Var Supply Voltage 40 | 525 | V | STORE Cycle, Мос = OV 
Vit Input Low Voltage -0.3 0.8 У 
Vin input High Voltage 20 | Мес +1 | V 
Vot Output Low Voltage 0.4 V lo = 3.2 mA 
| Von Output High Voltage 2.4 V юн = -0.3 mA 
| Cin Input Capacitance 5 pF Voc = 5.0V, chip deselected, pin under test at OV, 
Cour Output Capacitance3 150 pF ТА = 25?C, f = 1 MHz 
Notes: 
1. Test Conditions: Output Load: 1 TTL gate and С, = 100 pF; Input Rise and Fall Times: «20 ns; Input Pulse Levels: 0.45V to 2.4V; 
Timing Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V. 
2. Typical values аге for Т, = 25°C and Vog = 5.0V. 
3. This parameter is periodically sampled and is not 100% tested. 
4. All units are direct current (DC) except capacitance. 
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R2000 


64 x 8 NVRAM 


SIGNAL DESCRIPTION 


А0-А5 —Address Lines. The six address inputs select memory 
locations in RAM and initiate the STORE and RECALL com- 
mands. In a non-multiplexed bus configuration, these lines are 
assigned to the AO-A5 pins. In а multiplexed bus configuration, 
some, or all, of the address inputs are shared with the 00-05 
data lines. 


D0-D7—Data Lines. When Е is LOW, the eight bidirectional, 
three-state, data lines transfer data from the R2000 RAM to the 
data bus during a read operation, or from the data bus to the 
R2000 during а write operation. When E is HIGH, the data lines 
are in a high impedance state. In a multiplexed bus configura- 
tion, some of the data lines double as address lines. 


Е--Сһір Enable. E LOW input enables RAM read and write 
operation, as well as STORE and RECALL initiation. When 
E is HIGH, ће R2000 is disabled and operates in a low-power 
standby mode. In the standby mode the R2000 consumes almost 
5096 less power than in the active mode. The data output lines 
are in a high impedance state during standby mode. 


92(WR)—Clock/(Write). This pin acts as either the Clock (02) 
or Write Enable (WR) input depending on bus interface 
configuration. When configured for an 6500/6800 bus, @2 clocks 
data in or out of the R2000 depending on the level of RW. 
When configured for an 280/8051 bus, WR LOW (and RD 
HIGH) enables data to be written from the data lines into the 
R2000. 


R/W (RD)—Read/Write (Read). This input pin serves as either 
Read/Write (R/W) or Read Enable (RD) depending upon the bus 
interface configuration. When configured for an 6500/6800 bus, 
R/W HIGH enables data to be read from R2000 RAM to the data 
lines, whereas R/W LOW enables data to be written from the 
data lines into the R2000. When configured for an 280/8051 bus, 
RD LOW (and WR HIGH) enables data to be written from 
the R2000 RAM to the data bus. 


NC(AS/ALE)—No Connect (Address Strobe/Address Latch 
Enable). This pin is used only with a multiplexed bus. A HIGH 
on this pin—AS for an R6500/* bus, or ALE for the 8051 bus— 
indicates that a valid address exists on the data/address lines. 


MPX—Multiplex. The MPX, BC1 and BC2 inputs determine the 
bus interface configuration. MPX HIGH selects a multiplexed 
bus, whereas MPX LOW selects a non-multiplexed bus. 


ВС1, BC2—Bus Configuration 1 and 2. The BC1 and BC2 
inputs, in conjunction with the MPX input, determine the bus 
interface configuration. Table 2 defines the specific bus selected 
by strapping each of these three inputs to either Voc or GND. 


Var—STORE Power Supply. This power down retention pin 
is normally connected to an external 470 „F capacitor. The 
capacitor retains enough power to write the data from RAM into 
EEPROM when STORE is commanded upon loss of Voc. 
Усс—Ромег. +5 Мас. 


GND—Ground. Ground. 
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FUNCTIONAL DESCRIPTION 


The major functions in the R2000 NVRAM are (1) the volatile 
static RAM with its associated address decode, sense and read 
circuitry, write control circuitry, and input receivers/output 
drivers; (2) the non-volatile EEPROM with its associated STORE 
and RECALL control circuit, and high voltage generator; and 
(3) the bus interface configuration logic. A block diagram of the 
R2000 МУВАМ is shown in Figure 1. 


HIGH 
VOLTAGE 


GENERATOR 


BUS 
CONFIG- 
URATION 

CONTROL 


_Е READ/ 
92 (RD) WRITE 
R/W (WR) CONTROL 
(AS/ALE) 


ADDRESS RECALL 


DECODE 


64 x 8 
STATIC RAM 


OUTPUT 


DRIVERS 
(Dolas ano 
D5/A5) INPUT 


Do-p7| RECEIVERS 


Figure 1. R2000 Block Diagram 


RAM К 


The 64 bytes of volatile RAM are located at addresses 0 to ЗЕ 
(hexadecimal) as decoded from address lines А0-А5. Locations 
0 and 1 in RAM are not accessible since addresses 0 and 1 cor- 
respond to the STORE and RECALL commands, respectively. 
The remaining bytes are available for general read/write access. 
Table 1 summarizes the memory map and the command 
operations. 


During normal operation, the RAM operates at bus speed without 
affecting the contents of the EEPROM. RAM accesses are con- 
trolled by E, 92(WR), R/W(RD), and (AS/ALE) inputs depending 
on the strapped bus configuration. 


EEPROM 


The 64 bytes of non-volatile EEPROM shadow the static RAM 
cell-for-cell. Shadowing means that the RAM array is overlaid 
bit-fot-bit with the EEPROM array. The EEPROM operates in 
parallel with the static RAM during a STORE or RECALL thus 
providing immediate storage and retrieval. The first two bytes 
are not used because the corresponding addresses are used 
for the STORE and RECALL commands. 


12000 


STORE SECURITY KEY 


The STORE and RECALL circuit controls the transfer of data 
between the RAM and the EEPROM. When a STORE command 
is received, i.e., address 0 is written with the value B5 (һеха- 
decimal) on the data lines, data is copied from RAM to the 
EEPROM. The В5 value, called the STORE security key, is 
saved in an internal register during the STORE process. Once 
initiated, the STORE process completes under internal control 
and cannot be interrupted by an external signal. Access to the 
RAM from the data bus is inhibited during this time (indeter- 
minate data will be output to the data bus if a read is attempted) 
and is re-enabled at the completion of the STORE. After STORE 
is complete—less than 12 ms after receipt of the STORE 
command—the B5 value is erased to prevent an inadvertent 
STORE from occurring due to an unintentional generation of 
address 0. Internal R2000 circuitry also prevents alteration of 
EEPROM contents during Усс and Var decay following power 
loss, and during Усс and Ман rise after power application. 


When a RECALL command is received, i.e., any data is written 
to address 1, data in the EEPROM is copied to the RAM. The 
RECALL time takes less than 7.5 us. 


Table 1. R2000 NVRAM Memory Map 
Address | Read/ | Data 
(Hex.) | Write | Value Function 


00 Write | В5 | STORE RAM to EEPROM. The RAM 
byte at this location is not accessible. 
The В5 data value is required to 


initiate the STORE sequence. 


Read — | No operation. 
01 Write | Апу | RECALL ВАМ Кот EEPROM. ВАМ 
data at this location is not accessible. 
Read — No operation 
| 02-3F | Write | Any | Write data to RAM locations 02-3F. 
| Read | Апу | Read data from RAM locations 02-3F. 


STORE AND RECALL EXECUTION 


Read and write instructions can be executed in the application 
program to STORE and RECALL data either during normal 
operation or upon detection of power loss or turn-on. If performed 
as a part of normal operation, the STORE and RECALL instruc- 
tions can be executed either periodically or upon demand. If 
performed as a part of power on/off processing, the STORE 
instruction should be executed as part of the power loss detect 
interrupt handling routine, and the RECALL instruction executed 
as part of the power turn-on processing. 
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64 x 8 NVRAM 


Van CONNECTION 


The Var pin is normally connected to an external 470 aF (min.), 
15V capacitor. The capacitor, charged through internal circuitry 
to a value of Усс ~ 0.25V, contains enough energy to complete 
a STORE operation upon loss of Усс. An internal current 
limiting switch prevents a large inrush current to the capacitor 
upon power turn-on. An internal power switch connected to Vcc 
opens during а STORE operation and when Усс drops below 
Var to inhibit current drain from the capacitor into the Усс 
power grid. 


If the Усс power grid has enough stored energy to support 
R2000 operation for at least 12 ms after the processor detects 
power loss and initiates a STORE, the Var pin can be con- 
nected to Vcc rather than the capacitor. 


SYSTEM CONNECTION 


Figure 2 shows a typical system connection using an R6502 
CPU, АК х 8 static RAM, system decode logic, on ап R2000 
NVRAM. 


А0-А11 


00-07 
ЖЛ 
ФУЕ 


65 
— OTHER 


__ SYSTEM 
CHIP 
—7 SELECTS 


SYSTEM 
DECODE 


m 


+5V 


—) H 
470pF 15V 


Figure 2. Typical System Interface 
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64 х 8 МУНАМ 


BUS CONFIGURATIONS 


Strapping MPX, BC1, BC2 inputs high (Vcc or low (GND) con- 
figures the R2000 bus interface to operate with one of five dif- 
ferent busses as specified in Table 2. Figure 3 shows the five 


possible configurations. 


Table 2. Bus Configuration Strapping 


Pin Connections 


Bus Interface 


HIGH 


LOW 


HIGH | HIGH 


R6500, В65С00, 6800 Моп-тиһіріехесі 
280 Non-multiplexed 
R65C00/21, 6801 Multiplexed 
R6500/11, R6500/41 Multiplexed 


Note: Low = GND, High = Усс 


8085/8051 Multiplexed 


BC2 (GND) 
BC1 (GND) 
А5 

А4 

АЗ 

А2 

А1 

Ao 

ро 

D1 

D2 

GND 


R6500, R65C00, 6800 
Non-multiplexed Bus Interface 


BC2 (GND) 1 vcc 
BC1 (GND) 2 VRR 
NC 3 02 
NC 4 AS 
NC 5 E 
NC 6 
NC 7 R/W 
NC 8 D7 
А0/00 06 
А1/01 A5/D5 
A2/D2 AAIDA 
GND C] 12 A3/D3 


R65C00/21, 6801 
Muitlpiexed Bus Interface 


1 
2 
3 
4 
5 
6 
7 
8 


MPX (VCC) 


vec 
VRR 


BC2 (GND) 
BC1 (VCC) 


BC2 (VCC) 
BC1 (GND) 


92 А5 
NC А4 
Е АЗ 
МРХ (GND) А2 
RW A1 
D7 АО 
06 ро 
05 D1 
D4 D2 
D3 GND 


1 
2 
3 
4 
5 
6 
7 
8 
9 


1 vec 
2 VRR 
AS 3 02 
А4 4 А$ 
АЗ 5 Е 
А2 6 МРХ (VCC) 
А 7 RW 
АО 8 07 
DO D6 
D1 05 
02 D4 
GND D3 


R6500/11 and Н6500/41 
Multiplexed Bus Interface 


280 


МРХ (GND) 
RD 
D7 
D6 
D5 
04 
03 


BC2 (GND) 1 vec 
BC1 (VCC) 2 VRR 
NC 3 WR 
NC 4 AL- 
NC 5 E 
NC 6 E 
NC 7 MPX (VCC) 
NC 8 RD 
А0/00 07 
А1/01 06 
A2/D2 А5/05 
амо А4/04 
A3/D3 


8085/8051 
Muitlplexed Bus Interface 


Figure 3. Five Possible Strapping Configurations 
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R2000 


64 x 8 NVRAM 


PACKAGE DIMENSIONS 


24-PIN CERDIP 


mE 557 %0.042 
m 15 +1.07) 


1.250 %0.025. . 
{32.00 +0.34) 0.160 +0.02 
р 60 +0.50) 


4 +000 0.100 dsl 
650 (2.54 £0.25) 


(3.17) 


— 018 £0.002 
0.055 £0.008 
(1.39 £0.20) (0-45 £0.05) 


DIMENSIONS IN INCHES AND (MILLIMETERS) 


0.125 MIN. 


0.610 £0.01 
(15.49 10.28) 
0.010 10.002 
= (0.25 £0.05) 


0.660 50.04 
(16.76 £1.01) 


EPROM PINOUTS GUIDE 


Intel 27256 
Intel 27128 


intei 2764 
| pu T.I. 2564 c pel | 
Motorola 68764 
[— mtel 2732 ——— 2врмсс Гусс vec vec 
cs2 PGM PGM А14 


vPP d vPPd VPP 
A12 A12 A12 


A7 усс VCC ENC. A13 А13 
Аб АВ 
А5 A9 
А4 УРР А11 A12 23- A12 A11 A11 A11 
A3 E/PGMC G/VPP |E/VPP22I-E/POM | С G G 
A2 A10 А10 LA!1021-A10  FA10 A10 A10 
Ai A11 E A11 20-А11 РЕ E E 
АО ра? 
роо ров 
раї 205 
002 004 
GND раз 
VPP = 21V VPP = 25V Rockwell ROM Pinouts (VPP = Chip Select in ROMS) 
2732A 2732 2332А--->- 2532 R23128 —— 27128 
2764 2532 R2332B —— 2732 R23C64A —— 68764 
27128* 2564 2364A --->- 68764 R23C64B —— 2764 
27256* 68764 R2364B —= 2764 R87C32 ——*-2732A 


NOTE: Pins Without Their Function Designated Are the Same as the Corresponding Pin on the 2532 
*12\ for Intelligent Programming 
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INTELLIGENT DISPLAY CONTROLLERS 
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INTELLIGENT DISPLAY CONTROLLERS 
Cut Costs 30¢/digit, Replace Up To 11 TTL Devices, 
Interface With Any Host „С 


Rockwell display controllers drastically cut the cost and 
complexity of designing vacuum fluorescent (VF) displays 
into systems, can actually save up to 30 cents per digit. 
One 10937 can replace up to eleven TTL devices and can 
interface with any host microcomputer. VF Display 
manufacturers Futaba, NEC, and Noritake have all specified 
these controllers. 

The 10937 is a single-chip alphanumeric display controller 
which directly drives 14 to 18 segment VF displays of up to 
16 characters. It includes brightness and refresh controls 
and logic, its own RAM buffer, PLA segment decoder, and 
output driver. 

The 10951 single-chip display controller is similar to the 
10937 except the PLA segment decoder has been 
reprogrammed to drive a bar graph display and numerics. 

If neither the 10937 nor the 10951 PLA segment codes 
satisfy the user's requirements, a custom code may be 
specified for the single-chip display controller. 

The 10938 segment decoder/driver and the 10939 digit 
controller/driver operate as a set to drive dot matrix 
displays. A single set controls 5 x 7 dot matrix displays of 
up to 20 characters or cascaded to control up to 


80 characters. Operating at 50V, the sets can drive VF 
displays and, with external drivers, LED, CCD, gas 
discharge and incandescent displays. 

The 10941 can team with the 10939 to drive 
alphanumeric 14-18 segment VF displays of 20 to 
40 characters and bar graphs. The 10942 and 10943 can 
team with the 10939 to drive 40 to 80 character 5 x 12 dot 
matrix displays. 

The Rockwell display controllers are finding wide 
application in printers, photo copiers, typewriters, FAX 
machines and in various automotive and white goods uses. 
If the user has special requirements, а сиѕ:от code may be 
specified for the segment decoder/driver device which can 
be packaged in a 40, 28, or 24 pin DIP according to the 
device type selected. 

А new single-chip controller is under development which 
will be similar to the 10937/10951 devices except the user 
will have some control over the number of display outputs 
allocated as strobes or segments, the PLA will be doubled 
in size to allow 128 characters and the PLA may be 
bypassed to allow direct control of segments. 


VACUUM FLUORESCENT CONTROLLER APPLICATIONS 


Muiti-Chip Display 
Single Chip Controlier 
Dispiay Anode Driver 
Controiier Type Grid Driver 
Dispiay Type (See Part No.) (See Part No.) (10939) 
* 8 Char. 14-18 Seg. 1 (10937) 
* 10 Char. 14-18 Seg. 1 (10937) 
* 16 Char. 14-18 Seg. 1 (10937) 
* 20 Char. 14-18 Seg. 1 (10941)* 1 
* 32 Char. 14-18 Seg. 1 (10941) 2 
* 40 Char. 14-18 Seg. 1 (10941)* 2 
* 20 Char. 5 x 7 MTX 1 (10938) 1 
* 32 Char. 5 x 7 MTX 1 (10938) 2 
* 40 Char. 5x 7 MTX 1 (10938) 2 
* 40 Char. 5 x 12 MTX 1 EA (10942) 2 
(10943) 
* 80 Char. 5 x 7 MTX 1 (10938) 4 
• 80 Char. 5 x 12 MTX 1 EA (10942) 4 
(10943) 
* Numeric + Bar Graph 1 (10951) 


*Also Controls Bar Graph Displays 


N 


Rockwell 


10937 


10937 


ALPHANUMERIC DISPLAY CONTROLLER 


PRELIMINARY 


DESCRIPTION 


The 10937 Alphanumeric Display Controller, one of the Rock- 
ме! Inteligent Display Controller products, is а MOS/LSI 
general purpose display controller designed to interface to seg- 
mented displays (gas discharge, vacuum fluorescent, or LED). 


The 10937 will drive displays with up to 16 characters with 14 
or 16 segments plus a decimal point and comma tail. Segment 
decoding within the device provides for the ASCII character set 
(upper case only). No external drive circuitry is required for dis- 
plays that operate on 10 ma of drive current up to 40 volts. A 
16 x 64-bit segment decoder provides internal ASCII character 
set decoding for the display. 


ORDERING INFORMATION 


Part Package Drive Temperature 
Number Type Voltage Range 


10937P-30 Plastic orc to +70°C 
10937Р-35 Plastic orc to +70°C 
10937 P-40 Plastic 0°C to +70°C 
10937PE-30 Plastic —40°С to +85°C 
10937PE-35 Plastic —40°С to +85°С 
10937PE-40 Plastic —40°С to +85°С 


DISPLAY 
DATA 
BUFFER 


TIMING 
АМО 
CONTROL 


DECIMAL PT. 


FEATURES 


16 character display driver with decimal point and comma tail 
14 or 16 segment drivers 

Average data rate: 66 KHz 

Single character burst rate: 500 KHz 

TTL compatible 

Direct digit drive of 10 ma for 30, 35, and 40 volt displays 
Supports gas-discharge, vacuum fluorescent, or LED displays 
64 x 16-bit PLA provides segment decoding for ASCII char- 
acter set (all caps only) 

e Serial data input for 8-bit display and control data words. 

e 40-Pin DIP 


SEGMENT 
DECODER 


COMMA TAIL 


DIGIT DRIVERS 


DRIVERS 


10937 Block Diagram 


Document No. 29000D85 
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Data Sheet Order No. D85 
Rev. 3, January 1983 


10937 
INTERFACE DESCRIPTION 


10937 Pin Functions 


Signal Name | Pin No. Function 


Power and signat ground 
AD16-AD1 Digits 16 through 1 driver outputs 
VDD DC power connection 
A А сіоск used only for device testing 
POR Power-on reset input 
DATA Serial data input 
SCLK Serial data clock input 
SGA-SGP Segments A through P driver outputs 
TAIL Comma tail driver output 
PNT Decimal point driver output 
SPECIFICATIONS 
Maximum Ratings 
Parameter Symboi Unit 


Supply Voltage 

Power Dissipation 

Input Voltage 

Output Voltage 

Operating Temperature 
Commercial 
Industrial 


Storage Temperature 
Input Capacitance 
Output Capacitance 


D.C. Characteristics 


Alphanumeric Display Controller 


PNT 

ТАН. 
SGP 
SGO 
SGN 
SGM 
SGL 
SGK 
56Ј 
за! 


SGH 
SGG 


SGF 
SGE 
SGD 
SGC 
SGB 
SGA 
SCLK 
DATA 


со ч nar WO һю = 


о 


10 
11 


- 
№ 


10937 Pin Configuration 


This device contains circuitry to protect the inputs against 
damage due to high static voltages, however, it is advised 
that normal precautions be taken to avoid application of any 
voltage higher than maximum rated to this circuit. 


All voltages are specified relative tD Vss. 


Limits (Vss = 45V) 


Parameter 


Min. Conditions 


Supply Voltage (Vpp) —15.0 

Input DATA, SCLK, 
Logic "1" 

Logic "0" 

input POR 
Logic "1" 

Logic "0" 

Output Digit and 
Segment Strobes 
Driver On 

Commercial 
industrial 
Driver Off 10937-30 
Driver Off 10937-35 
Driver Off 10937-40 
Output Leakage 
Input Leakage 


At 10mA 


determined by 
external circuit 


| Actual value 


\ Per driver at нА 
driver off ҺА 


NOTES: АН outputs require Pulldown Resistors. 


A.C. Characteristics 


Characteristic Symbol 


ail 


Internal Clock (1 Bit Time) 
Commercial 
industrial 
Segment or Digit Strobe Output 
SCLK Clock 
On Time 
Off Time 
Data Input Sample Time 
Before SCLK Clock Off 
After SCLK Clock Off 


Тсус 


Tout 


Ton 
Tott 


Thott 
Таон 


ns 
ns 
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10937 Alphanumeric Display Controller 


SCLK and Serial Data Timing 


SCLK 


DATA INPUT N 


“РАТА must be stable during this time. 


SCLK and Serial Data (Control Word) Examples 


һу MSB TIME —— — ———» 


ве РЕ ГЕТ. 


LOAD DUTY CYCLE - 11 


LOAD BUFFER POINTER = 11 


LOAD DIGIT COUNTER - 15 


NOTE: Crosshatch = don't care 


Data Word LSB/MSB Timing 


END OF NEX 


MIN 40 „ВЕС 


MIN 120 ,SEC 


Power-On Reset Voltage Limits 


VOLTAGE L— 100.8 MIN — 


10937 


Alphanumeric Display Controller 


FUNCTIONAL DESCRIPTION 


The 10937 is a general purpose display controller for multi- 
plexed, segmented displays with up to 16 character positions 
and 14 or 16 segments, pius decimal point and comma tail. No 
external drive circuitry is needed for displays requiring up to 10 
ma of drive current up to 40 volts. All timing signals required to 
control the display are generated in the 10937 device without 
any refresh input from the host processor. 


Input data is loaded into the Display Data Buffer via the Serial 
Data input (Data) channel. Interna! timing and control! blocks 
synchronize the segment and digit output signals to provide the 
proper timing for the multiplexing operation. A 16 х 64-bit PLA 
is provided for segment decoding for the full ASC1! character set 
(upper case oniy). 


Input data is loaded into the 10937 ADC as a series of 8-bit 
words with the most significant bit (MSB), bit 7, first. If bit 7 of 
any word loaded is a logical 1 (this bit is referred to as the control 
bit C), the loaded word is a control data word. If the C bit of any 
word is a logical 0, the loaded word is a display data word. The 
following paragraphs describe the format and functions of these 
control and display data words. 


INPUT CONTROL DATA WORDS 


When the C-Bit (bit 7) of the 8-bit input word is a logical 1, bits 
5 and 6 are decoded into one of four control commands while 
data associated with the command are extracted from bits 0-4 
(see Table 1). There are three control codes which perform the 
following display functions: 


• Load the Display Data Buffer pointer, 
e Load the Digit Counter, 
® Load the Duty Cycle register. 


A fourth contro! code is defined but is not intended as a user 
function (See note associated with Table 1). Table 1 lists the 
control codes and their functions. 


Load Buffer Pointer 


The LOAD BUFFER POINTER code allows the Display Data 
Buffer pointer to be set to any digit position so that individual 
characters may be modified. The LOAD BUFFER PTR is loaded 
with a decimal equivalent value 2 less than the desired value 
{.е., to point to character 6 of the display, a value of 4 is 
entered). 


Load Digit Counter 


The LOAD DIGIT COUNTER code is погтайу used only during 
initialization routines to define the number of character positions 
to be controlled. This code maximizes the duty cycle for any 
display. If 16 characters are to be controlled, enter a value of 
0 (zero). Otherwise, enter the value desired. 


Load Duty Cycle 


The LOAD DUTY CYCLE code is used to turn the display on 
and off, to adjust display brightness, or to modify display timing 
for gas discharge displays. As shown in the block diagram, the 
time slot for each character is 32 clock cycles. The Segment 
and Digit Drivers for each character are on for a maximum of 
31 cycles with & 1 cycle inter-digit off-time. The LOAD DUTY 
CYCLE code contains a 5-bit numeric field which modifies the 
on-time for segment Driver Outputs from 070 31 cycles. A duty 
cycle of 0 puts both the segment and digit drivers into the off 
state. 


INPUT DISPLAY DATA WORDS 


Display data words are loaded as 8-bit АЗС.! format codes. The 
64 codes available (with the C-bit set to 0 to indicate a display 
data word) are shown in Table 2 with their corresponding ASCII 


- characters. 


Sixteen display data words must be enterec to completely load 
the Display Data Buffer. The Buffer Pointer is automatically 


.incremented before each data word is stored in the Display 


Buffer except for decima! point and comma words. These do not 
cause the Buffer Pointer to increment and thus are always 
associated with the previous character entered. To select the 
next character position to be loaded out of the normal sequence, 
use the LOAD BUFFER POINTER command before entering 
the display data word. К is not necessary to use the LOAD 
BUFFER POINTER command to cycle back to position 1 when 
less than 16 character positions are being used (DIGIT 
COUNTER = 0). 


Table 1. Control Data Words 


8-Bit Control Word 


C-Bit (Bit 7) 7-Bit Code (Bits 6-0) Function 
1 010NNNN''! LOAD BUFFER POINTER (Position of character to be changed) 
1 тоомммм о» LOAD DIGIT COUNTER (Number of characters to be output) 
1 TINNNNNO? LOAD DUTY CYCLE (On/off and brightness control) 
1 ооммммм о) TEST MODE ONLY (Not а user function) 


Notes: 1. NNNN is a 4-bit binary value representing the 
digit number to be loaded 
2. NNNNN is a 5-bit binary value representing the 
number of clock cycles each digit is on. 


3. This code is a device test function only. If exe- 
cuted it will lock the device in the test mode 
which can be removed only by performing a 
power-on reset. 


10937 Alphanumeric Display Controller 


—- 1 DISPLAY CYCLE 
| 31 BIT TIMES 512 BIT TIMES 


1 BIT TIME 


<A 31 BIT TIMES 


NOTE: 


|| 
pel |6 1 ВІТ TIME 
i! Timing ehown Is for 16 charactera with a duty cycle of 31 


Figure 1. Display Scan Timing Diagram (Duty Cycle) 


Table 2. Character Assignments for Display Data Words 
DATA WORD | CHARACTER | DATA WORD | CHARACTER | DATA WORD | CHARACTER 


DATA WORD | CHARACTER 


0x000000 @ 0Х010000 Р 0X100000 0Х110000 0 
0X000001 A 0X010001 а 0Х100001 ! 0Х110001 1 
0X000010 B 0X010010 R 0X100010 ” 0Х110010 2 
0x000011 с 0Х010011 6 0Х100011 # 0X110011 3 
0X000100 D 0X010100 T 0X100100 $ 0X110100 4 
0X000101 E 0X010101 U 0X100101 96 0X110101 5 
0X000110 F 0X010110 У 0X100110 & 0X110110 6 
0Х000111 в 0Х010111 уу 0Х100111 d 0X110111 7 
0X001000 H 0X011000 X 0X101000 ( 0X111000 8 
0X001001 | 0X011001 Y 0X101001 ) 0X111001 9 
0X001010 J 0X011010 2 0Х101010 “ 0Х111010 : 
0X001011 K 0X011011 [ 0X101011 + 0Х111011 ! 
0Х001100 L 0Х011100. | 0X101100 ' 0X111100 « 
0X001101 M 0X011101 1 0Х101101 -- 0Х111101 = 
0Х001110 М 0Х011110 ГАХ 0101110 . 0X111110 > 
0Х001111 о 0Х011111 - 0Х101111 \ ) 0Х111111 2 
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РОМЕВ-ОМ ВЕЗЕТ (РОН) 


The Power-On Reset (РОВ) initializes the internal circuits of the 
10937 ADC when power (Мрр) is applied. The following condi- 
tions are established after a Power-On Reset: 


a. The Digit Drivers (AD1-AD16) are in the off state (floating). 

b. The Segment Drivers (SGA-SGP) are in the off state 
(floating). This includes PNT and Tail. 

. The cycle on-time for the LOAD DUTY CYCLE is set to 0 
cycles. 

. The LOAD DIGIT COUNTER is set to 16 (a bit code value 
of 0). 

. The LOAD BUFFER POINTER is set to 15 to allow the first 
character to be entered into position 1. 


DIGIT DRIVERS (AD1-AD16) 


The sixteen Digit Drivers (AD1-AD16) are used to select each 
of the display digits sequentially during a refresh scan. Display 
segments will be illuminated when both the Digit Drivers and 
Segment Drivers for a particular character are energized simul- 
taneously. The timing characteristics of both the digits and seg- 
ments are shown in Figure 1. See POR for the Power-On Reset 
state of these drivers. 


SGA 


sal 
SGH 


SGG 


SGF 
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SEGMENT DRIVERS (SGA-SGP) 


Sixteen (16) Segment Drivers are ргомаеа (SGA-SGP), plus 
the decimal paint (PNT) and comma tail (TAIL). The segment 
outputs are internally decoded from the 8-bit characters in the 
Display Data Buffer by means of a 64 x 16-bit PLA. The Seg- 
ment Driver Allocations are shown in Figure 2. Data codes and 
their corresponding segment patterns are shown in Figure 3. 
Timing characteristics for the segment outputs are shown in 
Figure 1. See POR for the Power-On Reset state of these 
drivers. 


NOTE 


For 14-segment displays, SGA is used for the top seg- 
ment and SGF is used for the bottom segment. SGB and 
SGE can be floated. 


TYPICAL SYSTEM HOOK-UP 


Figure 4 shows the 10937 driven by a Host System as it wouid 
be connected to a V-F display. EK is determined by the V-F 
display specifications and RC is selected to provide proper 
biasing current for zeners. Pull down resistors RA and RG are 
determined by the interconnection capacitance between the 
10937 and the display. 


SGB 
SGJ 
SGC 
SGK 
SGD 
зе. Ф PNT 
ae J TAIL 
P. 
SGE 


Figure 2. Segment Driver Allocations 
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DECIMAL 
POINT 


+ 
TAIL 


DECIMAL 
POINT 


NOTES: 1. Indicates characters that will not look the same as shown on a 14 segment display. 
2. The LSD corresponds to the three least significant bits (0-2) and the MSD corresponds to the next three bits 
(3-5) in Table 2. 


Figure 3. Display Segment Driver Character Patterns 
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10937 HOST 
CLOCK SYSTEM 
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Мр 
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Figure 4. Typical System Schematic 


10938 • 10939 


0 % | 10938 АМО 10939 


PLAY CONTROLLER 
Rockwell DOT MATRIX DIS 


DESCRIPTION FEATURES 

The Rockwell 10938 and 10939 Dot Matrix Display Controller e 20-character display driver cascadable to 80 or more 
is a two-chip MOS/LSI general purpose display controller system characters 

designed to interface to dot matrix displays (gas discharge, e Standard 5 x 7 character font. Custom fonts available by 


vacuum-fluorescent or LED). special order 

e Separate cursor driver output 

Direct drive capability for vacuum-fluorescent displays 

e 96 x 35 PLA provides segment decoding for full 96-character 


The two-chip set will drive displays with up to 35 anodes (dots) 
and up to 20 grids (characters) plus a cursor. The chips can be 
cascaded to drive larger displays of 80 characters or more with 


any number of segments. An internal PLA-type segment decoder ASCII set 
provides character decoding and dot pattern generation for the e Serial or parallel data input for 8-bit display and control 
full 96-character ASCII set. characters 

e Brightness, refresh rate, and display mode controls 


40-pin DIP 


ORDERING INFORMATION 


Part Package Temperature 
Number Type Range 


10938P Plastic ОС to +70°C 
10938PE Plastic -40%С to +85°C 
10939P Plastic 0°C to +70°C 
10939PE Plastic —40°С to +85°С 


20-CHARACTER 5 х 7 DOT MATRIX DISPLAY 
| | MUN 


10939 


ANODE DRIVERS AND LATCHES 
LOGIC 
о 


CONTROL 
LOGIC 
8-ВІТ SHIFT SHIFT CLOCK 


LEVEL 
ET 


Block Diagram of 10938 and 10939 


Document No. 29000D96 Data Sheet Order No. D96 
5-11 Rev. 1, November 1982 
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INTERFACE DESCRIPTION 


10938 Pin Functions 


Function 


Signai Мате 


Vss 
$G01-SG35 
SCLK-DIS 
DATA-LOAD 
Voo 

Vas 


Power and signal ground 
Segment driver outputs 

Serial data shift 

Serial data output/latch control 
DC Power 

Pull down driver voltage 


Voo 91 40 Б DATA-LOAD 
Vs 92 зө | SCLK-DIS 
| $635 Ц З зв 5 $601 
$634 94 зт sGo2 
$633 45 36 |1 5603 
$632 06 35 р 5604 
| 5631 (77 34 Б. $605 
$630 Цв 33 ђ 5606 
5029 (19 32 ђ 5607 
| 5628 0 10 зі б $608 
6027 d зо $609 
$626 [| 12 295 5610 
$625 (13 28h 5011 
$624 (114 27 ђ $612 
$623 (|15 26 D Vee 
| $622 (116 255 $613 
$621 (17 24H $614 
$620 518 23 $615 
$619 [19 2215 $616 
$618 g 20 а Б $617 
10938 Pin Configuration 


SPECIFICATIONS 


Maximum Ratings 


Dot Matrix Display Controller 


10939 Pin Functions 


Signal Name Pin No. |. Function 
Vss 36 Power and signal ground 
Voo 37 DC Power 
CLOCK 38 Synchronization Clock 
CURSOR 14 Cursor drive output 
MASTER 39 Master/Slave Mode contro! 
SIP 3 Sync Input 
SOP 2 Sync Output 
20-07 6-13 Serial or parallel data input 
LD 5 Input data strobe 
POR 4 Power-on reset 
SCLK-DIS 1 Serial data shift clock 
DATA-LOAD 40 Serial data output/latch control 
STROO-STR19 15-34 Anode Drive Outputs 
Voc 35 Pull down driver voltage 
SCLK-DIS DATA-LOAD 
5ОР MASTER 
ЯР CLOCK 
POR Voo 
LD Vss 
Do Vos 
Di STROO 
D2 STRO1 
D3 STRO2 
D4 STRO3 
05 STRO4 
D6 STROS 
07 STRO6 
CURSOR STRO7 
STAI9 STROS 
STR18 STRO9 
STRI7 STR10 
STRI6 STR11 
STR15 STR12 
STRI4 STR13 


3. Designates characteristics for 10939. 


Parameters 1 Notes Symboi Min Typ Max Unit 
Operating Temperature 1 
Commercial о +70 °C 
Industrial Te -40 %85 °C 
Storage Temperature | Ti —55 +125 "C 
m Operating Voltage 1 Мор ~22 —20 -18 Volts 
Operating Display Voltage | 1 Voc | -50 -30 |. Volts 
Power Dissipation (total) | 2 
loaa = 0 MA per driver PDO 40 100 mW 
liy = 2 MA per driver PDL 200 750 mw 
Њ Power Dissipation | 3 PD | 200 400 mw 
NOTES: 1. Designates characteristics for both 10938 and 10939. 
2. Designates characteristics for 10938. 


10938 & 10939 Dot Matrix Display Controller 


D.C. Characteristics 
Parameters Notes Symbol Min Typ Мах | Unit 


input 00-07, LD, SIP 3 
Logic "1" +0.3 M 
Logic "0" —4.2 V 
input POR 3 
Logic "1" +0.3 M 
Logic "0" -10.0 у 
Output SOP 3 
Logic "1" +0.3 M 
Logic "0" —4.2 V 
Output Digits, Cursor, and Segments 1 
Logic "1" (loaa = 10 mA) : M 
Logic "0" (lias = 0 mA) .95 Vac V 
NOTES: 1. Designates characteristics for both 10938 and 10939. 
2. Designates characteristics for 10938. 
3. Designates characteristics for 10939. 
A.C. Characteristics 
Parameter Min Typ Max Unit 
CLOCK Cycle Time 
Commercial 6.66 20.0 из 
industrial 5.88 22.2 из 
Display Outputs 7.5" из 
(STROO-STR19 and CURSOR) 1.54" из 
SERIAL INTERFACE TIMING 
Serial Clock (D1) 
On Time dun 04 20.0 из 
Off Time Tscott 0.4 из 
Сусје Time Тоссус 1.0 из 
Serial Data (DO) 
Set-up Time ‹ Же 400 ns 
Hold Time Tanota 400 ns 
Serial Clock to LD Time 600 ns 
LD to Serial Clock 400 ns 
PARALLEL INTERFACE TIMING 
Parallel Data (DO-D7) 
Set-up Time Tpsetup 0 ns 
Hold Time Тонаа 200 ns 
Data Load (LD) 
On Time Ticon 250 ns 
Off Time Tiaon 
Commercial 40.0 BS 
industrial 44.5 из 
Сусје Пте Т\асус 
Commercial 60.0 BS 
Industrial 66.7 из 


"40 pf. maximum load capacitance. 
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SERIAL INTERFACE TIMING WAVEFORMS 


— Tsccys 


Tecos = Tacon 
СЕНАТ CLOCK} S XXE А РИН би 
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muere EN 
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PARALLEL INTERFACE TIMING WAVEFORMS 
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FUNCTIONAL DESCRIPTION 


Once the display buffer has been loaded from the host pro- 
cessor, the 10938/10939 system generates all timing signals 
required to control the display. 


Input data is loaded into the Display Data Buffer via the Serial 
or Parallel Data Input channel on the 10939. Internal timing 
and control logic synchronize the digit output signals with the 
Serial Data and Load signals to the 10938 to provide the 
proper timing for the multiplexing operation. А 96 x 35 bit 
PLA is provided for decoding the full 96 character ASCII set. 


Input data is loaded into the 10939 as a series of 8-bit words. 
If the Serial Mode is selected, Input Data lines D2-D7 should 
be tied down to Von externally. Raising any one of these lines 
to the Vss level automatically shifts the 10939 into the Parallel 
Mode. Input data may be Control or Display data. The fol- 
lowing paragraphs describe the format and functions of these 
control and display data words. 


CONTROL DATA WORDS 


Control data words are distinguished from Display Data words 
by the fact that they must be preceded by a Control Prefix 
word (0000 0001 or 01.6). Control words and their functions 
are defined in Table 1. 


Table 1. Control Word Assignments 


Function 


Not used 

Load 01 into Data Buffer 

Not used 

Not used 

Not used 

Set digit time to 16 cycles per grid 

Set digit time to 32 cycles per grid 

Set digit time to 64 cycles per grid 

Enable Normal Display Mode (MSB in data words 
is ignored) 

Enable Blank Mode (data words with MSB — 1 
will be blanked) 

Enable Inverse Mode (data words with MSB — 1 
will be "inversed") 

Not used 

Not used 

Not used 

Start Display Refresh Cycle (use only once after 
reset) 

Not used 

Not used 

Load Duty Cycle Register with lower 6 bits (0-63) 
Load Digit Counter (80=32, 81-1, 82-2, etc.) 
Not used 

Load Buffer Pointer Register with lower 5 bits 
Not used 


Dot Matrix Display Controller 


Load Buffer Pointer 


The Load Buffer Pointer code sets the Display Data Buffer 
pointer. The lower 5 bits of the code are loaded into the buffer 
pointer (see Table 2). 


Table 2. Load Buffer Polnter Codes 


Character 
Position 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


NOTE: DO NOT USE CHARACTER POSITIONS 20-31. 


Load Digit Counter 


The Load Digit Counter defines the number of character 
positions (grids) to be controlled. This code is normally used 
only during initialization routines, but it may also be used in 
conjunction with the Load Duty Cycle control code to extend 
the range of brightness contro! (see Table 3). 


Load Duty Cycle 


The Load Duty Cycle code is used to turn the display on and 
off, to adjust display brightness, or to modify display timing. 
The time slot for each character is 16, 32, or 64 cycles as 
selected by the Load Digit Time codes (see Table 3). The 
segment and digit drivers for each character are on for a 
maximum of 13, 29, or 61 cycles with a 3.0 cycle inter-digit 
off-time. The lower 6 bits of the Load Duty Cycle code are 
loaded into the Duty Cycle Register. Resultant duty cycles 
are shown in Table 4. 
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Table 3. Load Digit Counter Codes 


Digit No. of Grids 
Code Counter Value Controlled 
80 00 32 
81 01 1 
82 02 2 
83 03 3 
84 04 4 
85 05 5 
86 06 6 
87 07 7 
88 08 8 
89 09 9 
ВА ОА 10 
8B ов 11 
8c oc 12 
8D oD 13 
8E OE 14 
8F ОР 15 
90 10 16 
91 11 17 
92 12 18 
93 13 19 
94 14 20 
95 15 21 
96 16 22 
97 17 23 
98 18 24 
99 19 25 
9A 1A 26 
9B 1B 27 
9C 1C 28 
9D 1D 29 
9E 1Е 30 
OF ЧЕ 31 


Load Digit Time 


The Load Digit Time codes set the total time for each char- 
acter during the refresh cycle. Three values сап be set using 
the three codes shown in Tabie 1. The default value set at 
power-on is 64 cycles per grid. For displays with 40 or more 
characters, or under conditions where the display can be 
subjected to quick movements during viewing (e.g. portable 
or vehicle-mounted applications), it may be necessary to 
increase the refresh rate by selecting 16 or 32 cycles per grid 
with the appropriate control code. 


Enable Display Mode 


Each ASCII character is represented by the lower seven bits 
of the 8-bit value loaded into the 10939. The eighth (most 
significant) bit is ignored in Normal display mode. If either 
Blank or Inverse mode is selected, however, a "0" in this bit 
selects Normal display mode, while a "1" selects either Blank 
or Inverse mode, depending on which mode is enabled. 
Three control codes are provided (see Table 1) to enable 
blank mode, enable inverse mode, or enable normal mode. 
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Table 4. Duty Cycle Contro! Codes 
Code |Digit Time=16 Digit Time-32 Digit Time- 64 
n 


In the Blank mode, any character with the М5В="1" will be 
blanked. in the Inverse mode, it will be displayed with all seg- 
ment driver outputs inverted. On video displays, this is referred 
to as "Inverse Video" format. These controls allow individual 
characters or groups of characters to be blinked or blanked 
by simply changing the mode without changing the data in 
the Display Buffer. 


Start Refresh 


At power on, the 10939 is held in an internal Halt mode. The 
normai display refresh sequence starts upon receipt of a 
Start Refresh contro! code. This is particularly useful for syn- 
chronizing systems using more than ore 10939. Only the 
Master 10939 in a muiti-chip sysiem will recognize the Start 
Refresh code, The Master starts the Slave(s) at the appro- 
priate time, using the SYNCO signal. 


10938 & 10939 
INPUT DISPLAY DATA WORDS 


Display data words are loaded as 8-bit codes. The eighth 
(most significant) bit specifies normal (0) ог blank/inverse (1) 
display mode, depending on the blank/inverse mode selec- 
tion {see Control data words 09 and OA in Table 1). Figure 
1 shows the ASCII codes for the segment patterns for a bar- 
graph display. 


Twenty display data words must be entered to completely 
load the Display Data Buffer. The Buffer Pointer automati- 
cally increments after each data word is stored in the buffer. 
To select the next character position to be loaded out of 
sequence, use the Load Buffer Pointer command. The Buffer 
Pointer will automatically reset to character position 0 when 
its value is equal to the Digit Counter programmed value. 


POWER-ON RESET 


The Power-On Reset (POR) initializes the internal circuits of 
the 10939. This is normally accomplished when power (Уоо) 
is applied. The following conditions are established by appli- 
cation of POR: 


a. The Grid Drivers (STROO-STR19) on the 10939 are in the 
off state. 

b. The Anode Drivers (5001-5035) on the 10938 are in the 
off state. 

c. The Duty Cycle is set to 0. 

d. The Digit Counter is set to 32. 

e. The Buffer Pointer is set to 0. 

f. The Digit time is set to 64. 

g. The Normal display mode is set. 

В. DATA-LOAD is set to high impedance state. 

i. SCLK-DIS is set to Vo, to disable the segment drivers in 
the 10938. 

j SOP is set to Vo, to disable the sync pulse. 


NOTES: 

1. When the POR signal is removed, SCLK-DIS is set to the 
high impedance state. 

2. During the initial rise time of Voo at power turn-on, the 
magnitude of Усс should not exceed the magnitude of 
Маш: 


DIGIT DRIVERS (STROO-STR19) PLUS CURSOR 


The 20 Digit Drivers select each of the display character 
positions sequentially during a refresh scan. Display seg- 
ments will be illuminated when both the Digit Drivers and 
Segment Drivers for a particular character are energized 
simultaneously. The Cursor segment is generated by the 
10939, but its timing characteristics are identical to the 16 
segments generated by the 10938. 


SEGMENT DRIVERS (5601-5635) 


Sixteen Segment Drivers are provided in the 10938. The 
output states for each ASCII character pattern and each bar- 
graph pattern are internally decoded from the 8-bit charac- 
ters received from the 10939 by means of a 96 x 16-bit PLA. 
Data codes and the corresponding of the АЗСИ patterns are 
shown in Figure 1. Data codes and the corresponding bar- 
graph patterns are shown in Figure 2. 
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The four least significant bits of the seven bit ASCII code are 
shown in hex notation down the left side of the table. The 
three most significant bits are shown across the top of the 
table. 


Figure 1. Dot Matrix Patterns 


10938 & 10939 Dot Matrix Display Controller 
TYPICAL SYSTEM HOOKUPS 


Figure 3 shows a 10938 and a 10939 in a parallel interface 
with the host system driving a 20 character display. Figure 
4 shows a 10938 and a 10939 in a serial interface with the 
host system driving a 20 character display. Figure 5 shows 
а 10938 and two 10939’s interfaced parallel with the host 
system driving a 40 character display. 


- FILAMENT 1 
20 CHARACTER VACUUM TUBE 
FLUORESCENT DISPLAY $ FILAMENT 2 


CURSOR 


Figure 2. 5 x 7 Dot Matrix Assignments 


STROO-STR19 


5601-5835 


sop 
ЯР 
10938 10939 
МАЗТЕЯ -15У (Мо) 
DATA-LOAD CLOCK N.C. 


SCLK-DIS 


LD 00-07 РОВ 


HOST SYSTEM 


Figure 3. Typicai Display System with Paraiiei interface to Host System 


= FILAMENT 1 
20 CHARACTER VACUUM ТОВЕ 
FLUORESCENT DISPLAY FILAMENT 2 


д 


————————————— 


CURSOR 
STROO-STRI9 
$G01-SG35 
ЗОР 
sip 
10938 10939 
MASTER -145V (Voo) 
DATA-LOAD CLOCK N.C. 
SCLK-DIS ў 
LD Do рт РОВ 9207 18V (Von) 


LATCH SERIAL DATA 
CLOCK 
HOST SYSTEM 


Figure 4. Typical Display System with Serial Interface to Host System 
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40 CHARACTER VACUUM TUBE 
FLUORESCENT DISPLAY 


5001-5035 
STROO-STR19 


HDST 
SYSTEM 


FILAMENT 1 | 


FILAMENT 2 


STROO-STR19 


MASTER 
10939 (SLAVE) 


Figure 5. Typical Display System with РагаНе! interface to Host and Two 10939 Devices 
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DESCRIPTION 


The Rockwell 10939, 10942, and 10943 Dot Matrix Display 
Controller is a three-chip MOS/LSI general purpose display con- 
troller system designed to interface to dot matrix displays (gas 
discharge, vacuum-fluorescent or LED). 


The three-chip set will drive displays with up to 46 anodes (dots) 
and up to 20 grids (characters) plus a cursor. The chips can be 
cascaded to drive larger displays of up to 80 characters with 
any number of segments. An internal PLA-type segment decoder 
provides character decoding and dot pattern generation for the 
full 96-character ASCII set. 


ORDERING INFORMATION 


10939, 10942, & 10943 
DOT MATRIX DISPLAY CONTROLLER 


10939 - 10942 - 10943 


FEATURES 


20-character display driver cascadable to 80 characters 
Standard 5 x 12 character font. Custom fonts available by 
Special order 

Separate cursor driver output 

Direct drive capability for vacuum-fluorescent displays 


e Two 96 x 23 PLA's provide segment decoding for full 96- 
character ASCII set 


Serial or parallel data input for 8-bit display and control 
characters 


e Brightness, refresh rate, and display mode controls 
10939 provided in 40-pin DIP 
10942 and 10943 provided in 28-pin DIF 


Part Package Temperature 
Number Type Range 
10939P Plastic 0°C to +70°С 
10939PE Plastic —40°С to +85°С 
10942P Plastic ӨС to +70°C 
10942PE Plastic —40°C to +85°C 
10943P Plastic arc to +70°C 
10943PE Plastic —40°C to +85°С 
20-CHARACTER 5 x 12 DDT MATRIX DISPLAY 
5001-5023 5501-5023 
ANODE DRIVERS AND LATCHES | ANODE DRIVERS AND LATCHES 
INVERSION | 
LOGIC LEVEL LEVEL 10891 
ОЕТЕСТ ОЕТЕСТ 
96 x 23 PLA ] 
ТИТ REGISTER 
LOGIC 
GRID 
DRIVERS | STROO-STR19 E 
Block Diagram of 10939, 10942, 10943 
и 


Document Мо. 29000099 
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Data Sheet Order Мо. 099 
March 1983 
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INTERFACE DESCRIPTION 
10942 and 10943 Pin Functions 


Signal Name Pin No. Function 


Уор 1 
Vss 2 


DC Power 

Power and signal ground 
$G01-SG23 3-17 19-26 | Segment (Anode) driver outputs 
Vac Pull down driver voitage 
SCLK-DIS Serial data shift 

DATA-LOAD Serial data output/latch control 


Ұй DATA-LOAD 

М0 2 SCLK-DIS 
5623 С з $601 
$622 [] 4 $602 
$621 С] 5 $603 
$620 Г] 6 $604 
56197 $605 
$618 [в $606 
$617 9 $607 
5616 10 5008 
$615 [] 11 Voc 
59140 12 $609 
$613 $610 
$612 $611 


10942 апа 10943 


Pin Configurations 


SPECIFICATIONS 


Maximum Ratings 


Parameters 


Operating Temperature 
Commercial 
Industrial 


Storage Temperature 


Operating Voltage 


Operating Display Voltage 
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10939 Pin Functions 


Pin No. 


Vss 36 Power and signal ground 
Voo 37 DC Power 

CLOCK 38 Synchronization Clock 
CURSOR 14 Cursor drive output 
MASTER 39 Master/Slave Mode control 
SIP 3 Sync Input 

SOP 2 Sync Output 


Signal Name Function 


00-07 6-13 Serial or рагаће! data input 
LD 5 Input data strobe 

POR 4 Power-on reset 

SCLK-DIS 1 Serial data shift clock 
DATA-LOAD 40 Serial data output/latch control 
STROO-STR19 15-34 Anode Drive Outputs 

Vac 35 Pull down driver voitage 


| 


SCLKDIS 1 DATA-LOAD 
SOP 2 MASTER 
ЯР 3 CLOCK 

POR Ц 4 Мор 
to 45 Vss 
ро цб Ус 
D1 7 STROO 
D2 8 STRO1 
D3 9 STRO2 
04 STRO3 
D5 STRO4 


STROS 
STROG 
STRO7 
STROS 
STRO9 
STR10 
STR11 
STR12 
STR13 


10939, 10942, & 10943 


D.C. Characteristics (Мур = —18 to —22 Vdc, Vss = 0 Мас, unless otherwise noted.) 


Dot Matrix Display Controller 


E Parameter Typ Max [ Units 
10942 & 10943 
Output Segments 
Logic "1" (Поло = 2 mA) M 
Logic "0" (поло = 0 mA) 0.95Vac V 
10939 
Input DO-D7, LD, SIP 
Logic “1” +0.3 V 
Logic "0" —4.2 M 
Input POR 
Logic “1” +0.3 M 
Logic "0" —10.0 M 
Output SOP 
Logic “1” +0.3 M 
Logic "0" —4.2 M 
Output Digits, Cursor 
Logic "1" (lioas = 10 mA) V 
Logic "0" (оаа = 0 mA) 0.96% сс V 
Note: TA = 0°С to +70°С (commercial) or —40*C to +85°С (industrial), unless otherwise noted. 
Operating Currents 
Maximum ' Typical Units 
Parameters Industrial Commercial ` 
ТА = — 40°С ТА =0°С ТА = 25°С 
Мро = -22Vdc Voo = -22Vdc Мор = -20Vdc 
T 
10942 & 10943 
Ibo 4.5 3.6 2.2 mA 
[ЖАШ 11.2 9.0 5.6 тА 
1552) 85.7 82.6 77.8 тА 
10939 (master) | 
loo 13.6 10.9 6.0 mA 
leg? : 1.0 0.8 0.5 mA 
Iss? 84.6 71.7 76.5 mA 
10939 (slave) 
ibo 9.1 7.3 4.0 mA 
lac 7? 1.0 0.8 0.5 mA 
1359) 80.1 78.1 | 74.5 mA 
Notes: 


1. The 10942 and 10943 each have 35 internal driver outputs, 23 of which are brought out. lag is proportional to the nurnber of drivers 
on. The values given are for all 35 drivers on. Divide igg shown by 35 to determine Igg for one driver. 
2. The 10939 will never have more than two drivers on at any one time; one grid driver and the cursor. The values shown are for two 
drivers on with 100% duty cycle. 
3. Iss = lop + 166 + lovr (lova = 35Xlioao) 
Example: For 10939 and 10943 (ТА = -40%С and Мрр = -22V): 
155 = 4.5 + 11.2 + (35 x 2.0) = 85.7тА. 
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A.C. Characteristics 


Parameter 
CLOCK Cycle Time 


Toye 


Commercial AS 
Industrial i 
Display Outputs Тон HS 
(STROO-STR19 and CURSOR) Tston eT 
Data Load (LD) 
On Time Tidon из 
Off Time Тон 
Commercial us 
Industriat AS 
Cycle Time Tideye 
Commerciat из 


Industrial 


SERIAL INTERFACE TIMING 
Serial Clock (D1) 
On Time 
Off Time 
Cycle Time 
Serial Data (DO) 
Set-up Time 
Hold Time 
Serial Clock to LD Time 
LD to Serial Clock 


PARALLEL INTERFACE TIMING 
Parallel Data (00-07) 

Set-up Time 
Hold Time 


T setup 
Tonoia 


* 40 pf. maximum load capacitance. 


SERIAL INTERFACE TIMING WAVEFORMS 


Teccys 
Tecon ---Тесон 
01 


(SERIAL CLOCK) | » = 2 —— 
L Tuae Tan —— 
| eee Ба 


1 
Таи | Таоа 


pent 


PARALLEL INTERFACE TIMING WAVEFORMS 


hice eee 
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Dot Matrix Display Controller 


FUNCTIONAL DESCRIPTION 


Once the display buffer has been loaded from the host pro- 
cessor, the 10939, 10942, and 10943 system generates all 
timing signals required to control the display. 


Input data is loaded into the Display Data Buffer via the Serial 
or Parallel Data Input channel on the 10939. Internal timing and 
control logic synchronize the digit output signals with the Serial 
Data and Load signals to the 10942/10943 to provide the proper 
timing for the multiplexing operation. Two 92 x 23 bit PLA's, 
one in the 10942 and the other in the 10943, decode the full 96- 
character ASCII set. 


Input data is loaded into the 10939 as a series of 8-bit words. 
If the Serial Mode is selected, Input Data lines D2-D7 should be 
tied down to Уро externally. Raising any one of these lines to 
ће Vss level automatically shifts the 10939 into the Parallel 
Mode. Input data may be Control or Display data. The following 
paragraphs describe the format and functions of these control 
and display data words. 


CONTROL DATA WORDS 


Control data words are distinguished from Display Data words 
by the fact that they must be preceded by a Control Prefix word 
(0000 0001 or 01:46). Control words and their functions are 
defined in Table 1. 


Table 1. Control Word Assignments 


Hex Value Function | 
00 Not used 
01 Load 01 into Data Buffer 
02 Not used 
03 Not used 
04 Not used 
05 Load Digit Time to 16 cycles per grid 
06 Load Digit Time to 32 cycles per grid 
07 Load Digit Time to 64 cycles per grid 
08 Enable Normal Display Mode (MSB in data words is 
ignored) 
09 Enable Blank Mode (data words with MSB = 1 will 
be blanked) 
0A Enable Inverse Mode (data words with MSB = 1 will 
be "inversed") 
ов Not used 
ос Not used 
00 Not used 
0Е Start Display Refresh Cycle (use only once after 
reset) 
OF Not used 
10-3F Not used 
40-7F Load Duty Cycle Register 
80-9F Load Digit Counter (80:-32, 81-1, 82=2, etc.) 
А0-ВЕ Not used 
CO-DF Load Buffer Pointer Register with lower 5 bits 
EO-FF Not used 
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Load Buffer Pointer 


The Load Buffer Pointer code sets the Display Data Buffer 
pointer. The lower 5 bits of the code are loaded into the buffer 
pointer (see Table 2). 


Table 2. Load Buffer Pointer Codes 


Code Pointer Character 
Value Value Position 
со | 00 0 
C1 01 1 
C2 02 2 
сз 03 3 
C4 04 4 
C5 05 5 
C6 06 6 
C7 07 7 
C8 08 8 
C9 09 9 
CA 0A 10 
CB 0B 11 
сс ос 12 
CD 00 13 
СЕ 0Е 14 
СЕ OF 15 
00 10 16 
01 11 17 
02 12 18 
03 13 19 
04 14 20 
05 15 21 
06 16 22 
07 17 23 
08 18 24 
09 19 25 { NOT 
DA 1A 26 | USED 
DB 18 27 
DC 1C 28 
DD 1D 29 
DE 1E 30 
DF ТЕ 31 


Note: Do not use character positions 20-31. 


Load Digit Counter 


The Load Digit Counter defines the number of character posi- 
tions (grids) to be controlled. This code is normally used only 
during initialization routines, but it may also be used in con- 
junction with the Load Duty Cycle control code to extend the 
range of brightness control (see Table 3). 


Load Duty Cycle 


The Load Duty Cycle code is used to turn the display on and 
off, to adjust display brightness, or to modify display timing. The 
time slot for each character is 16, 32, or 64 cycles as selected 
by the Load Digit Time codes (see Table 1). The segment and 
digit drivers for each character are on for a maximum of 13, 29, 
or 61 cycles with a 3.0 cycle inter-digit off-time. The lower 6 bits 
of the Load Duty Cycle code are loaded into the Duty Cycle 
Register. Resultant duty cycles are shown in Table 4. 


10939, 10942, & 10943 


Dot Matrix Display Controller 


Table 3. Load Digit Counter Codes 


Digit 
Counter Vaiue 


No. of Grids 
Controlled 


Load Digit Time 


The Load Digit Time codes set the total time for each character 
during the refresh cycle. Three values can be set using the three 
codes shown in Table 1. The default value set at power-on is 
64 cycles per grid. For displays with 40 or more characters, or 
under conditions where the display can be subjected to quick 
movements during viewing (e.g. portable or vehicle-mounted 
applications), it may be necessary to increase the refresh rate 
by selecting 16 or 32 cycles per grid with the appropriate control 
code. 


Enable Display Mode 


Each ASCII character is represented by the lower seven bits of 
the 8-bit value loaded into the 10939. The eighth (most signifi- 
cant) bit is used to turn the cursor on in Normal display mode. 
If either Blank or Inverse mode is selected, however, а “0” in 
this bit selects Normal display mode, while a “1” selects either 
Blank or Inverse mode, depending on which mode is enabled. 
Three control codes are provided (see Table 1) to enable blank 
mode, enable inverse mode, or enable normal mode. 
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Table 4. Duty Cycle Control Codes 


Digit Time=16 Digit Time 32 Digit Time=64 

40 - 16 - 32 -- 64 
41 - 16 - 32 -- 64 
42 - 16 - 32 - 64 
43 1 15 1 31 1 63 
44 2 14 2 30 2 62 
45 3 13 3 29 3 61 
46 4 12 4 28 4 60 
47 5 11 5 27 5 59 
48 6 10 6 26 6 58 
49 7 9 7 25 7 57 
4А 8 8 8 24 8 56 
4В 9 7 9 23 9 55 
4C 10 6 10 22 10 54 
4D 11 5 11 21 11 53 
4E 12 4 12 20 12 52 
4F 18 3 13 19 13 51 
50 13 3 14 18 14 50 
51 13 3 15 17 15 49 
52 13 3 16 16 16 48 

" " 17 15 17 47 
58 " " 25 7 25 39 
5С " " 26 6 26 38 
50 " " 27 5 27 37 
5Е " ^ 28 4 28 36 
5F " " 29 3 29 35 
60 " " 29 3 30 34 

" " 29 3 31 33 

" " " " 32 32 
7C " ^ " " 58 6 
7D " " " " 59 5 
7Е и " " " 60 4 
7F " " ^ " 61 3 


In the Blank mode, any character with the М$В=“1” will be 
blanked. In the Inverse mode, it will be displayed with all seg- 
ment driver outputs inverted. On video displays, this is referred 
to as “Inverse Video” format. These controls allow individual 
characters or groups of characters to be blinked or blanked by 
simply changing the mode without changing the data in the Dis- 
play Buffer. 


Start Refresh 


At power on, the 10939 is held in an internal Halt mode. The 
normal display refresh sequence starts upon receipt of a Start 
Refresh control code. This is particularly useful for synchro- 
nizing systems using more than one 10939. Only the Master 
10939 is a multi-chip system will recognize the Start Refresh 
code. The Master starts the Slave(s) at the appropriate time, 
using the SYNCO signal. 


10939, 10942, & 10943 


INPUT DISPLAY DATA WORDS 


Display data words are loaded as 8-bit codes. The eighth (most 
significant) bit (bit 7) is a dual purpose bit. This bit specifies 
normal (0) or blank/inverse (1) display mode, depending on the 
blank/inverse mode selection (see control data words 09 and 
ОА in Table 1). Bit 7 also controls the cursor output from the 
10939; on (1) or off (0). Note, however, that this bit always con- 
trols the cursor no matter what display mode is selected. 


Twenty display data words must be entered to completely load 
the Display Data Buffer. The Buffer Pointer automatically incre- 
ments after each data word is stored in the buffer. To select the 
next character position to be loaded out of sequence, use the 
Load Buffer Pointer command. The Buffer Pointer will auto- 
matically reset to character position 0 when its value is equal 
to the Digit Counter programmed value. 


DIGIT DRIVERS (STROO-STR19) PLUS CURSOR 


The 20 Digit Drivers select each of the display character posi- 
tions sequentially during a refresh scan. Display segments will 
be illuminated when both the Digit Drivers and Segment Drivers 
for a particular character are energized simultaneously. The 
Cursor segment is generated by the 10939, but its timing char- 
acteristics are identical to the 46 segment outputs generated by 
the 10942 and the 10943. 


SEGMENT DRIVERS (SG01-SG23) 


46 Segment Drivers are provided by the 10942 and the 10943. 
The output states for each ASCII character pattern are internally 
decoded from the 8-bit characters received from the 10939 by 
means of two 96 x 23-bit PLA's, one in the 10942 and the other 
in the 10943. Data codes and the corresponding ASCII patterns 
are shown in Figure 1. | 


Dot Matrix Display Controller 


POWER-ON RESET 
The Power-On Reset (POR) initializes the internal circuits of the 
10939. This is normally accomplished when power (Vpp) is 
applied. The following conditions are established by application 
of POR: 
а. The Grid Drivers (STROO-STR19) on the 10939 are in the off 
state. 
b. The Anode Drivers, 5001-5023 on the 10942 and SGO1- 
5023 on the 10943, are in the off state. 
. The Duty Cycle is set to 0. 
. The Digit Counter is set to 32. 
. The Buffer Pointer is set to 0. 
The Digit time is set to 64. 
. The Normal display mode is set. 
. DATA-LOAD is set to high impedance state. 
SCLK-DIS is set to Vo, to disable the secment drivers in the 
10942 and 10943. 
j ЗОР is set to Vo, to disable the sync pulse. 
NOTES: 
1. When the POR signal is removed, SCLIX-DIS is set to the 
high impedance state. 
2. During the initial rise time of V ор at power turn-on, the mag- 
nitude of Vac should not exceed the magnitude of V pp. 


= уто о Ф о о 


SEGMENTS 
DRIVEN BY 
10942 


SEGMENTS 
DRIVEN BY 
10943 


оо чост ьо № = 


ТЕ THESE FIVE TOGETHER"? 


Note: 
1. DRIVEN BY CURSOR LINE OF 10939. 


Figure 2. 5 x 12 Dot Matrix Assignments 
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10939, 10942, & 10943 Dot Matrix Display Controller 


Figure 1. Dot Matrix Patterns (Cont.) 
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10939, 10942, & 10943 Dot Matrix Display Controller 


TYPICAL SYSTEM HOOKUPS 


Figure 3 shows a 10939, 10942, and a 10943 in a parallel inter- 
face with the host system driving a 20-character display. Figure 
4 shows a 10939, 10942, and а 10943 in a serial interface with 
the host system driving a 20-character display. Figure 5 shows 
мо 1093965, a 10942, and а 10943 interfaced parallel with the 
host system driving a 40-character display. 


FILAMENT 1 
Y 
20-CHARACTER 5 x 12 DOT MATRIX VACUUM FLUORESCENT DISPLA FILAMENT 2 


/ 8001-5623 


5001-5623 


Т. DATA-LOAD кей 


[_ [| Бако Ша 


-16У (Voo) 
N.C. 


CURSOR 


<< STROO-STR19 


HOST SYSTEM 


Figure 3. Typical Display System with Parallel Interface to Host System 
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x FILAMENT 1 
20-СНАНАСТЕН 5 x 12 VACUUM FLUORESCENT DISPLAY 
FILAMENT 2 


x $G01-SG23 
5001-8023 

| 
Yoo у 

55 

| Ves 

10942 10943 
DATA-LOAD 
«| ‚Баков у] 
Ма У Уор 
БОР 
БІР 
-15V (Мор) --- 02-07 10939 MASTER -15У (Мо) 
CLOCK NC. йн 


> STROO-STR19 
LD 00 01 POR 


LATCH SERIAL DATA 
CLOCK 


HOST SYSTEM 


Figure 4. Typical Display System with Serial interface to Host System 
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FILAMENT 1 


40-CHARACTER 5 x 12 DOT MATRIX VACUUM FLUORESCENT DISPLAY 
FILAMENT 2 


| | 


5601-5023 


р 5601-5623 


-15У 
| Yoo 
+5\ 
Vss 
" -45У 
10942 % 
DATA-LOAD 
SCLK-DIS 


SCLK-DIS 


DATA-LOAD 


SCLK-DIS DATA-LOAD 


ЗОР 
ЯР 


MASTER 
10939 (MASTER) 10939 (SLAVE) 
CURSOR CURSOR 
STROO-STR19 STROC-STR19 
POR 00-07 Lo R 


CURSOR 


А STROO-STR19 


HOST SYSTEM 


Figure 5. Typical Display System with Parallel Interface to Host and Two 10939 Devices 
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DESCRIPTION 


The Rockwell 10939 and 10941 Alphanumeric and Bargraph 
Display Controller is a two-chip MOS/LSI general purpose dis- 
play controller system designed to interface with bargraph and 
segmented displays (gas discharge, vacuum-fluorescent or LED). 


The two-chip set will drive up to 20 segments and up to 20 grids 
(characters) plus a cursor. The chips can be cascaded to drive 
larger displays of 80 characters or more. Segment decoding for 


10941 AND 10939 
ALPHANUMERIC AND BARGRAPH 
DISPLAY CONTROLLER 


10941 • 10939 


FEATURES 


20-character display driver cascadable to 80 or more 
characters 


• Direct drive capability for vacuum-fluorescent displays 
• 96 x 16 PLA provides segment decoding for ASCII charac- 


ters (а! caps only) and bargraph patterns 
Serial or parallel data input for 8-bit display and control 
characters 


ASCII characters or the bargraph patterns is accomplished • Brightness, refresh rate, and display mode controls 
through an internal PLA. e Separate cursor driver output 
• 10939 comes in 40-pin DIP 
ORDERING INFORMATION • 10941 comes in 24-pin DIP 
Part Package Temperature 
Number Type Range 

10941P Plastic 0°C to +70°С 

10941PE Plastic —40°С to +85°С 

10939Р Plastic 0°C to +70°C 

10939PE Plastic —40°С to +85°С 

20-СНАВАСТЕН 16-SEGMENT ALPHANUMERIC ОВ BARGRAPH DISPLAY | 


5601-5916 


10941 


SEGMENT DRIVERS AND LATCHES 


INVERSION 
LOGIC 


96 x 16 PLA 


&-BIT SHIFT 
REGISTER 


SHIFT CLOCK 


CURSOR STROO-STR19 


10939 


GRID DRIVERS 


20x 8 
RAM 

CONTROL 
LOGIC 


Block Diagram of 10941 and 10939 
———— 


Document No. 29000D97 
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10941 & 10939 Alphanumeric and Bargraph Display Controller 


INTERFACE DESCRIPTION 


10941 Pin Functions 10939 Pin Functions 
Signal Name Pin No. Function Signa! Мате Pin №. Function 
Vss 2 Power and signal ground Vss 36 Power and signa! ground 
SG01-SG16 6-15, 17-22 | Segment driver outputs Моо, 37 ОС Ромег 
SCLK-DIS 23 Seria! data shift CLOCK 38 Synchronization Clock 
DATA-LOAD 24 Serial data output/latch contro! CURSOR 14 Cursor drive output 
Voo 1 DC Power MASTER 39 Master/Slave Mode control 
Vea 16 Pull down driver voltage SIP 3 Syne Input 
SOP 2 Sync Output 
00-07 6-13 Serial or parallel data input 
LD 5 input data strobe 
POR 4 Power-on reset, 
SCLK-DIS 1 Serial data shift clock 
DATA-LOAD 40 Serial data output/latch control 
STROO-STR19 15-34 Anode Drive Outputs 
DATA-LOAD Voc 35 Puli down driver voltage 
Vss SCLK-DIS 
NOT USED 5601 
NOT USED 5002 
NOT USED $603 SCLK-DIS DATA-LOAD 
5016 5604 ЗОР МАЗТЕВ 
$615 $605 SIP CLOCK 
5614 5006 РОН Мор 
5613 Vac LD Vss 
5012 5007 Do Усс 
5611 5608 D1 STROO 
5610 $609 02 STRO1 
D3 STRO2 
10941 Pin Configuration D4 STR03 
D5 STRO4 
06 57805 
07 STRO6 
CURSOR STRO7 
STR19 STROS 
STR18 STRO9 
STR17 STR10 
STR16 STR11 
STR15 STR12 
STR14 STR13 
SPECIFICATIONS 10939 Pin Configuration 
Це эз „- г, АРА И НИ ҚАУ. ак айк 2м] 
Maximum Ratings 
Parameters [ Notes Symbol Min Typ Max | Unit 
Operating Temperature 1 
Commercial 0 +70 °С 
Industrial Te —40 +85 °С 
Storage Temperature | т -55 +125 °C 
Operating Voltage 1 Vov -22 220 218 Е Volts 
Operating Display Voltage | 1 У -50 —30 Volts 
Power Dissipation (total) 2 | 
аа = 0 тА per driver PDO 40 100 mw 
| аа = 2 MA per driver PDL 200 750 mW 
Power Dissipation 3 PD 200 400 [ туу 


NOTES: 1. Designates characteristics for both 10941 апа 10939. 
2. Designates characteristics for 10941. 
3. Designates characteristics for 10939. 
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10941 & 10939 


D.C. Characteristics 


Alphanumeric and Bargraph Display Controller 


Parameter Notes 1 Symbol | Min Typ | Мах Unit | 
Input DO-D7, LD, SIP 3 t 
Logic "1" Мн -12 40.3 V 
Logic "0" Vu Voo —4.2 У 4 
input POR 3 Г Т 
Logic "1" М но -8.0 +03 V 
Logic "0" | Мао Voo -100 у 1 
Ошрш ЗОР 3 Г T 
Logic "1" Vousy —1.2 +0.3 V 
Logic "0" Voisv | Voo -4.2 У 
| Output Digits, Cursor, and Segments 1 Г | | 
Logic "1" (hoas = 10 mA) Vou -1.5 У 
- Logic "0" (lioas = 0 mA) Ма, Мав 95 Vac M 
NOTES: 1. Designates characteristics for both 10941 and 10939. 
2. Designates characteristics for 10941. 
3. Designates characteristics for 10939. __| 
A.C. Characteristics 
Parameter Symbol Min | Тур Мах Unit 
Б CLOCK Cycle Time Tove 
Commercial 6.66 20.0 BS 
industrial 5.88 22.2 m3 
Display Outputs Т.н 7.5* us 
(STROO-STR19 and CURSOR) Teton | | 1.54“ | из 
SERIAL INTERFACE TIMING 
Serial Clock (D1) 
On Time Tscon 0.4 20.0 BS 
Off Time Тьсон 0.4 us 
Cycle Time Т.сеус 1.0 BS 
Serial Data (DO) 
Set-up Time Tssetup 400 ns 
Hold Time T слога 400 ns 
Serial Clock to LD Time Та 600 ns 
- LD to Serial Clock Tis 400 | ns 
PARALLEL INTERFACE TIMING T 
Parallel Data (00-07) 
Set-up Time Tosetup 0 ns 
Hold Time Т, һаа 200 ns 
Data Load (LD) 
On Time Traon 250 ns 
Off Time Т вон 
Commercial 40.0 As 
Industrial 44.5 из 
Cycle Time Тасис 
Commercial 60.0 BS 
Industrial 66.7 из 


"40 pf. maximum load capacitance. 
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SERIAL INTERFACE TIMING WAVEFORMS 


(ВЕРА CLOCK) _ Гол Г 
А ! hari -> 
БР ИН РЕЧИН РЕ — — 


LD 


(DATA) SS хх SS ———— 


PARALLEL INTERFACE TIMING WAVEFORMS 
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Е 
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10941 & 10939 


FUNCTIONAL DESCRIPTION 


Once the display buffer has been loaded from the host pro- 
cessor, the 10941/10939 system generates all timing signals 
required to contro! the display. 


Input data is loaded into the Display Data Buffer via the Serial 
or Parallel Data Input channel on the 10939. Internal timing 
and control logic synchronize the digit output signals with the 
Serial Data and Load signals to the 10941 to provide the 
proper timing for the muitiplexing operation. А 96 x 35 bit 
PLA is provided for decoding the full 96 character ASCII set. 


input data is loaded into the 10939 as a series of 8-bit words. 
If the Serial Mode is selected, input Data lines 02-07 should 
be tied down to Vpp externally. Raising any one of these lines 
to the Vss level automatically shifts the 10939 into the Parallel 
Mode. Input data may be Control or Display data. The fol- 
lowing paragraphs describe the format and functions of these 
control and display data words. 


CONTROL DATA WORDS 


Control data words are distinguished from Display Data words 
by the fact that they must be preceded by a Control Prefix 
word (0000 0001 or 01,4). Control words and their functions 
are defined in Table 1. 


Table 1. Control Word Assignments 


Hex Value | Function 
00 Not used 
01 Load 01 into Data Buffer 
02 Not used 
03 Not used 
04 Not used 
05 Set digit time to 16 cycles per grid 
06 Set digit time to 32 cycles per grid 
07 Set digit time to 64 cycles per grid 
08 Enable Normal Display Mode (MSB in data words 
is ignored) 
09 Enable Blank Mode (data words with MSB = 1 
will be blanked) 
0A Enable Inverse Mode (data words with MSB = 1 
will be "inversed") 
ов Not used 
ос Not used 
oD Not used 
0Е Start Display Refresh Cycle (use only once after 
reset) 
ОЕ Not used 
10-3F Not used 
40-7F Load Duty Cycle Register with lower 6 bits (0-63) 
80-9F Load Digit Counter (80=32, 81=1, 82=2, etc.) 
А0-ВЕ Not used 
CO0-DF Load Buffer Pointer Register with iower 5 bits 
EO-FF Not used 
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Load Buffer Pointer 


The Load Buffer Pointer code sets the Display Data Buffer 
pointer. The lower 5 bits of the code are loaded into the buffer 
pointer (see Table 2). 


Table 2. Load Buffer Pointer Codes 


Code Pointer 


Character 
Value Value Position 
Co 00 0 
C1 01 1 
C2 02 2 
сз 03 3 
СА 04 4 
C5 05 5 
C6 06 6 
C7 07 7 
св 08 8 
C9 09 9 
CA 0A 10 
CB ов 11 
сс ос 12 
ср oD 13 
CE ОЕ 14 
СЕ ОР 15 
00 10 16 
01 11 17 
02 12 18 
03 13 19 
04 14 20 
05 15 21 
06 16 22 
07 17 23 
08 18 24 | мот 
09 19 25 [ USED 
DA 1A 2 
DB 1B 27 
DC 1C 28 
DD 1D 29 
DE 1E 30 
DF 1F 31 


NOTE: DO NOT USE CHARACTER POSITIONS 20-31. 


Load Digit Counter 


The Load Digit Counter defines the number of character 
positions (grids) to be controlled. This code is normally used 
only during initialization routines, but it may also be used in 
conjunction with the Load Duty Cycle control code to extend 
the range of brightness control (see Table 3). 


Load Duty Cycle 


The Load Duty Cycle code is used to turn the display on and 
off, to adjust display brightness, or to modify display timing. 
The time slot for each character is 16, 32, or 64 cycles as 
selected by the Load Digit Time codes (see Table 3). The 
segment and digit drivers for each character are on for a 
maximum of 13, 29, or 61 cycles with a 3.0 cycle inter-digit 
off-time. The lower 6 bits of the Load Duty Cycle code are 
loaded into the Duty Cycle Register. Resultant duty cycles 
are shown in Table 4. 


10941 & 10939 


Table 3. Load Digit Counter Codes 


Digit No. of Grids 


Counter Value Controlled 
80 00 
81 01 
82 02 
83 03 
84 04 
85 05 
86 06 
87 07 
88 08 
89 09 
ВА ОА 
8B ов 
8c ос 
8D 00 
8E ОЕ 
ВЕ OF 
90 10 
91 11 
92 12 
93 13 
94 14 
95 15 
96 16 
97 17 
98 18 
99 19 
ЭА 1А 
9B 1B 
9C 1C 
9D 1D 
9E 1E 
OF 1F 


Load Digit Time 


The Load Digit Time codes set the total time for each char- 
acter during the refresh cycle. Three values can be set using 
the three codes shown in Table 1. The default value set at 
power-on is 64 cycles per grid. For displays with 40 or more 
characters, or under conditions where the display can be 
subjected to quick movements during viewing (e.g. portable 
or vehicle-mounted applications), it may be necessary to 
increase the refresh rate by selecting 16 or 32 cycles per grid 
with the appropriate control code. 


Enable Display Mode 


Each ASCII character is represented by the lower seven bits 
of the 8-bit value loaded into the 10939. The eighth (most 
significant) bit is ignored in Normal display mode. If either 
Blank or Inverse mode is selected, however, а "0" in this bit 
selects Normal display mode, while a "1" selects either Blank 
or Inverse mode, depending on which mode is enabled. 
Three control codes are provided (see Table 1) to enable 
blank mode, enable inverse mode, or enable normal mode. 
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Table 4. Duty Cycle Control'Codes 


Code | Digit Time-16 Digit Пте=32 Digit Time-64 
On On On Off On Off 


40 | — 16 | — | 32 - 64 
и | — в | — | 32 | — 64 
42 | — | 16 | — | 83 - 64 
43 1 15 1 31 1 53 
44 | 2 | 14 2 | 30 2 | 62 
45 | 3 | 13 3 | 29 з | 6 
46 | 4 | 12 4 | 28 4 | 60 
a7 | 5 | 1 5 | 27 5 | 59 
48 | 6 | 10 6 | = 5 | 58 
49 | 7 9 7 | 25 7 | 57 
4A | 8 8 8 | 24 8 | 56 
4B | 9 7 9 | 23 9 | 55 
4C | 10 в | 10 | 22 10 | 54 
4D | 1 5 | n 21 11 53 
4Е | 12 4 | 12 20 12 52 
AF | 13 з | 13 19 13 51 
50 | 13 з | 14 18 14 | 50 
51 | 13 3 | 15 17 15 | 49 
52 | 13 3 | 16 16 16 48 

; " 17 15 17 47 
58 | " " 25 7 | 25 | 39 
sc |" ; 26 в | 26 38 
50 | " | 27 5 | 27 |37 
БЕ |" 7 28 4-| 28 36 
SF | • | 29 з | 29 35 
во |" т 29 з | 30 34 

' i 29 з | 31 33 

| 7 ‚ 32 | 32 
тс |" i | : 58 6 
7 | " у " ў 59 5 
ТЕ | " i ? | 60 4 
ТЕ |" ? ? j 61 3 


In the Blank mode, any character with the MSB="1" will be 
blanked. In the inverse mode, it will be displayed with all seg- 
ment driver outputs inverted. On video displays, this is referred 
to as "Inverse Video" format. These controls allow individual 
characters or groups of characters to be blinked or blanked 
by simply changing the mode without changing the data in 
the Display Buffer. 


Start Refresh 


At power on, the 10939 is held in an internal Halt mode. The 
normal display refresh sequence starts upon receipt of a 
Start Refresh control code. This is particularly useful for syn- 
chronizing systems using more than one 10939. Only the 
Master 10939 in a multi-chip system will recognize the Start 
Refresh code. The Master starts the Slave(s) at the appro- 
priate time, using the SYNCO signal. 


10941`& 10939 Alphanumeric and Bargraph Display Controller 


INPUT DISPLAY DATA WORDS - 


Display data words are loaded as 8-bit codes. The eighth 
(most significant) bit specifies normal (0) or biank/inverse (1) / 
display mode, depending on the blank/inverse mode selec- бөлсе \ 
tion (see Control data words 09 and ОА in Table 1). Figure 4 | 
1 shows the ASCII codes for the segment patterns for а bar- \ \ 
graph display. oor / 


Twenty display data words must be entered to completely 
load the Display Data Buffer. The Buffer Pointer automati- 
cally increments after each data word is stored in the buffer. | 
To select the next character position to be loaded out of - 
sequence, use the Load Buffer Pointer command. The Buffer | 
Pointer will automatically reset to character position 0 when | 
its value is equal to the Digit Counter programmed value. 


POWER-ON RESET че -= 


The Power-On Reset (POR) initializes the internal circuits of 

the 10939. This is normally accomplished when power (Voo) / 

is applied. The following conditions are established by appli- 

cation of POR: 4 

а. The Grid Drivers (STROO-STR19) on the 10939 are in the 
off state. 


b.. The Segment Drivers (8G01-SG16) on the 10941 are in 
the off state. / / 


. The Duty Сусіе is set to 0. / 

. The Digit Counter is set to 32. T 

. The Buffer Pointer is set to 0. 
The Digit time is set to 64. 


DECIMAL 
POINT 


* 
таң, 


| 


РА 


DECIMAL 
POINT 


Figure 1. 10941 14-Segment Display Patterns 


. The Normal display mode is set. 


. DATA-LOAD is set to high impedance state. 
SCLK-DIS is set to Vo, to disable the segment drivers in 
the 10941. 

j SOP is set to Vo. to disable the sync pulse. 


NOTES: 

1. When the POR signal is removed, SCLK-DIS is set to the 
high impedance state. 

2. During the initial rise time of Voo at power turn-on, the 
magnitude of М.с should not exceed the magnitude of 
Vov. 


DIGIT DRIVERS (STR00-STR19) PLUS CURSOR 


The 20 Digit Drivers select each of the display character 
positions sequentially during a refresh scan. Display seg- 
ments will be illuminated when both the Digit Drivers and 
Segment Drivers for a particular character are energized 
simultaneously. The Cursor segment is generated: Бу the 
10939, but its timing characteristics are identical to the 16 
segments generated by the 10941. 


T rar oan 


SEGMENT DRIVERS (SG01-SG16) 


Sixteen Segment Drivers are provided in the 10941. The 
output states for each ASCII character pattern and each bar- 
graph pattern are internally decoded from the 8-bit charac- 
ters received from the 10939 by means of a 96 x 16-bit PLA. 
Data codes and the corresponding of the ASCII patterns are 
shown in Figure 1. Data codes and the corresponding bar- 
graph patterns are shown in Figure 2. 


» 
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Input Code 


Segment Patterns (= Сп) 
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Figure 2. 10941 Bargraph PLA Codes 


10941 & 10939 Alphanumeric and Bargraph Display Controller 


TYPICAL SYSTEM HOOKUPS 


Figure 3 shows a 10941 and a 10939 in a parallel interface host systern driving a 20 character display. Figure 5 shows 
with the host system driving a 20 character display. Figure а 10941 and two 109395 interfaced parallel with the host 
4 shows a 10941 and a 10939 in a serial interface with the system driving a 40 character display. 


FILAMENT 1 


20 CHARACTER VACUUM TUBE 


FLUORESCENT DISPLAY FILAMENT 2 


CURSOR 


STROO-STR1S 


5601-5616 


MASTER 


—15\ (Мо) 


CLOCK N.C. 


HOST SYSTEM 


Figure 3. Typical Display System with Parailel interface to Host System 


FILAMENT 1 


20 CHARACTER VACUUM TUBE 


FLUORESCENT DISPLAY FILAMENT 2 


CURSOR 


STROO-STR19 


-15V 
+5V 
-45V 


= 45V (Voo) 
DATA-LOAD N.C. 


LATCH SERIAL DATA 
CLOCK 


HOST SYSTEM 


Figure 4. Typical Dispiay System with Serial Interface to Host System 


10941 & 10939 Alphanumeric and Bargraph Display Controller 


Е 
40 CHARACTER VACUUM TUBE ILAMENT 1 
FLUORESCENT DISPLAY ішек 


5001-5016 


STROO-STR19 STROO-STR19 


MASTER 
сгоск 10939 (SLAVE) 


— -5V (Vs) 


DATALOAD 


SCLKDIS 


LD 00-07 РОН 


HOST 
SYSTEM 


Figure 5. Typical Dispiay System with Parallel interface to Host and Two 10939 Devices 
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6 \ 10951 
ВАВСВАРН & NUMERIC 
Rockwell DISPLAY CONTROLLER 


Preliminary 
DESCRIPTION FEATURES 
The Rockwell 10951 Bargraph & Numeric Display Controller e 16 segment drivers plus decimal point and comma tail drivers 
(referred to as the 10951) is a LSI general purpose display con- • 16 digit drivers 
troller designed to interface to segmented displays (gas dis- Average data rate: 66 kHz 
charge, vacuum fluorescent, or LED). e Single character burst rate: 500 kHz 
The 10951 will drive 16-segment bargraph or seven-segment • TTL compatible | 
plus comma and decimal numeric displays with up to 16 display e Direct digit drive of 10 ma for 30, 35, and 40 volt displays 
positions. The controller accepts command and data input words e Supports gas-discharge, vacuum fluorescent, or LED displays 
on а clocked serial input Ine. commands control the опон ачу e Serial data input for 8-bit display and control data words 
Cycle, starting character position and number of characters to bi ; ; к 
display. Encoded data words display bargraph position (single e 64 x 16-bit PLA provides data decoding driving 
segment or increasing bar length), numbers, comma, decimal — Апу 1 of 16 bargraph segments 
and selected upper and lower case letters. No external drive —1 to 16 bargraph segments 
circuitry is required for displays that operate on 10 ma of drive —Ten seven-segment numeric characters (0-9) 
current up to 40 volts. A 64 x 16-bit segment decoder provides — Comma and decimal 


intemal ASCII character set decoding for the display. — Eight upper and lower case seven-segment characters 


e Command functions 


ORDERING INFORMATION — Onvoff duty cycle 


Drive Temperature — Character position 
Voltage Range — Number of characters 


10951P-50 Plastic 0°C to +70°C • 40-Pin DIP 
109541 PE-50 Plastic -40°C to +85°C 


DISPLAY SEGMENT 
DATA DECODER 
BUFFER 
TIMING 
AND 
CDNTROL 
DECIMAL РТ 
COMMA ТАН. 


DIGIT DRIVERS. 


ГРЕЕТ] ы 


10951 Block Diagram 


ии < 
Document Мо. 29000094 Data Sheet Order Мо. 094 
5-41 March 1983 


10951 


INTERFACE DESCRIPTION 


Bargraph & Numeric Display Controller 


vss 1 PNT 
10951 Pin Functions AD16 2 TAIL 
AD15 3 SGP 
Signal Name = No. Function А014 4 sco 
vss 1 Power and signal ground AD13 5 SGN. 
AD16-AD1 2-17 | Digits 16 through 1 driver outputs AD12 6 SGM 
VDD 18 DC power connection à 
GL 
A 19 A clock used only for device testing ADTI 7 3 
POR 20 Power-on reset input AD10 8 зок 
DATA 21 Serial data input AD9 SGJ 
SCLK 22 Serial data clock input ADB 50! 
SGA-SGP 23-38 | Segments A through P driver outputs АО? ван 
TAIL 39 Comma tail driver output AD6 SGG 
PNT 40 Decimal point driver output ADS SGF 
AD4 SGE 
SPECIFICATIONS АБА НЕЕ 
Maximum Ratings AD2 SGC 
Parameter Symbol ADI 508 
vDD SGA 
Supply Voltage Voo A SCLK 
Power Dissipation Ро РОВ DATA 
Input Voltage Ми а 
Output Voltage Vout 10951 Pin Configuration 
атов т This device contains circuitry to protect the inputs against 
industrial т damage due to high static voltages, however, it is advised 
Storage Temperature Tek that normal Precautions be taken to avoid application of any 
ћ voltage higher than maximum rated to this circuit. 
Input Capacitance Cin 
[Output Capacitance | Cour All voltages are specified relative to Ус, 
DC Characteristics 
— —— a 
Limits (Vss = %5У) 
Р м T M Mi T M Conditions Unit 
arameter n. ур. ах п. ур. ах or о 
= 4—4 
Supply Voltage (Vpp) ~16.5 -15.0 -13.5 -11.5 -10.0 -8.5 у 
Input РАТА, SCLK, у 
Logic "1" —1.0 +0.3 +4.0 +5.3 У 
Logic "0" Мос -4.2 Voo +0.8 
Input POR 
Logic "1" —3.0 +0.3 +2.0 +5.3 
Logic "0" Voo -10.0 Voo -5.0 
Output Digit and 
Segment Strobes 
Driver On 
Commercial -1.5 +3.5 At 10mA v 
Industrial —1.7 +3.3 M 
i Actual value 
Driver Off 10951-50 -50 7129 determined Бу y 
external circuit 
Output Leakage 10 10 } Per driver at ҺА 
input Leakage if 10 10 driver off BA ыы 
NOTES: All outputs require Pulldown Resistors. 
AC Characteristics 
Tis | 
[ Characteristic ] Symboi Min Typ Max 1 Unit 
Internal Clock (1 Bit Time) Тус. E 
Commercial 6.67 10.0 20.0 BS 
Industrial 5.88 10.0 22.2 из 
Segment or Digit Strobe Output Tout 200 ns 
SCLK Clock 
On Time Ton 1.0 20.0 BS 
Off Time Тон 1.0 из 
Data Input Sample Time 
Before SCLK Clock Off Тон 200 ns 
After SCLK Clock Off je Taott 100 |. ns 
-L = i. 
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10951 Bargraph & Numeric Display Controller 


SCLK and Serial Data Timing 


SCLK 


“РАТА must be stable during this time. 


SCLK and Serial Data (Control Word) Examples 


TIME ——————— 
+5v MSB 


LOAD DUTY CYCLE = 11 


LOAD BUFFER POINTER = 11 
LOAD DIGIT COUNTER = 15 


NOTE: Crosshatch = don’t care 


Data Word LSB/MSB Timing 


END OF NEXT 
DATA WORD DATA WORD 
д 


MIN 40 „ВЕС 


MIN 120 „БЕС 


Power-On Reset Voltage Limits 


VOLTAGE 


NOTE: Vss referenced to OV | 10048 m —_| 


5-43 


10951 
FUNCTIONAL DESCRIPTION 


The 10951 receives commands and data on a serial input 
line clocked externally by a separate clock input line. The 
controller decodes the commands from contro! data words, 
decodes the data words in accordance with an internal 64 x 16- 
bit programmable logic array (PLA) and turns on and off seg- 
ment and digit output drivers. The segment output patterns 
are controlled by the decoded data words while the digit 
output and segment output timing are controlled by the 
decoded control words. All timing signals required to control 
the display are generated in the 10951 device without any 
refresh input from the host processor. 


input data is loaded into the Display Data Buffer via the Serial 
Data Input (Data) channel. Internal timing and contro! blocks 
synchronize the segment and digit output signals to provide 
the proper timing for the multiplexing operation. The 16x64 
PLA decodes 8-bit data words to drive the 16 segment, 
comma and decimal point drivers. The decoded data words 
will drive 16 segments to display bargraph patterns (single 
Segment and multiple segment for increasing length dis- 
plays) or seven-segment patterns to display numbers, 
selected upper and lower case letters, comma and decimal 
point. 


input data is loaded into the 10951 as a series of 8-bit words 
with the most significant bit (MSB), bit 7. If bit 7 of any word 
loaded is a logical 1 (this bit is referred to as the control bit 
C), the loaded word is a contro! data word. If the C bit of any 
word is a logical 0, the loaded word is a display data word. 
The following paragraphs describe the format and functions 
of these control and display data words. 


INPUT CONTROL DATA WORDS 


When the C-Bit (bit 7) of the 8-bit input word is a logical 1, 
bits 5 and 6 are decoded into one of four contro! commands 
while data associated with the command are extracted from 
bits 0-4. There are three control codes which perform the 
following display functions: 


e Load the Display Data Buffer pointer, 

e Load the Digit Counter, 

• Load the Duty Cycle register. 

A fourth control code is defined but is not intended as a user 


function (see note associated with Table 1). Table 1 lists the 
control codes and their functions. 


Bargraph & Numeric Display Controller 


Load Buffer Pointer 


The LOAD BUFFER POINTER code allows the Display Data 
Buffer pointer to be set to any digit position so that individual 
characters may be modified. The LOAD BUFFER PTR is 
loaded with a decimal equivalent value 2 less than the desired 
value (i.e., to point to character 6 of the display, a value of 
4 is entered). 


Load Digit Counter 


The LOAD DIGIT COUNTER code is normally used only 
during initialization routines to define the number of character 
positions to be controlled. This code maximizes the duty 
cycle for any display. If 16 characters are to be controlled, 
enter a value of 0 (zero). Otherwise, enter the value desired. 


Load Duty Cycle 


The LOAD DUTY CYCLE code is used tc turn the display on 
and off, to adjust display brightness, or to modify display 
timing for gas discharge displays. As shown in the block dia- 
gram, the time slot for each character is 32 clock cycles. The 
Segment and Digit Drivers for each character are on for a 
maximum of 31 cycles with a 1 cycle inter-digit off-time. The 
LOAD DUTY CYCLE code contains a 5-bit numeric field 
which modifies the on-time for segment Driver Outputs from 
0 to 31 cycles. A duty cycle of 0 puts both the segment and 
digit drivers into the off state. Figure 1 shows the timing char- 
acteristics for the segment outputs. 


POWER-ON RESET (POR) 


The Power-On Reset (POR) initializes the internal circuits of 
the 10951 when power (Мор) is applied. The following con- 
ditions are established after a Power-On Reset: 


a. The Digit Drivers (AD1-AD16) are in the off state 
(floating). 

b. The Segment Drivers (SGA-SGP) are in the off state 
(floating). This includes PNT and TAIL. 

c. The cycle on-time for the LOAD DUTY CYCLE is set 
to 0 cycles. 

d. The LOAD DIGIT COUNTER is set to 16 (a bit code 
value of 0). 

e. The LOAD BUFFER POINTER is set to 15 to allow the 
first character to be entered into position 1. 


Tabie 1. Controi Data Words 
8-Bit Control Word ] 
C-Bit 7-Bit Code Function 
1 O10NNNN''! LOAD BUFFER POINTER (Position of character to be changed) 
1 100NNNN LOAD DIGIT COUNTER (Number of characters to be output) 
1 11 NNNNN? LOAD DUTY CYCLE (On/off and brightness control) 
1 OO0NNNNN?! TEST MODE ONLY (Not a user function) 


NOTE: 1. NNNN is a 4-bit binary value representing the digit 
number to be loaded 
2. NNNNN is a 5-bit binary value representing the 
number of clock cycles each digit is on. 
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3. This code is a device test function only. If exe- 
cuted it will lock the device in the test mode which 
can be removed only by performing a power-on 
reset. 


10951 


ap, № 
сы >| 1 BIT TIME 
Арг 


AD3 


ADS 
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| 31 BIT TIMES 


1 DISPLAY CYCLE >| 
512 BIT TIMES 


| | В 


= yal 


| 
Г] 


— xD 


46 31 ВТ TIMES 


|46 1 БІТ TIME 


МОТЕ: 
Timing shown Is for 16 characters with a duty cycle of 31 


Figure 1. Display Scan Timing Diagram (Duty Cycle) 
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INPUT DISPLAY DATA WORDS 


Display data words are loaded as 8-bit format codes. There 
are 64 codes available (with the C-bit set to 0 to indicate a 
display data word). 


Sixteen display data words must be entered to completely 
load the Display Data Buffer. The Buffer Pointer is automat- 
ically incremented before each data word is stored in the 
Display Buffer except for decimal point and comma words. 
The decima! point and comma words do not cause the Buffer 
Pointer to increment and thus are always associated with the 
previous character entered. To select the next character 
position to be loaded out of the normal sequence, use the 
LOAD BUFFER POINTER command before entering the dis- 
play data word. It is not necessary to use the LOAD BUFFER 
POINTER command to cycle back to position 1 when less 
than 16 character positions are being used (DIGIT COUNTER 
я 0). 


DIGIT DRIVERS (AD1-AD16) 


The sixteen Digit Drivers (AD1-AD16) are used to select 
each of the display digits sequentially during a refresh scan. 
Display segments will be illuminated when both the Digit 


SGP 
ѕао 
SGN 
SGM 
SGL 
SGK 
SGJ 
SGI 
SGH 
SGG 
SGF 
SGE 
SGD 
SGC 
SGB 
SGA 


SGA 


SGF SGB 


SGG 


SGE SGC 


SGD s PNT 
9 TAIL 


7-SEGMENT 
ALPHANUMERIC 


16-SEGMENT 
BARGRAPH 


Figure 2. Segment Allocation 
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Bargraph & Numeric Display Controller 


Drivers and Segment Drivers for a particular character are 
energized sirnultaneously. The timing characteristics of both 
the digits and segments are shown in Figure 1. See POR for 
the Power-On Reset state of these drivers. 


SEGMENT DRIVERS (SGA-SGP) 


Sixteen (16) Segment Drivers are provided (SGA-SGP), plus 
the decimal point (PNT) and comma tail (TAIL). The seg- 
ment, PNT and TAIL outputs are internally decoded from the 
8-bit characters in the Display Data Buffer by means of a 64 
x 16-bit PLA. The allocations for the 16-segment bargraph 
display and the seven-segment alphanurneric character plus 
comma and decimal point are shown in Figure 2. The input 
codes associated with seven-segment alphanumeric, comma 
and decimal point display are shown in Figure 3. The com- 
plete set of 8-bit codes for the bargraph and alphanumeric 
display is shown in Table 2. Note that only segment drivers 
SGA-SGG are used to drive the seven-segment characters. 
Segment drivers SGH-SGP may be usec! for other purposes 
as decoded in accordance with Table 2. Timing character- 
istics for the segment outputs are shown in Figure 1. See 
POR for the Power-On Reset state of these drivers. 


INPUT INPUT CODE (BITS 7-3) 
CODE 
(BITS 2-0) | 0X100 0X101 0X110 0X111 


010 


011 


100 
жиы: 
101 


110 


ЕЕ | 
ЕЕЕ 
| 
| 
| 


L—1 
Е 
ЕН 
EN 


11 
1 | | 


Figure 3. 7-Segment Patterns 
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Table 2. 10951 Data Codes 
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* Sets comma and decimal outputs for last character entered. 


** Sets decimal output for last character entered. 


NOTES: 
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TYPICAL SYSTEM HOOK-UP 


Figure 4 shows the 10951 driven by a Host System as it wouid current for zeners. Pull down resistors Ra and Rg are deter- 
be connected to a V-F display. Ек is determined by the V-F dis- mined by the interconnection capacitance between the 10951 
play specifications and Вс is selected to provide proper biasing and the display. 
+5 1 - 
Vss 7 


10 uf DATA —-— 
15V т 10951 HOST 
CLOCK SYSTEM 
v +5 
p» ADX SGX RESET| “ 
33K = 
Г. Мор 
TYPICAL 
ANODE 
Re TYPICAL (SEGMENT) 
i GRID 
DIGIT 
( ) Pa 
ANN ------М-Е DISPLAY 
Ва 
+ 4 
CN Ек ТЛ 


-Vpise 


Figure 4. Typical System Schematic 
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MICROCOMPUTER DEVELOPMENT SYSTEMS 
Low Cost, Flexible Systems Work With Multiple „С5 


To support product development, Rockwell offers a range 
of microcomputer development systems, each extremely 
economical when compared on a cost/performance basis 
with competitive development systems. 

The Rockwell AIM 65 microcomputer described in 
Section 7 functions as an extremely low cost, expandable, 
development system when used with the Rockwell Software 
Preparation System kit. The Rockwell Design Center (RDC) 
is an excellent, low cost, disk based development system, 
allowing concurrent development of up to four target R6500 
and R6500/* systems. 

The RDC is an easy to use, powerful development system 
for multi-chip and one-chip R6500 systems. А full line of 
support modules, macro assembler, link editor and high 
level PL/65 language are also available. R6500/* personality 
modules, additional RAM and a PROM programmer help 
add versatility. 


The RDC supports the growing trend to using single-chip 
microcomputers as slaves with rnulti- or single-chip 
microprocessor systems. The advantages of slaves include 
both cost and technical savings, such as eliminating some 
complex timing relationships. With the RDC, up to four 
different microprocessor personality modules can be 
performing in-circuit-emulation under control of the system. 
The RDC mainframe is constructed modularly, using the 
proven RM Eurocard design, so it can be expanded readily, 
as needed. The terminal unit includes CRT, disk drives, and 
keyboard. Up to 1.28 Mbytes can be addressed on the two 
96 TPI, double sided, double density, 5 %-inch disk drives. 

The RDC allows designers to economically and efficiently 
develop multiple microcomputer systems, regardless of the 
microcomputer device involved. Personality sets and target 
RAM modules are available for all R6500 and R6500/* 
configurations. 


Rockwell Design Center Development System 
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RDC-1001/2 


Microcomputer Development Systems 


RDC-1001/2 


ROCKWELL DESIGN CENTER (RDC) 


Rockwell 


INTRODUCTION 


The Rockwell Design Center (RDC) is a development system 
vertically integrated to support the entire R6500 family of micro- 
processors and microcomputers. The RDC allows emulation, 
development, and software debugging of up to four separate 
microprocessors and microcomputers concurrently, even if the 
four devices are different members of the R6500 family. The 
RDC is a disk-based system with two 96 ТРІ, double-sided, 
double-density 5%-inch floppy disk drives that provide a storage 
capacity of up to 1.3M bytes of data (formatted). 


A unique bus structure provides a separate system bus and four 
target busses which can operate at different speeds (up to 4 
MHz). Construction of the RDC is modular based on the proven 
RM 65 design using both single- and double-sized Eurocards 
and highly reliable DIN 41612 pin and socket connectors. The 
double Eurocards allow use of both the system bus and a target 
bus which can operate at different speeds. 


Featuring Softkey function keys, ihe RDC eliminates the need 
for an operator to learn extra key strokes and command struc- 
tures. A command line of operating modes is displayed across 
the bottom of the CRT screen so that the user need only push 
the corresponding function key to command the RDC to enter 
the mode of operation desired. 


FEATURES 
Hardware 


Modular construction based on proven RM 65 architecture 
Highly reliable, standard DIN 41612 pin and socket connectors 
Non-glare 12-inch CRT, green phosphor 

Detachable full ASCII intelligent keyboard 

Dual 96 TPI, double-sided, double-density 514-inch floppy 
disk drives 

Separate system bus and four independent target busses 

e Two serial ports—one юг RDC terminal interface—one for 
host system download 


Two parallel ports—one for RDC terminal interface—one for 
external printer 


64K byte RAM system memory 

Internal self-test panel for system troubleshooting 

Three separate CPUs for keyboard, CRT, and system control 
Designed for built-in PROM programmer option 


For users who already have an Intel ISIS II with mass storage 
program management, an R6500 cross-assembler is available. 
This allows the RDC to function as a satellite, providing a power- 
ful debug system. The RDC is also capable of receiving files 
from the Rockwell SYSTEM 65 Microcomputer. 


When used with the R6500/* Microcomputer or R6502-R65CO2 
Microprocessor Personality Sets, the RDC is a powerful emula- 
tion system for the complete family of Rockwell R6500/* one- 
chip microcomputers or NMOS R6502 and CMOS R65C02 
families of microprocessors. The multiple target bus structure 
of the RDC allows the user to emulate four devices concurrently, 
and at different speeds. 


Rockwell Design Center System 
Functional 
• Self-contained, disk-based operating system 
• Softkey function access to menu-driven operational modes 
® Text Editor 
• R6500 Macro Assembier/Linking Leader 
• SYSGEN configurable to user environment 
• Automatic power-up initialization of system and configurations 
• Separate system and target memory map 
* 4 target simultaneous emulation 
* Real-time in-circuit emulation, up to 4 MHz 
e Five hardware breakpoints per target, 32-bits wide with “don’t 
саге” bits 
• inside or outside window breakpoint with 1 byte resolution 
e Configurable as a satellite for an Intel ISIS Il host system 
or Rockwell SYSTEM 65 
• Self-test software 
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PRODUCT OVERVIEW FUNCTIONAL DESCRIPTION 
The RDC consists of three assemblies; the mainframe, a CRT 
terminal with floppy disk drives and a full ASCII keyboard. The Major Components and Interfaces 
mainframe contains the following components: The block diagram shows the architecture of the RDC system 
e The system bus and target/user busses and identifies the relationship between the system bus and the 
• Power supply and system cooling fans target busses. Although the block diagram shows only one 
• Two 32K Dynamic RAM modules for system memory Target Interface, it represents the architecture of each of the 
3 four target busses. The terminal keyboarcl interfaces with the 
• Single Board Computer (SBC) module RDC system through one of the RS-232C ports (J3 connected 
• Floppy Disk Controller (FDC) module to the ACIA module). The CRT interfaces with the RDC system 
e Asynchronous Communications Interface Adapter (ACIA) through a parallel port (J3 connected to the MP! module). The 
module with 2 channels for keyboard interface and user disk drives interface to the RDC system through a separate port 
RS-232C ` (02 connected to the FDC module). All other control functions 
• Multi-function Peripheral Interface (МР!) module with two of the RDC system interface directly through the RDC system 


bus. Note that the Personality Set PMC module interfaces the 


ports for interface to the CRT terminal and to a printer 
RDC system bus to the target bus. 


e 24-pin and 28-pin PROM sockets for optional PROM Pro- 
grammer module 


i 
The terminal assembly consists of a non-glare 12-inch, green Bus Structure 


phosphor CRT, a video display controller module, and two 5%- The RDC system operates through a multiple bus structure—a 
inch floppy disk drives. The keyboard is intelligent for full ASCII system bus and four target busses. The system bus contains 
operation. 21 card slots to accommodate single Eurocard modules or 


OPTIONAL R6500/* or R6502-R65C02 
PERSONALITY SET 
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RDC System Block Diagram 
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Rockwell Design Center 


double Eurocard modules. Double Eurocard modules plugged 
into the system bus are common to the system bus and the 
target bus. Double Eurocard modules (such as the R6500/* 
Personality Set PMC module) are used for microcomputer 
emulation support. Single Eurocard module connectors on the 
system bus are used to interface with RDC microcomputer 
system modules such as the 32K RAM(2), SBC, FDC, ACIA, 
and MPI. 


The four target busses are segmented so that four separate 
emulations can be controlied by the system concurrently. Three 
of the target busses have four card slots each. Three of these 
slots will accept double Eurocard modules, and the fourth will 
accept a single Eurocard module. The double card slots are 
intended for a Personality Module Controller (PMC) module and 
future growth up to two Analyzer modules. The single card slot is 


TARGET BUSSES. 


SYSTEM BUS 


CARD CAGE 


J3 
PROM PROGRAMMER  VIDEO-KEYBOARD 
SOCKETS 


POWER SWITCH 


RDC MAINFRAME FRONT VIEW 


intended for plugging in a target (emulation) RAM module (8K 
x 8 or 64K x 8 depending upon the microcomputer to be 
emulated). These three target busses are color coded (blue, 
red, and yellow) on the RDC card cage for easy identification 
of the division of the target bus segments. The fourth target bus 
consists of nine Euroconnectors, four of which will accept double 
Eurocard modules and five of which will accept single Eurocard 
modules. 


A typical single target emulation configuration will consist of an 
R6500/* or R6502-R65C02 Personality Set (comprising a РМС 
module, Personality Pod, and Emulator Interface) and a target 
RAM module, as a minimum. Since up to four fully configured 
emulation systems can be supported concurrently, the ROC 
could be configured with any combination of four R6500/* or 
R6502-R65C02 Personality Sets, and four target RAM modules 
in addition to the RDC system control modules. 


POWER SUPPLY 


м 
PRINTER 
PORT 


PORT 
л 
RS232C 
PORT 


J2 
FLOPPY DISK 


RDC MAINFRAME BACK VIEW 


WHITE 
TARGET 
BUS 4 


TARGET 
BUSSES 


SYSTEM 
BUS 


RDC CHASSIS CARD CAGE 


RDC internal Layout and Card Cage Bus Structure 
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Operating Modes 


The RDC bootstrap ROM is initiated whenever the system is 
powered-up. The bootstrap program then loads the SYSGEN 
data and system program from the system disk drive. When the 
bootstrap is completed the CRT displays a Softkey menu for the 
function keys on the keyboard. It is this menu that prompts the 
user to select the mode of operation required. The Softkey 
prompts displayed at this time are: 


SATELLITE LOCAL SYSGEN HELP 
These Softkey prompts represent the primary modes of oper- 
ation for the RDC system. When the function key corresponding 
to the CRT prompt location is pressed, one of the following 
modes is selected: 


SATELLITE—This mode provides the menus available for inter- 
facing the RDC as a satellite to the host system 
(Intel ISIS 11) 

LOCAL —This mode provides the menus available to the 
user from within the RDC without requiring host 
resources. 

SYSGEN —This mode allows the user to modify the diskette- 
stored system parameters on either a permanent 
(until another power-up condition) or a temporary 
basis. 

HELP —This тоде displays information which briefly 
describes the operational mode options available 
in SATELLITE, LOCAL and SYSGEN modes. Ail 
Softkey menus include à HELP which is always 
located on the CRT screen directly over the far 
right hand function key on the keyboard. 


Rockwell Design Center 


Each Softkey prompt, when selected by the function key, invokes 
а new set of Softkey prompts which further define the tasks to 
be performed by the mode. As an example, if the LOCAL prompt 
is selected, a new Softkey prompt menu displays: 


UTILITY, DEBUG HELP 


If UTILITY is selected from this prompt, a new menu displays: 


DISK FILE ЕХЕС HELP 
Selecting DISK invokes a new menu which asks: 
COPY BACKUP FORMAT DIR INIT HELP 


This hierarchy continues until al! parameters of the tasks of the 
mode selected have been established. At any time during the 
mode selection process the user has the option of calling back 
the previous set of Softkey menu prompts by simply pushing the 
~ (minus) key. 


The illustration shows the depth to which the command line 
prompts guide the user through selecting the desired mode of 
Operation. 


Mode 


Command Line Prompts 


| SATELLITE — DOWNLOAD (ISIS 1! or SYSTEM 65 PROTOCOL) • HELP 


LOCAL ————» UTILITY * рат • HELP 


И 


| • г. • Бердім * HELP 


|__» MEMORY • REGISTER • BREAKPOINT + L * RESET + PROTECT • DIRECTORY • HELP 


|. DISPLAY • CHANGE • LOAD • SAVE • HELP 


DUMP • MODIFY • TEXT * DISASN • SAVE * VERIFY • LOAD • HELP 


[———›> PROTECT е UNPROTECT • CLEAR.ALL • HELP 
NORMAL © STEP • DEBUGGER • HELP 
| === • STEP • HELP 
BP#1 • BP#2 e BP#3 © BP#4 ж BP#5 е CLEAR.ALL • HELP 


TEXT EDITOR * MACRO ASSEMBLER * PROM PROGRAMMER • USER FILES 
hilos * DELETE • RECOVER • RENAME * DIRECTORY • HELP 
| • BACKUP • FORMAT • DIRECTORY • INIT • HELP 


H 
SYSGEN KEEP • HOST » PRINTER • TARGETS • BEEPER • DISPLAY • HELP 
L___» CURRENT e TARGET 0 • TARGET 1 * TARGET 2» TARGET 3 * HELP 
PARITY • HI BAUD • LOW BAUD • WORD LEN * STOP BITS е HELP 
SAVE SYSGEN ON DISKETTE 
HELP MODE COMMAND LIST EXPLANATIONS 


Command Line Hierarchy (Typical) 
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INTERFACE 

Interface between the RDC system control modules and the port these cables are routed in the system. The Self-Test Panel 
connectors on the back panel! are made through ribbon cables. interface ribbon cable is attached to the test panel and has a 
The ribbon cables are permanently attached to the port con- connector on the other end that mates to the SBC module VO 
nectors. The terminal interfaces to the RDC system through two connector. The optional PROM programmer module connects 
cables with mating connectors on each end that are keyed for to the two PROM sockets through a single ribbon cable. 


proper installation. The RDC Cable Interface figure shows how 


RDC 
TERMINAL 


J3 
SERIAL 
TERMINAL 


J2 
PARALLEL 
TERMINAL 


SELF-TEST 
PANEL 
e ШЫЎ, 


32K 
RAM 
MOOULE 


32K 
RAM 
MOOULE 


SBC 
MOOULE 


ACIA 
MOOULE 


ROC MAINFRAME 


NOTE: (1) Ribbon cabies are physically attached to RDC Mainframe 
connectors J1 through J4 and have connectors on the 
other end that mate to the moduies. 


RDC Mainframe Internal/External Ribbon Cable Connections 


SPECIFICATIONS 
RDC Terminai 
Parameter RDC Mainframe CRT/FDD Keyboard 
Dimensions 
Height 11 in. (27.94 ст) 14 in. (35.56 cm) З іп. (7.62 ст) 
Width 20 in. (50.80 cm) 20 in. (50.80 cm) 20 in. (50.80 ст) 
Depth 18 in. (45.72 cm) 16 in. (40.64 cm) 8 in. (20.32 om) 
Weight 40 Ibs. (18 Kg) 42 Ibs. (19 Kg) 6 Ibs. (2.7 Kg) | 
Electrical 
AC Input Voltage 105 to 125 (RDC-1001) 105 to 125 (RDC-1001) 
210 їр 250 (RDC-1002) 210 to 250 (RDC-1002) 
AC Frequency 47 to 63 Hz 47 to 63 Hz 
Fuse Requirement 3 A slo-blo (RDC-1001) 3 A slo-blo (RDC-1001) 
1.5 A slo-blo (RDC-1002) 1.5 A slo-blo (RDC-1002) 
Environmental 
Temperature 59°F to 1049 (15°C to 40°C) operating 
With/Disk Media ~4°F to 140°F {— 20°С to 60°C) shipping 
—4*F to 122°F (- 20°С to 50°C) storage 
Humidity 20% to 80% non-condensing operating” 
1% to 95% non-condensing shipping 
1% to 95% non-condensing storage 
M a 
NOTE: *Disk media maximum wet bulb temperature 84.9°F (29.4°С) 
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ORDERING INFORMATION 


components: 
• RDC Mainframe 


Assembler) 


LL 


Part Number Description 

RDC-1001 | RDC System (100 Масу?) 

RDC-1002 НОС System (220 Vac)? 

RDC-1010 32K System RAM Module 

RDC-1011 8K Target RAM Module 

RDC-1012 64K Target RAM Module 

RDC-1030 PROM Programmer Module 

RDC-2000 R6500 Cross Assembler for Intel ISIS || 

Order Number(2? Document Title 

Арсоб RDC R6500/* Personality Set Data Sheet 

RDC11 RDC R6502-R65C02 Personality Set 
Data Sheet 

RDC12 RDC PROM Programmer Data Sheet 

RM08 ACIA Module Data Sheet 

RM10 SBC Module Data Sheet 

RM15 FDC Module Data Sheet 

RM24 MPI Module Data Sheet 

RM11 32K Dynamic RAM Module Data Sheet 

Notes: 


(1) Both system configurations are shipped with the following 


• RDC Terminal with 12" CRT and Dual 5%” Floppy Disk 
Drives and detached Keyboard 

* Six System Control modules—ACIA, FDC, SBC, MPI, 
and two 32K DRAM 

* All Required Interface Cables 

* Software Package (Utilities, Text Editor, Macro 


* Documentation Package 
(2) Documents provide further information about the RDC system. 
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PERSONALITY SETS 


Personality Sets are available for the RDC that allow emula- 
tion, development, and software debugging of the complete 
family of R6500/* Microcomputers and R6502-R65C02 
Microprocessors. The microcomputers and microprocessors 
supported by these Personality Sets are: 


* R6500/11P % R6500/13P • R6500/42P • R6511Q 
* R6500/12P • R6500/41P e R6500/43P  * Н65С02 
* R6541Q * R6501Q * R6502 * R6503 
* R65C102 * R65C112 * R6506 * R6507 
* R6504 * R6505 * R6514 * R6515 
* R6512 * R6513 * R6500/1F 


For complete information on ordering any particular 
Personality Set or groups of Personality Sets, refer to the 
RDC R6500/* Personality Set Data Sheet, Order Number 
RDCO6, ог НОС R6502-R65C02 Personality Set Data Sheet, 
Order Number RDC11. 


RDC-1XX • RDC-3XX 


Microcomputer Development Systems 


RDC-1XX AND RDC-3XX 
ROCKWELL DESIGN CENTER 
R6500/* PERSONALITY SET 


6% 


Rockwell 


INTRODUCTION 


The RDC R6500/* Personality Set is a Rockwell Design Center 
(RDC) option that allows the RDC user to develop, debug and 
verify programs intended for use by any R6500 one-chip micro- 
computer system. The R6500/* offers the user a high perfor- 
mance development system specifically designed for emulation 
of a microcomputer system. This RDC option supports in-circuit 
emulation for the entire R6500 family of one-chip microcomputers. 


The basic R6500/* Personality Set includes a Personality Module 
Controller (PMC), two Personality Emulator Pod Modules, a 
Device Adapter, an In-Circuit Emulation Probe assembly, an 
interconnect cable set, and the required software and support 
documentation. 


The R6500/* Personality Set provides the RDC with a dual CPU 
capability. This added feature permits the RDC CPU to maintain 
control, even while the R6500/* is executing a program, thus 
providing the user with complete control over the development 
process. 


The R6500/* Personality Set can be expanded to include four 
separate emulation systems which can be run concurrently on 
the ВОС. 


FEATURES 


Disk based macro assembler and debug monitor 
Provides 8K RAM in system (optional) 

Supports 65K address range in target environment 
Five hardware breakpoints with SYNC outputs 
User defined external break signal 

Single step through interrupts 

Supports four simultaneous target developments 
No zero page address conflicts 

Power down capability 

RAM write protection 

User or system supplied power and clock 
Real-time in-circuit emulation 

Menu-driven Softkey command selection 


RDC R6500/* Personality Set 
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мым 


USED FOR TRACE 
М ` MEDIUM LENGTH 
/ 60 PIN RIBBON 


LONG 60 PIN 
RIBBON CABLE 


EMULATION POD 


LONG 50 PIN "m LENGTH 
RIBBON CABLE BOARD 1 34/50 PIN 
RIBBON 


ADAPTER 
c ABLE 


PROBE 


SHORT 
RIBBON 
CABLE 


6 WIRE 
POWER 


PMC BOARD 


CABLE 
PMC MODULE CONNECTS л EMULATION POD OPTIONAL 
TO RDC SYSTEM BUS- BOARD 2 CONNECTOR FOR 
AND А TARGET BUS ~ Е, ҒАМ G 
PORTS 
(оя | 
———/ 
ВОС МАМЕВАМЕ USED РОВ TRACE 
System Interconnection 
RUN MODE/CONTROLLED EXECUTION CONTROLLED EXECUTION MODE COMMANDS 
COMMAND SUMMARY The Controlled Execution Mode commands are divided into five 
The R6500/* Personality Set is designed to allow the R6500/* groups, as follows: 
to execute independent of the RDC. Thus, while the R6500/* 
is executing code, the RDC CPU is still in operation. This allows 
certain functions to be performed by the RDC CPU without dis- Description 


turbing the execution of the R6500/*. COMMANDS TO DISPLAY MEMORY OR REGISTERS 


Display ог alter sixteen selected memory locations 
Display or alter next sixteen memory locations 
Display. ог alter previous sixteen memory locations 
Examine/modify RAM and ГО one byte at a time 
Dump memory in Hex and ASCII format 

Invoke disassembler 

Display or alter register contents 


COMMANDS TO SET PROGRAM BREAKPOINTS 
Set or reset software breakpoint addresses 
Enable or disable single step mode 
Set or modify hardware breakpoint 


RUN MODE COMMANDS 


The R6500/* debug monitor allows certain commands to be 
performed while the R6500/* is in the Run mode. The Run 
Mode commands are highlighted as follows: 


Description 


RUN MODE COMMANDS 
Issue Reset 
Examine or Modify Hardware Breakpoint 
Exit Run Mode 

Return to RDC Operating System 

Select a New PMC Module 

Enable/Disable the System Pointer 

Halt/ Resume Run 
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Description 


COMMANDS TO TRACE PROGRAM FLOW 
Toggle instruction trace on or off 
Toggle register printout on or off 
Show register form for printout 
Show last nine instruction addresses 


DISK FUNCTIONS 
Special disk functions 
Display disk directory 
Delete file 


MISCELLANEOUS COMMANDS 

Write protect memory blocks 

Load object code 

Start execution of user's program 
Dump memory 

Issue RESET 

Verify object code against memory 
Return control to RDC Operating System 
Initialize the current board 
Enable/disable printer 

Allow single step through interrupts 


INTERCDNNECT 
CABLE SET 


PERSONALITY MODULE 
CONTROLLER 


IN-CIRCUIT 
EMULATION ———— —3i 


PROBE ASSEMBLY 


RDC R6500/* Personality Set 


CONFIGURATIONS 


The RDC Personality Sets for the R6500/* Microcomputers, 
shown in the chart below, include one Personality Module Con- 
troller (PMC), two Personality Emulator Pod Modules, a Device 
Adapter, an In-Circuit Emulation Probe assembly, an intercon- 
nect cable set, and the required software and support docu- 
mentation. The RDC Personality Sets are available either bundled 
with an 8K Target RAM (the 100 series part numbers in the table 
below) or unbundled without the 8K Target RAM (the 300 series 
part numbers below). 


R6500/* Personality Sets 


RDC-101 or -301 
RDC-102 or -302 
RDC-111 or -311 
RDC-112 or -312 
RDC-121 or -321 


R6500/11P Personal 


ity Set, ! MHz 


R6500/11AP Personality Set, 2 MHz 
R6500/12Q Personality Set, 1 MHz 


R6500/12AQ Person 


ality Set, 2 MHz 


PERSONALITY 
EMULATDR POD 
MDDULE ND. 2 


R6500/13Q Personality Set, 1 MHz 
R6500/13AQ Personality Set, 2 MHz 
R6500/41P Personality Set, 1 MHz 
R6500/41 AP Personality Set, 2 MHz 
R6500/42Q Personality Set, ! MHz 
R6500/ 42AQ Personality Set, 2 MHz 
R6500/43Q Personality Set, 1 MHz 
R6500/43AQ Personality Set, 2 MHz 
R6500/1P Personality Set, ! MHz 
Н6500/1 АР Personality Set, 2 MHz 


RDC-122 or -322 
АОС-131 or -331 
RDC-132 or -332 
RDC-141 or -341 
RDC-142 or -342 
RDC-151 or -351 
RDC-152 or -352 
RDC-161 or -361 
RDC-162 or -362 


DEVICE 
ADAPTER 


PERSONALITY: PERSONALITY 
EMULATOR POD: EMULATOR POD 
MDDULE NO. 1 BOARD HOUSING. 


ONE INCLUDED 
WITH EACH SET 


RDC-1XX • RDC-3XX 


DEVICE ADAPTERS 


The Adapter/Emulator Devices are used to reconfigure RDC- 
1XX Personality Sets for use with other R6500/* Microcompu- 
ters. They replace the Adapter/Emulator Devices in the Person- 
ality Emulator Pod Module and contain the desired emuiator 
device. 


RDC-211 Adapter/Emulator Device 
(R6511Q) for R6500/11/12/13, 1 MHz 


RDC-212 Adapter/Emulator Device 
(R6511AQ) for R6500/11/12/13, 2 MHz 


RDC-221 Adapter/Emulator Device 


Description 


(R6541AQ) for R6500/41/42/43, 1 MHz 


RDC-222 Adapter/Emulator Device 
(R6541AQ) for R6500/41/42/43, 2 MHz 


RDC-231 Adapter/Emulator Device 
(R6500/1EC) for R6500/1, 1 MHz 

RDC-232 Adapter/Emulator Device 
(R6500/1EAC) for R6500/1, 2 MHz 


RDC R6500/* Personality Set 


IN-CIRCUIT EMULATION PROBES 


The {n-Circuit Emulation Probe assemblies used to reconfigure 
the RDC-1XX Personality Sets for use with other R6500/* 
Microcomputers are shown in the chart below. 


Part Number Description 


RDC-200 40-Pin Probe and cable for R6500/11P. 
Prerequisite, RDC-211 or -212 

RDC-201 64-Pin Probe and cables for R6500/12Q. 
Prerequisite, RDC-211 or -212 

RDC-202 64-Pin Probe and cables for R6500/13Q. 
Prerequisite, RDC-211 or -212 

RDC-203 40-Pin Probe and cable for R6500/41P. 
Prerequisite, RDC-221 or -222 

RDC-204 64-Pin Probe and cables for R6500/42Q. 
Prerequisite, RDC-221 or -222 

RDC-205 64-Pin Probe and cables for R6500/43Q. 
Prerequisite, RDC-221 or -222 

RDC-206 40-Pin Probe and cable tor R6500/1P. 
Prerequisite, RDC-231 or -232 
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INTRODUCTION 


The RDC R6502-R65C02 Personality Set is a Rockwell Design 
Center (RDC) option that allows the RDC user to develop, debug 
and verify programs intended for use by any R6500 one-chip 
microprocessor system. The R6502-R65CO02 offers the user а 
high performance development system specifically designed for 
emulation of a microprocessor system. This RDC option supports 
in-circuit emulation for the entire А6500 and R65CO00 family of 
one-chip microprocessors. 


The basic R6502-R65C02 Personality Set includes a Personality 
Module Controller (PMC), two Personality Emulator Pod Modules, 
five emulator devices (R6502, R6512, R65C02, В65С102, and 
R65C112), two prototype-to-pod interface cables, an RDC inter- 
connect cable set, and the required software and support 
documentation. 


The R6502-R65C02 Personality Set provides the RDC with a dual 
CPU capability. This added feature permits the RDC CPU to 
maintain control, even while the microprocessor is executing a 
„program, thus providing the user with complete control over the 
development process. | 


The R6502-R65C02 Personality Set can be expanded to include 
four separate emulation systems which can be run concurrently 
on the RDC. 


RDC-50X 


Microcomputer Development Systems 


RDC-502 AND RDC-504 
ROCKWELL DESIGN CENTER 
R6502-R65C02 PERSONALITY SET 


FEATURES 


* Disk based macro assembler and debug monitor 
* Provides 8K or 64K RAM in system (optional) 

• Supports 65K address range in target environment 
® Five hardware breakpoints with SYNC outputs 

* User defined external break signal 

* Single step through interrupts 

* Supports four simultaneous target developments 
* No zero page address conflicts 

* Power down capability 

* RAM write protection 

* User or system supplied power and clock 

* Real-time in-circuit emulation 

* Menu-driven Softkey command selection 


RDC R6502-R65C02 Personality Set 
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LONG 60 PIN 
RIBBON CABLE \ 


LONG 50 PIN 
RIBBON CABLE 


J1 


PMC BOARD 


PMC MODULE CONNECTS 
TO RDC SYSTEM BUS 
AND А TARGET BUS m 


RDC MAINFRAME 


EMULATION | 
BOARD 1 


EMULATION POD 
BOARD 2 


RDC R6502-R65C02 Personality Set 


40 PIN RIBBON 
CABLE 


CONNECT 
TO 40 PIN 
DEVICE 
CONNECTOR 
ON 
PROTOTYPE 


OR 


CONNECT 

TO 28 PIN 

=y DEVICE 
CONNECTOR 


|| ON 
\ PROTOTYPE 
- 6-WIRE 28 PIN 


POWER RIBBON 
45 CABLE CABLE 


System Interconnection 


RUN MODE/CONTROLLED EXECUTION 
COMMAND SUMMARY 


The R6502-R65C02 Personality Set is designed to allow R650X, 
R651X or R65XXX devices to execute independent of the RDC. 
Thus, while the emulator is executing code, the RDC CPU is 
still in operation. This allows certain functions to be performed 
by the RDC CPU without disturbing the execution of the emulator 
device. 


RUN MODE COMMANDS 


The R6502-R65C02 debug monitor allows certain commands 
to be performed while the emulator is in the Run mode. The-Run 
Mode commands are highlighted as follows: _ 


Description 


RUN MODE COMMANDS 
Issue Reset 
Examine or Modify Hardware Breakpoint 
Exit Run Mode 
Return to RDC Operating System 
Select a New PMC Module 
Enable/Disable the System Pointer 
Halt/ Resume Run 


CONTROLLED EXECUTION MODE COMMANDS 


The Controlled Execution Mode commands аге divided into five 
groups, as follows: 


Description 


COMMANDS TO DISPLAY MEMORY OR REGISTERS 
Display or alter sixteen selected memory locations 
Display or alter next sixteen memory locations 
Display or alter previous sixteen memory locations 

*Examine/modify RAM and ЏО one byte at a time 
Dump memory in Hex and ASCII format 
Invoke disassembler 
Display or alter register contents 


COMMANDS TO SET PROGRAM BREAKPOINTS 
Set or reset software breakpoint addresses 
Enable or disable single step mode 
Set or modify hardware breakpoint 


RDC-50X 


Description 


COMMANDS TO TRACE PROGRAM FLOW 
Toggle instruction trace on or off 
Toggle register printout on or off 
Show register form for printout 
Show last nine instruction addresses 


DISK FUNCTIONS 
Special disk functions 
Display disk directory 
Delete file 


MISCELLANEOUS COMMANDS 
Write protect memory blocks 
Load object code 
Start execution of user’s program 
Issue RESET 
Verify object code against memory 
Return control to RDC Operating System 
Initialize the current board 
Enable/disable printer 
Allow single step through interrupts 


PMC TO EPM2 
INTERCONNECT 
CABLE 

(50 РИМ) 


4 


EMULATOR POD 
MODULE NO. 2 (EPM2) 


PERSONALITY MODULE 
CONTROLLER (PMC) 


28-РІМ 
PROTOTYPE-TO-POD 
INTERFACE CABLE 


40-PiN 


PROTOTYPE-TO-POD 
INTERFACE CABLE 


RDC R6502-R65C02 Personality Set 


CONFIGURATIONS 


The RDC Personality Sets for the А6502-А65С02 Micro- 
processors, shown in the chart below, includes one Personality 
Module Controller (PMC), two Personality Emulator Pod 
Modules, one Emulator Device set, an interconnect cable set, 
and the required software and support documentation. 


R6502-R65C02 Personality Sets and Memory 


Part Number Description 
RDC-502 R6502-R65C02 Personality Set, 1-2 MHz 
RDC-504 R6502-R65C02 Personality Set, 4 MHz 
RDC-1011 8K RAM Target Memory, 1-2 MHz only 
RDC-1012 64K RAM Target Memory, 1-4 MHz 


EPM1 TO EPM2 PMC TO EPM1 
60-PIN INTERCONNECT 
INTERCONNECT CABLE 
CABLE (60 PIN) 
EMULATOR 
DEVICE 


6-WIRE 
POWER 
CABLE 


EMULATOR POD 
MODULE NO. 1 (EPM1) 


EMULATOR POD 
MODULE HOUSING 
ONE INCLUDED 
WITH EACH SET 


Typical R6502-R65C02 Personality Set Hardware Components 
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RDC R6502-R65C02 Personality Set 


R6502-R65C02 Personality Set Component List 


QUANTITY ITEM DESCRIPTION 

1 PMC Module Controller module that plugs into the RDC Mainframe. 

1 Emulator Pod Pod that contains EPM-1 and EPM-2, a short ribbon cable, a six-wire power cable, 
Module Assembly and the R6502 Emulator Device. 

1 Emulator Package Package contains the R6512, R65C02, R65C102 and R65C112 Emulator devices 

and 5 jumper headers for the 28-pin processors. 

2 PNC to Pod One cable with 60-pin connector on each end with one cable with a 50-pin 
interface Ribbon Cables connector on each end. 
(Long Length) 

2 Prototype-to-Pod One of two possible configurations: 


interface Cables 
(Medium Length) 


a. One ribbon cable with 40-pin connectors on each end. Used for emulating the 
R6502, 86512 R65C02, R65C102 or R65C112. 


b. One cable with a 28-pin connector on each end. Used for emulating the R6503, 
Н6504, 86505, R6506, R6507, 86513, 86514 or 86515. 
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CROSS ASSEMBLY 


The R6500 Cross Assembler provides the user with the capa- 
bility of developing assembly language programs on the Intel 
Development System and downloading these programs to the 
Rockwell Design Center (RDC) for debugging and in-circuit 
operation. 


The process of translating microprocessor instructions for a 
computer program written in symbolic form to executable 
machine instructions is called an assembly, and the computer 
program that performs this translation is called an assembler. 
Assemblers that run on a host computer different from the target 
computer that the generated machine code is to operate in are 
called cross assemblers. One assembly language statement 
usually translates into a single processor instruction. Each 
statement consists of a label (if required), a mnemonic operation 
code, an operand (if required), an arithmetic operator (if required) 
and an optional comment. Constants comprising one or more 
bytes of memory are generated from data statements while one 
or more bytes of memory are assigned to variables. This cross 
assembler is a symbolic assembler that allows the programmer 
to represent memory locations and numeric values with names 
or symbols. 


PRODUCT OVERVIEW 


The R6500 Cross Assembler for the Intel Development System 
allows users who have access to such a system and are accus- 
tomed to its text editor (ISIS CREDIT) to enter and edit source 
code, assemble the program and save both the source and 
object code on floppy disk. The object code can then be loaded 
into a Rockwell Design Center (RDC) for program debugging 
and in-circuit validation using an R6500, R6500/* ог R65C00 
Personality Set. Up to four personality sets can be installed in 
one ВОС Main Frame to maximize the utility of one Intel Devel- 
opment System and RDC. The object code can also be pro- 
grammed into PROM/ROM for execution by an R6500 NMOS 
or R65C00 CMOS microprocessor or masked in R6500/* NMOS 
one-chip microcomputer ROM for execution. 


The disk-based R6500 cross assembler is a two-pass symbolic 
assembler which produces absolute 6500 object code. It per- 
forms symbol (1-6 characters) definition, syntax checking, 
assembly/symbol table listings and cross reference generation 
for effective program development. Assembler operation is 
automatic once started. 


The assembler outputs to the console the pass it is currently 
performing and a dot for every 16 lines of source code assem- 
bled. Thís enables viewing of the assembly process and obser- 
vation of detected errors. List (.LST), object (.DBJ), and symbol 
(.SYM) files are automatically generated with the source name 
assigned as the header and the particular extension added. 


Document №. 29655N09 
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Microcomputer Development Systems 


RDC-2000 


R6500 CROSS ASSEMBLER 
FOR INTEL DEVELOPMENT SYSTEM 


FEATURES 


e Intel Development System Host 

e Supports Rockwell's 8-bit CPU devices: 

— А6500 NMOS microprocessor family 
—R6500/* NMOS microcomputer family 
—R65C00 CMOS microprocessor family 
Symbolic notation—operands and labels 
Interactive assembler operation 

Operator selected object code output devices 
—Display/ printer 

— Printer 

—Floppy Disk 

— Оомтоаа to RDC 

Operator selected assembly/error listing output 
—Display/Printer 

— Printer 

—Floppy Disk 

Assembler directives 

Symbolic cross-reference 

Communications support—downloading of object code 


ORDERING INFORMATION 
RDC-2000 | R6500 Cross Assembler for Intel Development 
System Disk (8" ISIS И compatible disk) 
Description 


RDCo2 R6500 Cross Assembler for Intel Development 
System User's Manual (included with RDC-2000) 


SYSTEM REQUIREMENTS 


The intel Development System must provide 64K bytes of 
memory and the Dual-Density Drive option to support the R6500 
Cross Assembler. 32K bytes are then available for application 
source code. The other 32K bytes contain the ISIS system (14K) 
and the cross assembler (18K). 


Data Sheet Order No. RDCOS 
March 1983 


RDC-2000 R6500 Cross Assembler for Intel Development System 


Assembler Directives 


Assembly Listing Control : Data Storage 
.TTL Title .WIDTH Line Length .ВУТЕ initialize byte тетогу location 


.PAGE Page -SKIP Skip | .WORD Generate 16-bit address 
ИМЕ Page Length ` .DBYTE Generate 16-bit data word 
.SBYTE Initialize ACSII string 
Source File Control 
.END End of Assembly Equate 


.MOD Assembly Type - Assign value to symbol 


Error Codes Pass 2 


Pass 1 1 .MOD DIRECTIVE MUST BE FIRST LINE ON LISTING 
1 OPERAND VALUE IS INVALID OR GT HEX FFFF INCORRECT FORMAT OF INDEX ADDRESSING, MISSING X 


~ 


2 OPERAND VALUE 1$ GREATER THAN HEX FFFF ORY 
3 INCORRECT ADDRESSING MODE 3 MISSING RIGHT PARENTHESIS 
4 SYMBOL NOT PREVIOUSLY DEFINED 4 LABEL LONGER THAN 6 CHARACTERS 
5 NO OPERAND 5 LABEL 1$ DEFINED MORE THAN ONCE 
6 АЗСИ STRING NOT PROPERLY ENCLOSED 6 RELATIVE BRANCH 1$ OUT OF RANGE 
7 MISSING .END STATEMENT 7 ILLEGAL OR MISSING OPCODE 
8 UNDEFINED ASSEMBLER DIRECTIVE 8 OPERAND LABEL 1$ DEFINED MORE THAN ONCE 
9 IMPROPER EQUATE FORMAT 9 SYMBOL TABLE FULL 
10 UNRECOGNIZABLE ASTERISK DEFINITION 10 MISSING LABEL FOR EQUATE 


11 INDIRECT ADDRESSING OFF OF ZERO PAGE 11 OPERAND LABEL GREATER THAN 6 CHARACTERS LONG 
12 INCORRECT FORM OF INDIRECT ADDRESSING, MISSING Y 12 .MOD VALUE IS INCORRECT FOR THIS ASSEMBLER 

13 INCORRECT FORM OF INDEX ADDRESSING, MISSING X 13 OPERAND NOT BETWEEN 0-7 

14 OPERAND MUST BE ON ZERO PAGE (00-$FF) 14 SYMBOL HAS ILLEGAL CHARACTER OR IS GREATER THAN 


15 ILLEGAL INSTRUCTION FOR THIS ASSEMBLER ZIJFFF 
Operators Constants (Prefix) 
Prefix Character Base Operator Operation 
(none) 10 (Decimal) + Additior: 
$ 16 (Hexadecimal) - Subtraction 
@ 8 (Octal) > High-Byte Selection 
< 


% 2 (Binary) Low-Byte Selection 
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INTRODUCTION 


The Rockwell R6500/* Personality Set is a System 65 Devel- 
opment System option that allows the System 65 user to develop, 
debug and verify special programs intended for use by any 
R6500 one-chip microcomputer system. The R6500/" offers the 
user a high performance development system specifically 
designed for emulation of a microcomputer system. This System 
65 option supports in-circuit emulation for the entire R6500 
family of one-chip microcomputers. 


The basic R6500/* Personality Set includes a Personality Module 
Controller (PMC), two Personality Emulator Pod Modules, a 
Device Adapter, an In-Circuit Emulation Probe assembly, an 
interconnect cable set, and the required software and support 
documentation. 


The R6500/* Personality Set provides the System 65 with a dual 
CPU capability. This added feature permits the System 65 CPU 
to maintain control, even while the R6500/* is executing a pro- 
gram, thus providing the user with complete control over the 
development process. 


The R6500/* Personality Set can be expanded to include four 
Separate emulation systems which can be run concurrently on 
the System 65 Development System. 


M65-1XX • M65-2XX 


Microcomputer Development Systems 


M65-1XX AND M65-2XX 


SYSTEM 65 


R6500/* PERSONALITY SET 


FEATURES 


Disk based macro assembler and debug monitor 
Provides 8K RAM in system 

Supports 65K address range in target environment 
Two hardware breakpoints with SYNC outputs 
User defined external break signal 

Single step through interrupts 

Supports four simultaneous target developments 
No zero page address conflicts 

Power down capability 

RAM write protection 

User or system supplied power and clock 
Real-time in-circuit emulation 


RUN MODE/CONTROLLED EXECUTION 
MODE COMMANDS 


The R6500/* Personality Set is designed to allow the R6500/* 
io execute independent of the System 65. Thus, while the 
R6500/* is executing code, the System 65 CPU is still in op- 
eration. This allows certain functions to be performed by 
the System 65 CPU without disturbing the execution of the 
R6500/*. Tables 1 and 2 list the commands for the Run Mode 
and Controlled Execution Mode respectively. The R6500/* debug 
monitor allows certain commands to be performed while the 
R6500/* is in the Run mode. 


System. 65 R6500/* Personality Set 
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M65-1XX • M65-2XX 


Table 1. 


Run Mode Commands 


Description 


Issue reset 

Examine or modify hardware breakpoint 
Exit run mode 

Return to System 65 monitor 

Select a new PMC board 

Give board number/emulator modal 
Enable/disable the system pointer 


$ 
<SPACE> Halt/resume run 


Table 2. Controlled Execution Mode Commands 


Command ЈЕ 


Description 


Commands to Dispiay Memory or Registers 

M Display sixteen selected memory locations 
<SPACE> Display next sixteen memory locations 

- Display previous sixteen memory locations 

B Examine/modify RAM and /О one byte at a time 


U Dump memory in Hex and ASCII format 
у Invoke disassembler 
R Display register contents 


Commands to Aiter Memory or Registers 
/ Alter memory location 

Alter program counter 

A Alter accumulator 

X Aiter X register 

Y Alter Y register 

P Aiter processor status 

S Aiter stack pointer 


Commands to Set Program Breakpoints 

Set or reset software breakpoint addresses 
Enable or disable single step mode 

Show all software breakpoint addresses 
Clear ail software breakpoints 

Set or modify hardware breakpoint 


ОФ VP 


mands to Trace Program Fiow 

2 Тодаје instruction trace оп or off 

V Toggle register printout on or off 

J Show register form for printout 

H Show last nine instruction addresses 


Disk Functions 


1 Special disk functions 
2 Display disk directory 
3 Delete file 


Miscellaneous Commands 

М Write project memory blocks 

Load object code 

Start execution of user's program 

Dump memory 

Issue RESET 

Verify object code against memory 

Return control to System 65 

Reinitialize R6500/1 Monitor either from 
System 65 or R6500/1 Monitor 

Reenter R6500/1 Monitor from System 65 

Enter the Text Editor 

Reenter the Text Editor 

Invoke the Assembier 

Select a new PMC board 

Initialize the current board 

Enable/disable printer 

Give board number/emulator model 

Stop on-going process 

Ailow single step through interrupts 


чох-оог 


m 
жо oOomzaimo 


о 
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System 65 R6500/* Personality Set 


ORDERING INFORMATION 

R6500/* Personality Module Sets 
Part Number ^. Descripi 
M65-101 


Description 
R6500/11P Personality Set, 1 MHz 


M65-102 R6500/11AP Personality Set, 2 MHz 
М65-111 R6500/12Q Personality Set, 1 MHz 
M65-112 R6500/12AQ Personality Set, 2 MHz 
М65-121 F6500/13Q Personality Set, 1 MHz 
М65-122 R65G60/13AQ Personality Set, 2 MHz 
M65-131 Н6500/41Р Personality Set, 1 MHz 
M65-132 R6500/41AP Personality Set, 2 MHz 
M65-141 R6500/42Q Personality Set, 1 MHz 
M65-142 R6500/42AQ Personal ty Set, 2 MHz 
M65-151 R6500/43Q Personality Set, 1 MHz 
M65-152 R6500/43AQ Personality Set, 2 MHz 
М65-161 R6500/1P Personality Set, 1 MHz 
M65-162 R6500/1 AP Personality Set, 2 MHz 


Adapter/Emulator Devices (1) 


Part Number Description 
M65-211 Adapter/Ernulator Device 
(R6511Q) for R6500/11/12/13, 1 MHz 
M65-212 Adapter/Emulator Device 
(R6511AQ) for R6500; 11/12/13, 2 MHz 
М65-221 Adapter/Emulator Device 
(R6541Q) for R6500/4 1/42/43, 1 MHz 
M65-222 Adapter/Emulator Device 
(R6541AQ) for R6500/4 1/42/43, 2 MHz 
M65-231 Adapter/Ernulator Device 
(R6500/1EC) for R6500/1, 1 MHz 
M65-232 Adepter/Ernulator Device 
(R6500/1EAC) for R6500/1, 2 MHz 
Note: 


1. Used to recontigure M65-1XX Personality Sets for use with 
other R650C/* Microcomputers. Replaces Adapter/Emulator 
Device in Personality Emulator Pod Module. 


In-Circuit Emulation Probes ©) 
Part Number 
M65-200 


Description 


40 Pin Probe and cable for 
R6500/11P. Prerequisite, M65-211 or 212 


64 Pin Probe and cables for 
R6500/12Q. Prerequisite, M65-211 or 212 


64 Pin Probe and cables for 
R6500/13Q. Prerequisite, M65-211 or 212 


40 Pin Probe and cable for 
R6500/41P. Prerequisite, M65-221 or 222 


M65-201 


M65-202 


M65-203 


M65-204 64 Pin Probe and cables for 


R6500/42Q. Prerequisite, 65-221 or 222 


М65-205 64 Pin Probe and cables for 


В6500/430. Prerequisite, М65-221 ог 222 


40 Pin Probe and cable for 
R6500/1P. Prerequisite, M65-231 or 232 


M65-206 


Note: 
1. Used to reconfigure M65-1XX Personality Sets for use with 
other R6500/* Microcomputers. 


M65-1XX • M65-2XX System 65 R6500/* Personality Set 


NOT USED 
LONG 50 PIN —_ — MEDIUM LENGTH 


RIBBON CABLE 60 PIN RIBBON 


LONG 40 PIN EMULATION POD 


RIBBON CABLE 


PMC BOARD 


EMULATION POD OPTIONAL 


PMC BOARD PLUGS CONNECTOR FOR 
INTO SYSTEM 65, BOARD 2 E, F AND G 
ANY AVAILABLE SLOT PORTS 


SYSTEM 65 NOT USED 


System Interconnection 


INTERCONNECT 
CABLE SET 


PERSONALITY MODULE 
CONTROLLER 
PERSONALITY 
EMULATOR POD 
_ MODULE NO. 1 


DEVICE 
ADAPTER 


PERSONALITY 
EMULATOR POD 


MODULE NO. 2 
PERSONALITY 


EMULATOR POD 

BOARD HOUSING. 
IN-CIRCUIT ONE INCLUDED 
EMULATION WITH EACH SET 
PROBE ASSEMBLY 


Basic R6500/* Personality Set 
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ADDITIONAL PROBES AND ADAPTERS 
SELECTION GUIDE 


If you already have a System 65 Personality Set for a member 
of the R6500/* family you need not purchase a complete new 
set to support another member of the family. The following 
matrix shows the minimum probes and adapters that need to 


R6500/11P 


System 65 R6500/* Personality Set 


be purchased to reconfigure your set for another R6500/* device. 
Select the device now being supported in the FROM row, find 
the device you wish to support in the TO column. The P/N's in 
the intersection will reconfigure your Personality Set. 


M65-211 M65-211 M65211 M65-211 
or-212 or212 or-212 or.212 


М65-200 | М65-200 M65-200 | М65-200 


М65-201 М65-201 
R6500/120 


4 
М65-211 M65-211 M65211 | М65-211 
ог-212 ог-212 or-222 or-212 


M65-201 M65-201 M65-201 | M65-201 


M65202 | М65-202 


R6500/130 


+ 2 
M65211 M65211 М65-211 M65211 
ог-212 ог-212 оғ-212 ог-212 


M65-202 | М65-202 М65-202 | М65-202 
| 


М65-221 M65-221 М65-221 


М65-203 | М65-203 | М65-221 


ог 222 or 222 or 222 ог-222 
В6500/41Р 
М65-203 | М65-203 | М65-203 М65-203 
T t а 
M65-221 | М65-221 | M65-221 | М65-204 М65-204 | М65-221 
R6500/420 or222 or 222 or-222 оғ-222 
М65-204 | М65-204 М65-204 | М65-204 
: — 
M65-221 | M65221 | M65221 | M65-205 | М65-205 M65-221 
вв500/430 ог 222 or 222 or.222 or.222 
M65.205 M65-205 M65-205 M65-205 


М65-231 М65-231 М65-231 
оғ 232 ог 232 оғ-232 


В6500/1Р 


M65-206 | M65-206 | М65-206 


д 


М65-231 М65-231 М65-231 
ог-232 ог-232 ог-232 


М65-206 М65-206 | М64-206 
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OVERVIEW 


The USER 65 Module permits users developing R6500-based 
Products to extend the full power of System 65 Development 
System into their equipment for in-circuit emulation. Available 
in both 1- and 2-MHz versions (M65-001 and 002), USER 65 
supports all ten R6500 CPU’s. M65-003 configuration is without 
the controller. 


USER 65 consists of two modules—a Host Module and a Buffer 
Module—and two interconnect cables. The USER 65 Host 
Module replaces the CPU Module in the System 65 chassis; it 
performs all CPU Module functions, plus several external func- 
tions. The USER 65 Buffer Module extends the System 65 bus 
lines (address, data, and control) to the user equipment. 


FUNCTIONAL DESCRIPTION 


USER 65 HOST MODULE 


The USER 65 Host Module shown in block diagram replaces 
the CPU Module in the System 65 chassis. It is capable of per- 
forming all functions of the CPU Module, plus external address 
selection, automatic power up, and external clock selection. The 
Host Module interface signals are listed in Table 1. 


The heart of the Host Module is the R6502 (711) micropro- 
cessor. It controls all functions of the System 65 and the user's 
external equipment. Crystal Y1 (1 or 2 MHz) generates the 
interna! clock for the R6502 CPU. Switch S3 is used to select 
either the internal generated clock or an externally provided 
clock input. 


USER BUFFER MODULE BUS LINES | 


CRYSTAL 
chock 


TO/FROM 
BUFFER 
MOOULE 


EXT. CLK. ON 


INT/EXT. ADBA. 
SELECT Sw. 


QUPZ/SYNCIRAN. 


ADDRESS 
ВЕСООЕ LOGIC 


SO/RDY/RESIRMVIRO 


SYSTEM BUS LINES (ON MOTHERBOARD) 


USER 65 Host Module Functional Block Diagram 
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М65-001, -002, -003 


Microcomputer Development Systems 


M65-001, -002, -003 
USER 65 MODULES 


M65-001 USER 65 Module 


The Host Module has automatic power-up circuit consisting of 
an NE555 timer (Z3) and associated discrete capacitors and 
resistors. This circuit will generate a 100 msec reset pulse fol- 
lowing power-up. 


The Host Module also contains the RS-232C and TTY baud rate 
generator circuitry. Crystal Y2 (1.8432 MHz) and baud rate gen- 
erator MC14411 (Z13) generate a baud rate clock. The Clock 
rate is multiplied by 16 (x16) to provide a selectable output 
baud rate from 110 to 9600. Switch S4 and the SN74152 (712) 
Select the baud rate. This output is then provided to the System 
65 bus to be used by the Monitor Module. 


The internal/external address selection is based on a decode of 
A15-A12, using an SN74159N (Z1) decoder. This device has 
Sixteen active low outputs. Each output represents a 4K address 
space and is selected. by Switches St and S2. The outputs are 
ORed together and inverted by SN7406 (Z2). This enable signal 
is then gated with R/W signal to form a READ signal and a 
WRITE signal, which are used in the USER 65 Buffer Module. 


The address lines and control lines 01, 62, DMA, and SYNC are 
buffered with 1.С.’з 8T97 (28-210, Z5). The data lines are 
inverted and buffered with 1.С.8Т26 (Z6, Z7). All of these lines 
are brought to the System 65 bus and are also taken out to the 
USER 65 Buffer Module through series terminators (A1-A4). 


The Control lines S.O., ROY, RES, NMI, IRQ are brought to the 
System 65 bus and are also brought from the USER 65 Host 
Module, then buffered with open collector buffers 5М7407(215). 
These inputs come only from the user's equipment; the RESET 
Switch on the front panel will not reset the external equipment. 


Product Description Order No. 220 
Rev. 2, August 1983 


M65-001, -002, -003 


System 65 bus line DMA is used to control the address and data 
bus lines. This line is pulled up internally with a 3K resistor. By 
pulling ОМА low, the address, data and R/W lines are set to the 
float state, allowing an external board to control them for DMA 
operations. The ОМА line does not stop the CPU—this must be 
done by controlling the RDY line as outlined in the R6500 
Microprocessor Data Sheet Order No. D39. 


USER 65 BUFFER MODULE 


The USER 65 Buffer Module receives the address, data and 
control lines from the USER 65 Host Module, buffers these sig- 
nals and interfaces them to the user's equipment. 


The address lines, SYNC and R/W lines are buffered with I.C.'s 
8T97 (21-23). The control lines RDY, RES, ММ, IRQ, and 5.0. 
are buffered with open collector 1.С.'ѕ SN7407 (Z4). The data 
lines are inverted and buffered with |.C.’s 8T26A (Z7 and 28). 
They have series terminators of 150 ohms (Z9). 


The 01 and 02 clocks are buffered by 8T97 (Z5). To use an 
external clock, jumper N must be installed. To use 01, jumper 
M must be installed. The DBE signal is provided for use during 
emulation of the R6512 CPU. This line has an internal pullup 
resistor of ЗК. When brought low it wil! disable the data bus 
drivers. 


Two other signals, READ and WRITE, are buffered by Z5. The 
READ signal is generated by the Host Module and is high when 
the R/W line is high and an external address is active. The 
WRITE signal, also generated by the Host Module, is high when 
R/W line is low and an external address is active. These two 
lines control the data bus buffers Z7 and Z8. 


Table 1. USER 65 Host Board to Buffer 
Board Interface Signals 
CONNECTOR J1 CONNECTOR J2 
PIN SIGNAL PIN SIGNAL 
| | — 
1 А0 1 EXT. CLDCK 
3 Al 3 02 
5 А? 5 gi 
7 A3 7 GATED READ 
9 А4 9 GATED WRITE 
11 АБ 11 57 
13 Аб 13 56 
15 А7 15 D5 
17 A8 17 D4 
19 A9 19 D3 
21 A10 21 52 
23 All 23 DI 
25 A12 25 Do 
27 A13 27 45V 
29 A14 29 45V 
31 A15 31 +5\ 
33 SYNC 33 +5\ 
35 RĀW 35 +5V 
37 RDY 37 +5V 
39 RESET 39 +5V 
41 NMI 
43 IRQ 
45 $0 


Note: Even-numbered pins are connected to Ground, 
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USER 65 Modules 


BUS LINES TO/FROM USER EQUIPMENT 


SO/RDY/RES/NMI/IRO 


BUFFER 


DATA 
BUFFER 


$1/é2/SYNC 


ADDRESS 
BUFFER 


SO/RDY/RES/NMVIRG 
READ. 
WRITE 


$iM2/SYNC 


EXTERNAL CLK. FROM USER EQUIPMENT 


ERI ЫК 


USER 65 BUS LINES 


USER 65 Butfer Module Functional Block Diagram 
USER 65 CABLES 


The cable assembly supplied with the USER 65 option provides 
the signal paths between the USER 65 Host and Buffer Mod- 
ules, and between the Buffer Module and the user's equipment. 
Since the USER 65 option is designed to eraulate all versions 
of the R6500 Family of CPU's, both a 40-pin cable and two 28- 
pin types of cables are provided. 


INSTALLATION 


USER 65 HOST MODULE 
Install the USER 65 Host Module in the System 65 as follows: 


1. Tum System 65 power off. 


CAUTION 


Never install or remove modules with System 65 power 
on—it may cause damage to the module and/or to the 
System. 


2. Remove the top cover of the System 65. 

. Remove the CPU Module. 

4. Set switches S1, S2, S3 and S4 on the USER 65 Host 
Module per Table 2. The switch positions are shown in Fig- 
ure 1. 

5. Plug the USER 65 Host Module into any convenient slot in 
the System 65 chasis. 

6. Route the cables from the Buffer Module through the back 
panel of System 65, through the slot provided. 

7. Connect the 40- and 50-pin cables from the Buffer Module 
to the top of the Host Module (trie connectors are keyed with 
arrows). 


о 


М65-001, -002, -003 USER 65 Modules 


BAUD RATE SELECT SWITCH 


CLOCK SELECT SWITCH 


ADDRESS 
SELECT 
SWITCHES 


JUMPERS 


Figure 1. USER 65 Host and Buffer Modules 


Table 2. USER 65 Host Module Switches 
8. Set switches S1 and S2 on the RAM Module per Tables 3 
and 4 to enable/disable and to select the address range of 


SWITCH 


FUNCTION 


the internal System 65 RAM. 
ADDRESS SELECT 
51/52 These switches determine whether address selection is NOTE 
internal or сета дог each 4K byte portion of men If external ВАМ adddresses are selected on the USER 65 
. n 
« ON internal memory is selected when The Witch i and the same addresses are selected and enabled on the 
OFF. System 65 internal RAM board(s), the internal RAM will 
override and prevent proper operation of the external 
$1 Switch Address Range RAM. 
1 $0000 - $0FFF 
2 $1000- $1FFF 9. Install the top cover. 
3 $2000 - $2F FF 
4 $3000 - $3F FF 
5 $4000 - $4FFF Table 3. RAM Module Enable/Disable 
6 $5000 - $5F FF Switch Definition 
7 $6000 - $6F FF 
8 $7000 - $7 FFF Switch 51/52-4 Position RAM Enable/Disable State 
S2 Switch Address Range 
1 $8000 - $8FFF RAM Disabled (Deselected) 
2 $9000 - $9FFF 
3 $A000 - SAFFF RAM Enabled (Selected) 
4 58000 - $BFFF 
5 %С000 - $CFFF 
6 $0000 - $DFFF Table 4. RAM Address Range Select 
7 $Е000 - $EF FF Switch Settings 
8 $2000 - $F FFF 


Switch $1/S2 Position 


pa | 2 а 8K Address Range Selected 


$0000 - $1F FF 


CLOCK SELECT 


Switch 53 selects either the SYSTEM 65 clock (INT) 
or an external, user-supplied clock (EXT). If ап exter- 
nal supplied clock is used, the frequency must be 
1 or 2 MHz + 1% if operation of the SYSTEM 65 
mini-floppy disks 15 required, It must always be a 
TTL level, square wave, clock input. 


$3 


$2000 - $3FFF 


$4000 - $5FFF 


$6000 - $7FFF 
BAUD RATE SELECT 


$8000 - $9FFF 


54 This switch determines the baud гаје for either the 


RS-232C or TTY ports. Switch settings are: 


$A000 - $BFFF 


(54) POSITION BAUD RATE 
%8С000- $DFFF 
0 110 
! 150 $EO00- $FFFF 
2 300 
3 600 Note: ‘‘Up” is toward the top edge of the module 
4 1200 
5 2400 
6 4800 
7 9600 
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USER 65 BUFFER MODULE 


Since the Buffer Module is designed 10 support ай CPU's in the 
R6500 family, specific jumpers’ or straps must be inserted to 
support the exact CPU being emulated. Table.5 gives the strap- 
ping requirements. Jumper locations are shown in Figure 1. 


The Buffer Module has two modes for thé R/W line. For 40-pin 
CPU emulation (R6502 and R6512), the R/W lind is connected 
to the user's equipment as is. Since the 28-pin CPU's do not 
provide all the address lines to the user's equipment, address 
conflicts can occur during System 65 Monitor execution. A gated 
R/W line is provided to prevent these conflicts; this line is nor- 
mally high, and goes low only when an external address is pres- 
ent and R/W is low. 


The Buffer Module also has straps for clock selection. One strap 
allows the 01 (OUT) signal to go to the user's equipment. Тһе 
other strap is used to allow an external clock |00 (IN) or £2 (IN)] 
to be used. Switch S3 on the Host Module must be set to EXT 
when the external clock is used. 


The Buffer Module is provided with three sockets and three 
cabels. The 40-pin socket (J3) should be used for either of the 
40-pin CPU's, R6502 or R6512. The cable labeled PS00-D603- 
001 should be used to connect from J3 to the user's equipment. 
The other two sockets (J4 and J5) are for use with the 28-pin 
CPU's. Table 5 correlates the socket and 28-pin cable to be 
used for each of the 28-pin CPU versions. 


The DBE (Data Bus Enable) line for the R6512 is available to 
the user's equipment. There is an internal 3K pullup resistor in 
the Buffer Module, so it can be left open if desired. To disable 
the data output drivers, pull the DBE line low. 


The installation procedure is: 


1. Remove the top of the USER 65 Buffer Module assembly. 

2. insert the desired jumpers, per Table 5. 

3. Connect either the 40-pin cable to plug J3 or the 28-pin cable 
to plug J4 or J5, as appropriate. 

. Reinstall the top of the Buffer Module assembly. 

. Рида the free connector of the cable into the user's equipment. 


NOTE 


Any conductive foam must be removed from the CPU plug 
pins to allow proper System 65 operation even when the 
CPU plug is not connected to user equipment. 


. Turn System 65 and user's equipment power on. 


USER 65 Modules 


Table 5, USER 65 Buffer Module 
Connection Requirements 
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User Buffer Е User's 
Equipment : Module Cable To CPU 
CPU Socket | User Equipment | Jumper Signal Pin 
ССС 
26502 J3 Р500-0603-001 | в R/W 34 
NM M #1 (OUT) 3 
MEE | есер» N* qM | 37 
R6503 J4 PS00-D605-001 P R/W 26 — 
B RES 1 
D vss 2 
E iRO 3 
F ММТ 4 
А 02 (OUT) | 28 
| N* | воем | 27 
[^ 26504 15 ша Р RAN 26 
B RES 1 
D VSS 2 
E ва 3 
A #2 IOUT) | 28 
L. L т] N* | gO (IN) | 27 
R6506 J4 Р500-0605-001 Р RAV 26 
B RES | 
D VSS ` 2 
K RDY 3 
$ TRO 4 
A 92 (OUT) | 28 
I— Д. № | BO (IN) 27 
26506 J4 PS00-D605-001 P ВАМ 26 
B RES 1 
D VSS 2 
L g1 (OUT) 3 
S TRO 4 
A #2 (Оут) | 28 
м #1 (OUT) 3 
№ | G0 (IN) 27 
R6507 J5 PS00-D605-001 P R/W 26 
B RES 1 
D VSS 2 
K RDY 3 
A 82 (OUT) | 28 
| № Go (IN) 27 
R6512 J3 PS00-D603-001 R R/W 34 
d. | № | #2 (IN) 37 
R6513 J4 PS00-D604-001 P R/W 26 
с VSS 1 
E iRG 3 
F NMI 4 
T RES 28 
| N* £2 (IN) 27 
R6514 5 Р500-0604-001 | P R/W [26 
С VSS 1 
E IRO 3 
T RES 28 
N* | 82 (IN) 27 
R6515 J4 Р500-0604-001 Р R/W 26 
с VSS 1 
J RDY 2 
L 
S IRG 4 
|| RES iE 
ж 
LL. | #2 (IN) 27 
*Jumper М is required with an external clock. Switch S3 on the 
USER 65 Host Module must be positioned to the EXT position 
when the extended clock or frequency reference із used. 


m 
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TYPICAL APPLICATION 


A typical application for the USER 65 module is illustrated. The 
user's system may include any combination of ROM's, PROM's, 
RAM's, /О devices, and a 40- or 28-pin CPU socket. For 
emulation purposes, the USER 65 module is installed in the 
CPU socket instead of a CPU. The user must provide page 
0($0000-$00FF) and page 1($0100-$01FF) either internally or 
externally for use by the System 65 Monitor. For system devel- 
opment purposes, the users ROM may be emulated with one 
or more RAM modules provided in the System 65 chasis. This 
permits easy manipulation, debugging, and reassembly of the 
user's program during the development phase. For editing and 
assembling of the source program, the user may use the System 
65 RAM or may provide his own RAM modules externally. 


The USER 65 module may be used with the System 65 Monitor 
enabled or disabled. With System 65 Monitor enabled, the full 
resources of the System 65 Monitor are available for program 
checkout and debugging. In this mode the System 65 uses 
addresses $С000-$ЕЕЕЕ; these addresses cannot be used by 
the programmer. 


USER'S SYSTEM SYSTEM 65 
пом" 
ПАМ" 
МО DEVICES 


USER 65 
BUFFER MODULE 


INTERNAL 
ROM, 


ВАМ & 
мо 


USER 65 Module Hook-up 
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SPECIFICATIONS 


Common Specifications 
Operating Frequency. 
Operating Temperature. 
Power Requirements 


1 MHz or 2 MHz 
0° to 70°C 
+5 Vde + 5% @ 1.5А 


Host Module Specifications 
Module Dimensions. 
Edge Contacts: 

Edge Contact Signals: 


9.75 in. wide x 7.50 in. high 
86 pins on 0.156 in. centers 
System 65 compatible 


Buffer Moduie Specifications 
Module Dimensions: 
Cable Lengths: 

To System 65 
To User Equipment 


4.125 in. wide x 7.375 in. high 


60 in. 
12 in. 


OVERVIEW 


The 16K Static RAM Module contains 16K (16,384) bytes of 
Random Access Memory (RAM), implemented with 32 R2114 
1024 x 4 Static RAM devices and is available in either 1 MHz 
(M65-031) or 2 MHz (M65-032) version. Also included are 
address decoding and selection, write protection and data buff- 
ering circuitry. 


The module's 16K bytes of RAM memory are segmented into 
two independent 8K-byte sections. Each 8K section is controlled 
by an enable/disable switch and three address range select 
switches, located at the top of the Module. Each 8K section can 
be independently write-protected via special lines. 


The Static RAM Module is directly compatible with the Rockwell 
System 65 Microcomputer Development System, and can be 
used to increase the system's read/write memory capacity from 
16K bytes to 48K bytes, without hardware modification. The 
module may also be installed in user-designed equipment, via 
the Auxiliary Card Cage. 


FEATURES 


e System 65 compatible 


e Available in 1 MHz (450 ns access) and 2 MHz (250 ns 
access) versions 


16K bytes of Random Access Memory, with two independent 
8K sections 


Separate write protect capability for each 8K section 
Static—no clocks or strobes required 

9.75 in x 6.00 in. module 

Single +5V supply 


M65-031 16K Static RAM Module 


Document No. 29650N46 


M65-031 AND M65-032 
16K STATIC RAM MODULES 


М65-031 е М65-032 


Microcomputer Development Systems 


— 


FUNCTIONAL DESCRIPTION 


The edge connector pin assignments for the RAM Module are 
compatible with the Motherboard pin assignments given in Sec- 
tion 4 of the System 65 Users Manual (Document Мо. 29650 
N35; Order No. 206). 


The RAM Module’s 16K bytes of read/wriie memory are pro- 
vided by 32 R2114 1024 x 4-bit Static RAM devices. 


Address Buffers 247, 246 and 233 and Data Buffers 232 and 
245 present a single TTL load to the Motherboard edge con- 
nector. The data signals are inverted to make them compatible 
with the system 65 Data Bus (00-07). 


Module Switches 51 and 52 provide independent 8K RAM sec- 
tion enable/disable and address selection. $1-4 and S2-4 permit 
each 8K section of RAM to be enabled or disabled. $1-1, -2 
and -3 and S2-1, -2, and -3 select the base address to which 
the respective 8K sections will respond. These switch settings 
аге compared to upper address bits A13, А14 and А15 іп 
Address Comparator devices Z10 and 721. The Comparator 
outputs enable or disable 1-of-8 Decoder devices Z9 апа 220 
to provide the input chip select signals to the two 8K RAM 
sections. 


Write protection is controlled by seven Write Protect lines, WP1- 
МҰРТ, one line for each 8K section of memory (the lowest sec- 
tion, addresses $0000-$1FFF, may not be write protected; note 
that Z48-2 is tied to ground to permanently enable writing to this 
section). A low voltage on WP1-WP7 enables writing into the 
associated 8K section. 


When the Address Comparator enables the RAM Device Select 
Decoders, Address Select switches S1-1 through 51-3 and 
52-1 through 52-3 are used by 235 and 236 to select one of 
the seven Write Protect lines. The selected line controls the 
RAM Write Control signals, 234-6 and Z34-8. 


Product Description Order No. 214 
Rev. 1, August 1983 


M65-031 and M65-032 


ADDRESS SELECT 
AND ENABLE/DISABLE 
SWITCHES 


WP 1-WP7 CHIP 


SELECT 
LOGIC 


R/W/O2 


CONTROL 
BUFFER 


SYSTEM 65 BUS LINES 


RAM Module Functional Block Diagram 


INSTALLATION 


Use the following procedure to install 16K Static RAM Modules 
in the System 65 or, with appropriate changes, in an Auxiliary 
Card Cage. 


1. Turn System 65 power off. 


CAUTION 


Never install or remove modules with System 65 power 
оп—Н may cause damage to the module and/or to the 
System. 


2. Remove the top cover of the System 65. 

3. The RAM Module has two banks of switches—S1 and S2— 
one bank for each 8K section of RAM. Using Tables 1 and 
2, select the enabie/disable and address range character- 
istics for each 8K section. 


NOTES 
For proper System 65 operation . . . 


а. Page 0 (address range $0000-$00FF) and Раде 1 ($0100- 
$01FF) must be provided in RAM—either internal RAM 
or external RAM as interfaced by USER 65 or its 
equivalent. 


b. RAM addresses in the range $CO00-$FFFF are used by 
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16K Static RAM Modules 


DATA ADDRESS 
BUFFER BUFFER 


the System 65 Monitor Board, and must not be enabled 
in RAM Modules. 


4. Insert the RAM Module(s) into any vacant slot(s) in the 
System 65 chassis. 


5. Install System 65 top cover. 
6. Turn system 65 power on. 


Table 1. RAM Enable/Disable Switch Settings 


Switch 51/52-4 Posltlon RAM Enable/Disable State 


Up (Off) RAM Disabled (Deselected) 
Down (Dn) RAM Enabled (Selected) 


M65-031 and M65-032 16K Static RAM Modules 


Table 2. RAM Address Range Select Switch Settings SPECIFICATIONS 


Switch $1/52 Position 8K Address 


Range Selected 


Memory Size: 16K bytes 
Word Length: 8 bits 
Interface: System 65 compatible 
Max. Access Time: 450 ns (P/N M65-031) 

250 ns (P/N M65-032) 

Module Components: 32 R2114 Static 1024 x 4-bit RAM 


$0000-$1 FFF 
$2000-$3FFF 
$4000-$5FFF 
$6000-$7FFF 


r devices 
$4000 ЕЕЕ Module Dimensions: 9.75 in. wide x 6.00 in. high 
$C000-$DFFF Edge Connector: 86 pins оп 0.156-in. centers 
$Е000-$ЕЕЕЕ Operating Temperature: ОС to + 70°C 

Power Requirements: +5 Vde +5% @ 3.0 amps (typical) 


Note: “Up” is toward the top edge of the Module. 


LOGIC LEVELS т, = ос to +70°C, Vec = +5V +5% 


Characteristic Condition 


Inputs (50-57), А0-А15, WP1-WP7, 02, RAW 
input Low Voltage . | = 400 pa 
Input High Voltage . |н = 40 на 


Outputs (00-07) 
Output Low Voltage . lo, = 48 та 
Output High Voltage . Іон = 19 та 


6% 
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PROM PROGRAMMER MODULE 


OVERVIEW 


The M65-040 PROM Programmer Module provides System 65 
users with a means to program, verify, read and check Pro- 
grammable Read Only Memory (PROM) devices, and supports 
2704, 2708, 2716, 2516, 2532, and 2758 devices. The PROM 
Programmer Module connects directly to the PROM Socket on 
the front panel of the System 65 chassis, via supplied cable. 


The Module is supplied with a mini-floppy diskette which holds 
a set of software routines that allow the user to check a PROM 
for proper initialization, program the PROM from System 65 
memory, verify the PROM with System 65 memory, and read 
the contents of the PROM into memory. Utility functions to load, 
verify and dump memory are also supplied. 


FEATURES 


e System 65 development system compatible 

e Supports programming of 2704, 2708, 2516, 2532, 2716 
(inte! and Texas Instruments) and 2758 PROM devices. 

e Comes with software on mini-floppy diskette 


FUNCTIONAL DESCRIPTION 


The edge connector pin assignments for the PROM Pro- 
grammer Module are identical to the Motherboard pin assign- 
ments given in Section 4 of the System 65 Users Manual 
(Document Мо. 29650М35). 


Table 1 summarizes the PROM Socket interface, and applies 
to both the PROM socket located on the PROM Programmer 
Module and the PROM socket located on the System 65 front 
panel. 


M65-040 PROM Programming Module 


The PROM Programmer Module consists of two R6520 Periph- 
eral Interface Adapters (РІАѕ), data buffers, address decoders, 
26V power supply, level shifters and power-up circuitry. 


The power-up circuitry (29) generates an automatic reset during 
power-up. A reset signal may also come from the Reset line of 
the System 65 Bus. 


The PROM Programmer Module contains data bus buffers, 212 
and Z13, to provide a logical inversion and a single TTL load to 
the System 65 bus signals. The two R6520 РІАв, 25 апа 28, 
are used to store the address, data and control information for 
the PROM device. The address, Read/Write (R/W), and 92 sig- 
nais are buffered and decoded Бу 210, 211, 214, 215 and 216. 
PIA Мо. 1 is addressed at locations $C018-$C01B. PIA Мо. 2 
is addressed at locations $CO1C-$CO1F. 


The PROM device receives address lines A0-A9 and data lines 
00-07 directly from the PIA devices. The program lines (see 
Table 1, PROM socket pin nos. 18, 19 and 20) are level-shifted 
to provide either OV, +5V, - 12V, +25\ or +26V to the PROM 
device, depending on the device type. The 26-volt power is gen- 
erated fom the +5-volt power through a DC-DC converter, 26, 
and an adjustable voltage regulator, Z1. Relays XR1 through 
XR4 are used to switch the power lines (see Table 1, PROM 
Socket pin nos. 21 and 23) to +5V, +12V and —5V to the PROM 
device, depending on the device type. The —5V power is gen- 
erated from the —12V power line through a voltage regulator, 
Q9. 


Table 1. System 65 PROM Socket Interface Summary 


PROM PROM Device Type Connector | 
Socket T T T л 
Pin intel Intel intel. TA. TA. та. Pin 
Number | 2704 | 2708 2758 2716 2716 2516 | 2532 Number 
1” Т Ts | 
1 А? А? А? А? А7 А7 А? 2% 
2 (ав А6 Аб АБ Аб Аб Аб 19 
3 [as AS А5 АБ AS AS AS t7 
4 А4 А4 А4 А4 Аа А4 да 15 
5 АЗ АЗ АЗ АЗ АЗ АЗ АЗ 23 
5 A2 A2 A2 A2 A2 A2 A2 25 
7 А1 А1 А1 Al Al Al Al 26 
8 AQ АО АО АО АО АО АО 24 
9 ро 00 00 oo ал ai Q1 22 
10 D1 D1 D1 D1 Q2 az Q2 20 
11 02 02 02 02 оз оз оз 18 
12 GNO амо GNO GNO №55 №55 №55 16 
13 оз оз оз ' [оз Q4 Qa Qa 10 
14 04 04 04 D4 05 05 06 8 
15 jos 05 05 05 ов ов ав 8 
16 |06 06 06 06 от гал о? 2 
17 о? о? 07 07 ов ; 98 ов 4 
18 РОМ рам | CE/PGM | CE/PGM | С5/РОМ | PD/PGM| A11 13 
19 |уов | уро | омо А10 voo A10 awo 1 
20 CS/WE | СЕМЕ | DE DE A10 ics PD/PGM 9 
21 УВВ V8B VPP VPP VB8 VPP VPP Т 
22  |GND | А9 ag A9 A9 A9 A9 5 
23  |A8 A8 A8 А8 AB AB АВ: з 
Vi м 
24 |усс | vec | vec усс ссіре) | МСС | vec "| 


Document Мо. 29650442 


Product Description Order No. 213 
Rev. 3, August 1983 
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PROM Programmer Module 
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№М 65-040 


РВОМ Programmer Module 


MODULE INSTALLATION 


Install the PROM Programmer Module as follows: 
1. Turn System 65 off. 


` CAUTION 


Never install or remove modules with System 65 power 
on—it may cause damage to the module and/or to the 
System. 


2. Remove the top cover of the System 65. 

3. Insert the PROM Programmer Module into any vacant slot 
in the System 65 chassis. 

4. Connect one end of the supplied cable to the connector on 
top of the PROM Programmer Module and the other end to 
the connector mounted on the inside front panel of System 
65. Observe the correct polarity of the plugs and sockets; 
i.e., align the arrows marked on the plugs and sockets. 

5. Install the top cover of the System 65. 

6. Set the System 65 RUN/STEP Switch to RUN. 


NOTE 


The PROM programmer will not operate properly if the 
RUN/STEP Switch is in the STEP position. 


7. Turn System 65 power on. 

8. The PROM Programmer Module has an automatic reset fea- 
ture. The standard power-up message should appear on the 
system terminal device at power-on. A manually-initiated 
reset may, however, be performed whenever required. 


PROM DEVICE INSERTION/REMOVAL 
CAUTION 


The Prom device is fragile, and dropping, twisting or 
uneven pressure may break it. Never press down on the 
window area of the chip. 


The PROM device may be inserted into System 65 front panel 
Socket or into the socket located on the PROM Programmer 
Module. 


CAUTION 


Only one PROM device should be installed at a time—in 
either the System 65 socket or the PROM Programmer 
Module socket. Programming with PROM devices installed 
in both locations may cause erroneous results and/or 
damage to the PROM. 


PROM INSERTION/REMOVAL ON THE SYSTEM 65 
FRONT PANEL 


To insert the PROM device: 
1. Push the PROM socket lever out from the System 65 front 
panel, to release pin pressure. 


2. Position the PROM device in front of the socket, being careful 
10 observe the Pin 1 location. 
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CAUTION 


Incorrect PROM installation may cause PROM damage 
and/or may blow Fuses F1 and F2 on the PROM Pro- 
grammer Module. 


3. Insert the PROM into the socket, then push up and in on the 
Socket lever to apply pressure to the pins. 


To remove the PROM device, grasp the PROM device at each 
end, then push the socket lever away from the System 65 front 
panel to release pin pressure. 


PROM INSERTION/REMOVAL ON PROM 
PROGRAMMER MODULE 


To insert the PROM device, position the PROM device in front 
of the socket, being careful to observe the Pin 1 location. 


CAUTION 


Incorrect PROM installation may cause PROM damage 
and/or may blow Fuses F1 and F2 on the PROM Pro- 
grammer Module. 


With the PROM properly oriented, gently start all pins evenly 
into the socket pin guides. Then press firmly and evenly on the 
device (avoiding contact with the light window) until the device 
is securely seated. 


To remove the PROM device, exert an even, upward force on 
both sides of the device while counteracting with a lesser, evenly 
applied downward force. This will prevent the PROM device 
from popping out one side and bending or breaking pins still 
engaged at the other end of the socket. 


OPERATION 


The PROM Programmer software allows checking, reading, ver- 
ifying and programming 2704, 2708, 2758, 2516, 2532 or 2716 
type devices. The data/instructions are copied to/from the System 
65 RAM memory in the address range specified by the user. 
The user can then transfer this information to/from the diskette 
(or other УО device) using System 65 software routines. 


LOADING THE PROM PROGRAMMER ROUTINES 


There is one PROM programmer object file supplied on the 
PROM Programmer diskette, PROM"n, where "n" is the pro- 
gram release revision letter. File РАОМ*п occupies from $0200 
to $OFFF. User programs can be loaded starting at $1000. To 
load the PROM"n program, use the System 65 Load Command 
L. Then enter the file name (РАОМ*п) and disk drive number 
desired. Since the PROM*n program may occupy the same 
memory area in which user's data may reside, an offset may be 
applied to the user's data to locate it to $1000 or above (see 
Load, Verify and Dump functions with offset). PROM*n uses 
page 0 ($0080-$009A) and page 1 ($0100-$01FF). 


NOTE 


The System 65 RUN/STEP switch must be in the RUN 
position for PROM programming. 


M65-040 


After the program is loaded, use the five (5) key to start the 
PROM Programmer routines for a 1 MHz system or the six (6) 
key for a 2 MHz system. The 5 (or 6) key may also be used for 
геепігу into the PROM Programmer routines. Once the routines 
are entered, the only way to exit back to the System 65 monitor 
is to press the ESC key, if the program is waiting for input, or 
the Reset switch. 


The PROM Programmer PROGRAM PROM(P) and VERIFY 
PROM (У) functions require that the data to be programmed 
and/or verified be in RAM memory prior to execution. If the pro- 
gram data resides on diskette (or other media), use the System 
65 Monitor L command to load the object code into memory 
before entering the PROM programmer functions with key 5 (or 
6). Alternatively, use the PROM Programmer L command to 
load the program data with optional offset after the PROM Pro- 
grammer functions have been entered. 


PROM PROGRAMMER OPERATION 


Before entering any of the PROM Programmer functions to 
follow, ensure that the required PROM device is installed in the 
desired PROM socket—the System 65 front panel socket or the 
PROM Programmer Module’s PROM socket—per the PROM 
Device Insertion/Removal instructions. The PROM Programmer 
functions may be entered in the absence of an installed PROM 
device, but this may cause verify errors. 


CAUTIONS 


1. Insert a PROM device only when System 65 power is 
on and either the Monitor prompt (<) or the PROM 
Programmer prompt (=) is the last character displayed 
on the system terminal. Failure to do зо may cause 
damage to the PROM device. 

2. DC power to the PROM device installed in the PROM 
socket is set to zero upon System 65 power-up or 
depression of the Reset switch. During a PROM Pro- 
grammer function, DC power is supplied to the PROM 
socket after entry of the last address, then the com- 
manded PROM: programming function is performed. 
The DC power is removed upon completion of the pro- 
gramming function, before the next PROM Pro- 
grammer prompt character (=) is displayed. 


Once started, the routines will ask the user for certain infor- 
mation. This information should be entered оп the system ter- 
minal. For numbers or addresses, type in the number followed 
by a space о. carriage return to terminate the number. Leading 
Zeros are not necessary. Only the last four digits of the number 
are used. If а mistake is made before pressing the space bar 
or carriage return, reenter the correct number (all four digits). 
If a mistake is made after entering a number, exit the PROM 
Programmer routines using the ESC key or Reset switch on the 
front panel and restart with key 5 (or 6). If an invalid command 
or number is entered the routines will print WHAT? and ask you 
to reenter. 


Following illustration is an example of a PROM Programmer 
load and initialization along with the user's response. 


PROM Programmer Module 


Next, the data to be copied to the PROM device can be loaded 
using the L command. In this example, the file USERIN was 
loaded. Type 5 (or 6) to start the routines. Next, enter the device 
type. If a 2716 was entered, the message TMS 2716 (Texas 
Instruments) PROM? will be printed. Enter Y for yes or N for 
по. The routines will reprint the device type for verification each 
time a new function is requested. A single character should now 
be entered to indicate the function requested as outlined in the 
subsequent text. 


LOGOFF SE Т=заайй 
СОМЕ 


IN-F FILESFRÜM*«F DISK=1 


PROM PROGRAMMER РОК i MHZ 5 


ENTER 2704, 2768. 2758. 2716. 
=2716 
TMS 2715 
=N 


PROM? 


ж фонде У 
LEVICE TYPES 

2716 

жк аж VOR RI iR ии 


ENTER PROM COMMENDO 
OF MEMORY COMBRND 


VERIFN CV. PROGRAM CP. READS 5), ОК СНЕСКСС2 
МЕКТЕР СЕ», LORDCLO, PUMPED ЧЕМ FILLZM?, ІМУЕЕТЕІ» 


Power-Up and Loading Responses 


РВОМ PROGRAMMER ВЕ-ЕМТВУ 


After initialization by the (5) ог (6) entry and selection of a PROM 
type, the PROM Programmer function may be re-entered from 
the System 65 Monitor by typing 7. This allows the Monitor to 
be entered from the PROM Programmer to perform utility func- 
tions then the PROM Programmer quickly re-entered to continue 
PROM operations. Initial entry using key 5 or 6 must be used, 
however, to change PROM type selection. The message WHAT? 
will be displayed if Key 7 is typed prior to initialization of the 
PROM Programmer function. 


ADDRESS SELECTION 


The addresses entered are the hexadecirnal locations of the 
RAM memory used for checking, programming, reading, or ver- 
ifying. The upper address bits are then stripped off to form the 
address for the PROM devices. In general, the addresses must 
comply with the following restrictions: 


1. Cannot be Page 0 ($0000-$00FF) or Page 1 ($0100-$01FF). 

2. Cannot overlap the PROM Programmer ‘оийпе for file name 
PROM"n ($0200-S$0FFF). 

3. The last address must be greater than or equal to the first 
address entered. 

4. The address range from first to last must not exceed the size 
of the PROM being programmed. 


In addition, there are further restrictions on certain PROM 
devices, imposed by the PROM manufacturer. Тһе 2704, 2708, 
and ТІ TMS2716 must be programmed using their total address 
space during one programming. This means that the 2704, 
2708, and TI TMS2716 must start on а 1/2K, 1K or 2K address 
boundary, respectively. They also have to extend 1/2K, 1K or 
2K bytes in length, respectively. The 2516, 2532, 2758 and Intel 
2716 do not have this requirement. Therefore, single byte or 
multi-bytes may be programmed within the address range of the 
device. The routines are designed to check for any invalid 
address entered and will print WHAT? and ask for the address 
again. 


M65-040 


PROM Programmer Module 


PROGRAM FUNCTION (THE P COMMAND) 


The Program Function (P) loads the contents of System 65 
memory into PROM. It is entered by pressing the P key in 
response to the ENTER command message. The routines will 
ask where any errors detected during verifying should be printed. 
This is indicated by the message ERROR LIST OUT=. Enter 
any of the standard I/O device characters (space for CRT, P for 
Printer, etc.). 


After the first and last address is entered, the routines will check 
to see if the PROM is initialized. Since these PROMs are ini- 
tialized to an all-ones condition by placing them under ап ultra- 
violet light, a check is made prior to programming for an all-ones 
condition. If any zero is detected in the bounds of the address 
range entered, the messages PROM NOT INITIALIZED and 
CONTINUE Y or N will be printed. The use has the option of 
aborting the programming (type N for no) and initializing the 
PROM properly or continuing with the programming by typing 
the Y (yes) key. 


It is possible to change a 1 to 0 with the PROM programmer, 
but the PROM must be exposed to an ultraviolet light to set the 
bits back to one's according to the respective manufacturer's 
specifications. If the PROM is initialized or "Y" entered, a star 
will be printed every 1-5 seconds, indicating programming in 
progress. After programming, the message VERIFYING will be 
printed and the PROM device will be verified against the spec- 
ified RAM locations. This is automatically done every time. If 
there are no errors detected, the message DONE will be printed 
and the next operation requested. Any errors detected will be 
printed on the selected /О device. 


<5> 
PROM PROGRAMMER FOR 1 MHZ SYSTEM (VER E> 


ENTER 2704, 2708, 2758, 2716. 2516. 2532 
2716 

TMS 2716 PROM? 

= 


ыыы 
DEVICE TYPES 
2716 


За а Мори еј na EC 


ENTER PROM COMMAND: УЕКІҒУСУ>, PROGRAMCP), READCR>, OR СНЕСКСС> 
ок MEMORY COMMAND: VERIFVCF2, LORDCLO, DUMPCD>, MEM FILL CM), INVERTCID 
=P 
PROGRAM 
ERROR LIST 


OUT#L 
ENTER FIRST RODRESS 


-2000 
ENTER LAST ADDRESS 
=27FF 


PROM NOT INITIALIZED 

CONTINUECY OR ND 

= 

кокан анон едем две нинен к ненен е ене 
DONE 

VERIFYING 

DONE 

ини 

DEVICE TYPES 

2716 


ыыы 


ENTER PROM COMMAND: VERIFY<V>. РЕОСКАМСР ), READCR), OR СНЕСКСС> 
OR MEMORY COMMAND: VERIFVCF2, LORDCLO, OUMPCD>, MEM ЕТ СМ», INVERTCID 


Program Function Example 
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NOTES 


1. A verification error showing a series of 1's in a specific 
PROM bit position after programming may indicate a 
poor connector contact caused by improper PROM 
installation in the PROM socket. See the PROM Device 
Insertion/Removal instructions. 

2. if fuse F1 or F2 оп the PROM Programmer Module is 
blown, the PROM may not verify correctly. Verify that 
both are good if a verify error occurs. 


VERIFY FUNCTION (THE V COMMAND) 


The Verify Function (V) verifies the contents of the PROM with 
the contents of System 65 RAM. It is entered by pressing the 
V key in response to the ENTER command message. 


The routines will request where any errors detected should be 


‘printed. This is indicated by the message ERROR LIST OUT =. 


Enter any of the standard /О device characters defined in the 
System 65 User's Manual (space for CRT, P for Printer, etc.). 
Next, type in the first and last addresses. As soon as the last 
address is entered, power will be applied to the PROM device 
and the contents of the PROM compared to the respective con- 
tent of the RAM. If no errors are found, the message DONE will 
be printed, and the next operation requested. if errors are 
detected, the address, contents of PROM, and contents of RAM 
in disagreement will be displayed/printed on the selected I/O 
device. 


<5> 
PROM PROGRAMMER FOR 1 MHZ SYSTEM (VER E> 


ENTER 2704. 2708. 2759, 2716, 2516, 2532 
“271 

TMS 2716 PROM? 

=н 

моннан ионнан це 

DEVICE ТУРЕ 


2716 
нон жен ссн фон INE AF teeta 


ENTER PROM COMMAND: УЕКІРУСУ); PROGRRMCPO, RERDCRO, OR СНЕСКСС> 
OR MEMORY СОММАМО: VERIFYCF>, LORDCLO, DUMPCDO, MEM FILL СМЭ, INVERTCID 
“~ 
VERIFY 
ERROR LIST 
OUT=L 
ENTER FIRST ADDRESS 
#1000 
ENTER LAST ADDRESS 


ші?ЕҒ 
ERROR 
ADDR PROM RAM 
ze 
ce 4C 
ce 15 


ыыы 
DEVICE TYPE= 
2716 
ыыы 
ENTER PROM COMMAND: VERIFY<V), РЕОСКАМСР), RERDCRO, OR СНЕСКСС» 
OR MEMORY COMMAND: VERIFYCF>. LORDCL). DUMPCDO, MEM ЕТЦ СМ, INVERTCID 


Verify Function Example with Errors 


READ FUNCTION (THE R COMMAND) 


The Read Function (R) reads the contents of PROM into System 
65 RAM. it is entered by pressing the R key in response to the 
ENTER command message. 


After the first and last addresses are entered, power will be 
applied to the PROM and the contents copied into the specified 
RAM locations. When completed, the message DONE will be 
printed and the next operation requested. 


M65-040 


The PROM Programmer READ function reads program data 
into System 65 RAM memory from PROM. After reading is com- 
plete, save the PROM data on diskette (or other media) using 
the System 65 Monitor D Command after exiting the PROM 
Programmer functions. Alternatively, use the PROM Pro- 
grammer D command to dump the data with optional offset 
before the PROM Programmer functions are exited. The amount 
to be stored or loaded at one time is limited only by the RAM 
locations available. 


<=> 
PROM PROGRAMMER FOR 1 MHZ SYSTEM “VER E) 


ENTER 2704, 2788, 2758, 2716, 2516, 2532 
„2716 

TMS 2716 PROM? 

=н 


канн ыа окон ЖоК e 
DEVICE TYPE= 

2716 
ыыы 


ENTER PROM COMMAND: YERIFY<¥>, РКООКЯМ(Р2, READCR); OR СНЕСК‹С> 

OR MEMORY COMMAND: VERIFVCED, LORDCL2, DUMPCD>, MEM FILLIM). INVERT CI? 
== 

READ 

ENTER FIRST ADDRESS 

1006 

ENTER LAST ADDRESS 

-17FF 


DONE 


ыы 
DEVICE ТУРЕ 

2716 

жн жон ик око бон 


ENTER PROM COMMAND: VERIFYCY>, PROGRRMCPO, RERDCRO, OR СНЕСКСС»> 
OR MEMORY COMMAND: VERIFYCF), LORDS). DUMPCD5, MEM РІ М), INVERTCI> 


Read Function Example 


CHECK FUNCTION (THE C COMMAND) 


The Check Function (C) is used to check that the PROM is 
initialized. It is entered by pressing the C key in response to the 
ENTER command message. 


After the first and last addresses are entered, power is applied 
to the device and all specified locations are checked for $FF. 
The message PROM NOT INITIALIZED will be printed if all 
locations do not contain $FF. The message DONE will be printed 
when the Check Function is complete. 


<5> 
PROM PROGRAMMER FOR i MHZ SYSTEM (VER E> 


ENTER 2784, 2788, 2758, 2716, 2516, 2532 
#2716 

TMS 2716 PROM? 

=N 


никак olet 
DEVICE ТУРЕ= 

2716 
Опет жи жон как 


ENTER PROM COMMAND: УЕКТРУСУ>, PROGRRMCPO, RERDCRD, OR СНЕСКСС> 

OR MEMORY COMMAND: VERIFVCFO,LORDCLO, DUMP<D), MEM FILLIM), INVERTCID 
=C 

CHECK 


ENTER FIRST ADDRESS 
-1ө00 
ENTER LAST ADDRESS 
=A 7FF 


FROM NOT INITIRLIZEO 
DONE 


КП 
DEVICE TYPE= 

2716 
жокко ккк жок каж нене 


ENTER PROM COMMAND: УЕРТЕЧСУ >, PROGRAM<P).READCR>, OR СНЕСКСС» 
GR MEMORY COMMAND: VERIFYCF?, LORDCLO, DUMPCD),MEM FILLIM), INVERTCIÓ 


Check Function Example 
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LOAD MEMORY WITH OFFSET FUNCTION 
(THE L COMMAND) 


The Load Memory with Offset Function (L) copies data from an 
input object code file into memory addresses offset by an 
entered amount from the addresses on the input file. The entered 
offset value is additive with carry from bit 15 ignored, e.g.: 


Input File Offset Address іп 

Address Value Memory 
$1000 0 $1000 
$1000 $2000 $3000 
$7000 $A000 $1000 
$E000 $2000 $1000 


<5> 
FROM PROGRAMMER FOR 1 MHZ SYSTEM (VER E) 


ENTER 2784, 2788, 2758, 2716, 2516. 2532 
=2716 

TMS 2716 PROM? 

=N 


ыы 
DEVICE ТУРЕ= 

2716 

Энн кокк ылы 


ENTER PROM COMMAND: УЕРТЕУ <>, PROGRRIMCP2, RERDCRO, OR CHECKE) 
OR MEMORY COMMAND: VERIFY<F>, LORD 4. >, DUMPCDO, MEM РИ СМ), INVERTCIO 
=L 

LORD 

OFFSET=D009 IN=F FILE=AIMBAS DISK=2 

aaao жа ok kkk ook 

DEVICE TYPE= 

2716 

k kako oak e окове ово 


ENTER PROM COMMAND: VERIFY<Y), РКОВКАМСР >, READCR2,OR СНЕСКСС > 
OR MEMORY COMMAND: YERIFYCF). LOADCL), OUMP<D), MEM FILLIM», ІМУЕБТС 12 


Load Memory with Offset Function Example 


VERIFY MEMORY WITH OFFSET FUNCTION 
(THE F COMMAND) 


The Verify Memory with Offset Function (F) compares the con- 
tents of an object code file with the contents of memory at 
addresses in memory offset by an entered amount from the 
addresses on the reference object code file. The entered offset 
is additive in the same manner as the Load with Offset function. 
The contents of both memory (MEM) and reference file (FILE) 
are displayed/printed along with the address (ADDR) if any dif- 
ferences in value are detected. 


<5> 
PROM PROGRAMMER FOR 1 MHZ SYSTEM (VER E» 


EMTER 2784, 2708, 2758, 2716, 2516. 2532 
=2716 

TMS 2716 PROM? 

=н 


жжке жоок ROSE OR ROOK. 
DEVICE TYPE= 

2716 

OOOO RIOR је одоре. 


ENTER PROM COMMAND: VERIFY С\/›, РРОСКАМ<Р 2, КЕНРСЕ), ӨК СНЕСКСС> 
OR MEMORY COMMAND: VERIFY(F>. CORDCLO, DUMPCD5, MEM ЕТЕ СМ, INVERTE ID 


=F 
VERIFY 

OFFSET=D@88 ІМеЕ FILE-RIMBRS 015К=2 
ERROR LIST 

QUTsL  RDDR/MEM/FILE 

2008 ке за 2208 4C 52 


ыыы 
DEVICE ТУРЕ» 

2716 

ккк НЕ e нв еж 


ENTER PROM COMMAND: УЕВТЕУСУ>, PROGRAM(P). БЕНОСЕ). ПЕ СНЕСКСС» 
OR MEMORY COMMAND. VERIFY<F >. LOROCLO. DUMP 0, MEM ЕІ СМ, INVERTCIO 


Verify Memory with Offset Function Example with Errors 


М65-040 РВОМ Ргодгаттег Модше 


DUMP MEMORY WITH OFFSET FUNCTION E 

(THE D COMMAND) PROM PROGRAMMER FOR 1 MHZ SYSTEM (VER E» 
ENTER 2764, 2708, 2758. 2716, 2516, 2532 

The Dump Memory with Offset Function (D) copies data from Ei NM 

memory to an output object code file with addresses in the =н 

output file offset an entered amount from the addresses in пи анны 

memory. The entered offset value is additive from the output ern 


ыыы 


file to memory with carry from bit 15 ignored; е.д.: 
ENTER PROM COMMAND: VERIFY CV. PROGRRMCPO, READCR). OR CHECK CC? 
OR MEMORY COMMAND: VERIFY CF), ОЙр с >, GUMP (D>, МЕМ FILLIM): INVERTCI> 


Output File Offset Address in а 
Address (FROM =) Value Memory И 
$1 000 0 5 1000 epp RACE 
11900 50000 51000 с ME 
$1000 $8000 $9000 


ENTER PROM COMMAND: МЕКТЕУСУ), PROGRAMCP >, RERDCRO, OR CHECK<C> 
$A000 $1000 $8000 DR MEMORY COMMAND. VERIF'YCF?, СОАБ С», DUMPCDo, MEM ЕШ М), INVERTE I> 


<=> Memory Fill Function Example 
PROM PROGRAMMER FOR 1 MHZ SYSTEM (VER E> 


ea ыы ыы INVERT MEMORY (THE | COMMAND) 


TMS 2716 PROM? 
i The invert Memory Function (I) allows selected bits to be inverted 


sevice weed i i us within a selected address range. This function allows the con- 


ИНН tents of RAM to be easily one’s complemented if the PROM 
code is to be inverted from the ROM code. 


ENTER PROM COMMAND: УЕКІҒУСУ2, PROGRAMCP>. КЕНО«К), ОК СНЕСКСС> 
DR MEMORY COMMAND: VERIFY<CF>, LGADCL>, DUMP CO), MEM РОДОМ, INVERTCID 


bone Enter the bit pattern to be exclusively or'ed with memory. А “1” 
а ОЕ а а о in a bit position will invert the bit value while а "0" will leave the 
повео bit value unchanged. Enter "FF" to invert all bit values and "00" 
Ме ерте чыи аныныы ы to invert попе of the bit values. Terminate the entry with а саг- 
2716 Р riage return. The last two digits entered will be accepted. Enter 
€— —— к à 2 

the starting and ending addresses as described for the МЕМ 
ENTER PROM COMMAND: МЕКТЕ СУ», PROGRRMCP?, RERD(R2, ОК CHECK<C> FILL function 


OR MEMORY COMMAND: VERIFY<F>, LOADCL>, DUMPCD>, MEM FILL М2, INVERTCI> 


Dump Memory with Offset Function Example <5> 
PROM PROGRAMMER FOR 1 MHZ SYSTEM (VER E> 


MEMORY FILL FUNCTION (THE M COMMAND) Se eat: 
TMS 2716 FROM? 
The Memory РИ Function (M) allows a user selected range of Er 
RAM to be initialized to an entered bit pattern. The desired артан оаа 
PROM object code can then be loaded. All unloaded memory 2716 
| А Сол а: И €— 
in the PROM address range will remain initialized with the pre- ' 5 RES РЯ 
У " B Р ENTER PROM COMMAND: VERIFY C'>, PROGRAMCP>, DCR), OR CHECK CCD 
viously filled bit pattern. This allows PROM codes over a total OR EMORY COMMAND, VERIFY CED, LORDXL2; DUMPCDO, MEM FILLCM), INVERTCI> 
PROM address range to be easily verified without invalid data TERT DIEE 
errors being indicated due to random bit patterns in unused FRONSa O08.” 27084356 
addresses. Peele ahaa 
2716 
Enter the bit pattern to be loaded in hexadecimal in response dcc E 
men А NTER PROM ММАНО; ЧЕРТЕУСУ>, PROGRAMI P), READCR>, OR СНЕСКСС 
to the MEM FILL= prompt. The last two digits entered will be EU MEMORY COMMAND: VERIFUCE). Гор, DUMPED)» MEM FILLERS, NVERTCL 
accepted. Terminate the entry with a carriage return. Then enter 


the starting and ending addresses in hexadecimal of the RAM Invert Bits Function Example 
to be filled. Terminate entries with a carriage return. The last 
four digits entered will be accepted. 
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SPECIFICATIONS 
Parameter Value 

PROM Devices Supported 2704, 2708, 2758, Intel 2716 and Texas Instruments 2716 

Programming Time (approximately) 2704—100 sec. 
2708— 200 sec. 
2758— 60 sec. 
Intel 2716—120 sec. 
ТІ. 2716—400 sec. 
2516—120 sec. 
2532--240 sec. 

Interface System 65 compatible 

Module Dimensions 9.75 in. wide х 6.00 in. high 

Edge Connector 86 pins on 0.156 in. centers 

Operating Temperature 0° to + 70°С 

Power Requirements 45 Мас = 5% @ 750 ma (fused at 2 amps) 
+12 Мас + 5% @ 50 ma (fused at 72 amp) 
—12 Vdc + 5% @ 50 ma. 


Fuse Description 


F1—AGC Y2A—250V (Bussman) 
F2—AGC 2A—250V (Bussman) 
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PROM/ROM MODULE 


OVERVIEW 


The M65-045 PROM/ROM Module permits system read only 
memory to be increased by up to 16K bytes. The module pro- 
vides 16 24-pin DIP sockets for accepting industry-standard 
2708, 2716, or 2758 PROM devices, or 2316 or 2332 ROM 
devices. PROMs and ROMs cannot be mixed on the moduk. 


The PROM/ROM Module's 16K-byte address space is seg- 
mented into four independent 4K-byte sections. Each 4K-byte 
section is provided with a switch for selecting its base address. 
Further, each socket has an individual enable/disable switch, 
providing resolution down to 1K bytes. 


FEATURES 


System 65 compatible 

16K-byte read only memory capacity 
Accepts 2708, 2716 or 2758 PROM devices 
Accepts 2316 or 2332 ROM devices 
Sockets can be individually enabled/disabled 


Base address is switch-selectable for each 4K-byte address 
space 
e Single +5V supply 


M65-045 PROM/ROM Module 


FUNCTIONAL DESCRIPTION 


The edge connector pin assignments for ће PROM/ROM Module 
are identical to the motherboard pin assignments given in Sec- 
tion 4 of the System 65 Users Manual (Document No. 
29650N35, Order No. 206). 


The PROM/ROM Module comes with 16 sockets for accepting 
the following types of memory devices: 


e Up to four 2332 ROMs, or 

e Up to eight 2316 ROMS, or 

e Up to eight 2716 PROMs, ог 

e Up to 16 2708 or 2758 PROMs 


The address switches on the module are set in accordance with 
the type and number of PROM or ROM devices installed. Each 
socket may азо be selected by a switch. Further, each 4K 
address space also has a separate switch for selection of its 
base address. The Chip Select Logic specifies the PROM/ROM 
to be accessed and the address lines from the System bus 
select the memory location. The selected PROM/ROM device 
responds by placing 8 bits of data on the data lines (DO through 
D7) for transfer to the CPU. 


ADORESS SELECT 
SWITCHES 
|= 


А0-А15 


CONTROL DAT, ADDRESS 
BUFFER BUFI BUFFER 


A 
FER 
| 


SYSTEM 65 BUS LINES 


PROM/ROM Module Functional Biock Diagram 


Document No. 29650N47 
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SWITCHES AND JUMPERS 


The PROM/ROM Module can accommodate a variety of stan- 
dard PROM and ROM devices. The user must configure the 
Module for his specific application, and does so with various 
switches and jumpers on the Module itself. 


The PROM/ROM Module has a total address space of 16K 
bytes, divided into four 4K-byte sections. Each 4K section has 
a separate base address select switch, 53 through S6, which 
must be set to the desired hexadecimal value (0 - Р). For 
example, if Switch S3 is set to C, the base address for Sockets 
24, 25, 26 and Z7 is $С000 (where $ indicates hexadecimal). 
Further, each individual socket can be enabled or disabled from 
driving the Data Bus by setting/resetting Switches S1 and S2. 


PROM/ROM Module 


There is a further restriction for ROMs: Since ROMs have chip 
selects, they will only work in the proper sockets with proper 
base address switch settings. For example, a 2316 ROM with 
CS3-1, CS2=0 and C81 =1 will work only in Socket 222 (see 
Table 4) and with a selected base address value of 2, 6, A 
or E. 


The PROM/ROM Module must also be jumper-configured for 
the device being used. Jumper information is given with switch 
select tables. The function of each jumper is summarized in 
Table 1. 


Table 1. PROM/ROM Board Jumper Functions 


= 
Јитрег Мо. Jumper Function 
| 1 Connects A12 to Pin 18 of all sockets 
2 Enables 1K address selection 
3 Connects +12VDC to Pin 19 of all sockets 
4 Enables 2K address selection 
5 Connects A13 to Pin 21 of all sockets 
6 Connects A10 to Pin 19 of all sockets 
7 Connects A11 to Pin 21 of all sockets 
.8 Connects +5VDC to Pin 21 of all sockets 
9 Connects A11 to Pin 18 of all sockets 
10 Connects -5VDC to Pin 21 of all sockets 
11 Connects GND to Pin 18 of all sockets 
12 Enables active low chip selects on Sockets 27, 214, 222 and 229 | 
L i. 
Table 2. Switch Settings for 2716 PROM Operation 
pc Г T 
Base Address 
(A15, A14, A13, A12) Address A11 Socket Enable/Disable Switch 
0 25 51-2 
-Е 
53 (0-Е) 1 27 51-4 
0 211 51-6 
$4 (0-Е 
{0-Е} 1 214 51-8 
0 218 - 52-2 
55 (0-Е 
5 (0-Ғ) 1 222 524 
А 
о 224 52-6 
56 (0-Е 
6 (0-2) 4 729 528 
d 
Note: For 2716 PROMs, add Jumpers 4, 6, 8, 11 and 12. 
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Table 3. Switch Settings for 2708 or 2758 PROM Operations 


Base Address Addrass 
(А15, A14, A13, A12) A11 A10 Socket Enable/Disable Switch 


22o00|22oo22o0oo0[2-2oo 
азо-о)фао-о|-о-о)|-о-о 


| 


Note: Рог 2708 PROMs, add Jumpers 2, 3, 4, 11 and 12 and add Capacitors C6-C9, C14-C17, С21-С24, C29-C32, C37-C40, C45-C48, 
C52-C55 and C59-C62. АП capacitors аге 0.1 yf. 
For 2758 PROMs, add Jumpers 2, 8, 11 and 12 and jumper left post of Jumper 3 to right post of Jumper 4. 


Table 4. Switch Settings for 2316 ROM Operation 


ROM Chip Selects* 
Base Address А12 А11 
(А15, А14, A13, А12) С52 cs1 


Enable/Disable Switch 


S3 (0, 4, 8, C) 0 9 9 512 
A 
0 1 о 51-6 
54 (1,5,9,0) 0 1 | 218 
1 9 0 52-2 
85 12,6, А, E) 1 0 | 224 
1 1 0 
56 (3, 7,8, F) 1 1 и 


Вазе Address А13 


(А15, А14, A13, А12) $2 $1 Socket Enable/Disable Switch 
$3 (0, 4, 8, C) 0 0 | 77 51-4 
54 (1,5,9,0) 0 1 | 214 518 
55 (2,6,А, Е) 1 0 | 222 | 524 
56 (3, 7, B, Е) 1 1 | 229 | $28 


Note: “Assumes 51 =А12 and S2=A13. Рог 2332 ROMs, add Jumpers 2, 5, 6 and 9. 


INSTALLATION 
Install PROM/ROM Modules in the System 65 chassis or, with 2. Remove the top cover of the System 65. 
appropriate changes, in an Auxiliary Card Cage as follows: 3. Set the switches on the PROM/ROM Module per Tables 2 
through 5. The base memory address are assigned by four 
1. Turn System 65 power off. hexadecimal switches, S3 through S6. Individual sockets are 
enabled/disabled by Switches S1 and S2. 
CAUTION 4. install the required jumpers per directions given with the 
Never install or remove modules with System 65 power switch table. 
on—it may cause damage to the module and/or to the 5. install the required PROM or ROM devices in their appro- 
System. priate sockets. 
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6. Insert the PROM/ROM Module(s) into any vacant slot(s) in SPECIFICATIONS 
the System 65 chassis. 
7. Install the top cover of the System 65. Parameter Value 


8. Turn System 65 power on. Memory Capacity 16K bytes 
Word Length 8 bits 
Interface System 65 compatible 
Module Components 16 24-pin DIP sockets 
Module Dimensions 9.75 in. wide x 6.00 in. high 
Edge Connector 86 pins on 0.156-in. centers 
Operating Temperature 0°C to +70°C 
Power Requirements +5 Мас + 5% @ 500 ma. with no 
devices installed 


LOGIC LEVELS T4 = 0С to +70°C, Vog = +5V + 5% 


—L—————— — 
Characteristic Symbol Min Max Condition 
inputs (20-07, А0-А15, 
$2, RW) 
input Low Voltage Уи. 0.8 Џ LT 400 ua 
Input High Voltage Уін 20 Усс ДУ = 40 ра 
ee A О 
Outputs (50-07) 
Output Low Voltage VoL 0.5 lo = 48 ma 
Output High Voltage Уон 24 | Усс lon = 10 ma 
L A D 1 
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EXTENDER CARD 


OVERVIEW 


The M65-060 Extender Card provides easy access to a printed 
circuit module installed in its system enclosure, for signal tracing 
or troubleshooting. In that context, the Extender Card consists 
of a series of bus lines connecting the Card's standard contact 
edge, on one end, and а connector used for accepting the stan- 
dard contact edge of an 86-pin system module. 


This contact edge and the edge connector pins are connected 
pin-for-pin via the bus lines on the Card. Each of the bus lines 
is provided with a clip-on terminal to allow test equipment to be 
readily connected. With the module under test connected to the 
Extender Card and this assembly installed in the system's Aux- 
Пагу Card Cage or System 65 chassis, the user is given free 
access to both sides of the module being tested. 


The edge connector pin assignments for the System 65 Moth- 
erboard are given in Section 4 of the System 65 User's Manual 
(Document No. 29650N35). 


SPECIFICATIONS 


Edge Contacts : 86 pins on 0.156-in. centers 
Edge Connector 86 pins on 0.156-in. centers 


Extender Card Dimensions 9.75 in. wide x 9.00 in. high 
x 0.062 in. thick 


INSTALLATION 


The procedure below should be used to install an Extender 
Card in the System 65 chassis or, with appropriate changes, in 
an Auxiliary Card Cage. 


1. Turn System 65 power off. 


CAUTION 


Never install or remove modules with System 65 power 
on—it may cause damage to the module and/or to the 
System. 


2. Remove the top cover of the System 65. 


3. Remove the desired circuit module from System 65, if 
installed. 


4. Insert the Extender Card into any vacant slot in the System 
65 chassis. 


5. Insert the desired circuit module into the plug on top of the 
Extender Card. 


6. Turn System 65 power on. 
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OVERVIEW 


The M65-071 Design Prototyping Module allows development 
of custom circuits for installation in either Rockwell's System 65 
Microcomputer Development System or in user-designed equip- 
ment, via the Auxiliary Card Cage. 


This Module is a System 65-compatible printed circuit module 
with no mounted components, but with prerouted power bus and 
power return lines. Spaced beside the power lines are plated- 
through holes that permit wire-wrap sockets to be installed. 
Additional holes, at the top edge of the module, permit a variety 
of wire-wrap flat ribbon cable connectors to be installed. 


DESIGN PROTOTYPING MODULE 


M65-071 
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M65-071 


The pin assignments for the Design Prototyping Module's 86- 
pin edge connector are identical to the Mothe-board pin assign- 
ments given in Section 4 of the System 65 User's Manual (Doc- 
ument No. 29650N35; Order No. 206). 
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INSTALLATION 
Install a Design Prototyping Module in the System 65 or, with 
appropriate changes, in an Auxiliary Card Cage as follows: 


1. Turn Sysiem 65 power off. 


CAUTION 


Never install or remove modules with System 65 power 
on—it may cause damage to the module and/or to the 
System. 


2. Remove the top cover of the System 65. 
3. Insert the Design Prototyping Module into any vacant slot in 
the System 65 chassis. 
CAUTION 
Installation of improperly-operating circuits may cause 
malfunction and/or damage to the System 65. 


4. Install the top cover of the System 65. 
5. Turn System 65 power on. 
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Design Prototyping Module 


SPECIFICATIONS 


Component Mounting Area 
Number of Component Rows 
Number of Hole Rows 

Vertical Hole Spacing 

Horizontal Hole Spacing 


46 holes on 0.1-in. centers 
35 holes on either 0.3-in. 
or 0.1-in. centers 


Flat Ribbon Connector Mounting 
Area 
Number of Pins 

Per Connector 170 


Module Dimensions 7.50 in. high x 9.75 in. wide 
х 0.062 in. thick 


Edge Connector 86 pins on 0.156-in. centers 


DESCRIPTION 


The System 65 Macro Assembler and Linking loader is a disk- 
based computer program that generates computer program 
absolute machine code or relocatable object code and links 
relocatable object code into absolute machine code. The 
assembler/loader operates on the System 65 Development 
System and generates code for execution by any central pro- 
cessing unit (CPU) in the Rockwell R6500 NMOS micropro- 
cessor, R6500/* NMOS one-chip microcomputer and В65С00 
CMOS microprocessor device families. 


MACRO ASSEMBLER 


The macro assembler translates CPU instructions and data 
statements written in symbolic form (the source program), into 
absolute or relocatable code. Instructions, consisting of a label 
(if included), а mnemonic operation code, an operand (if required) 
and an arithmetic operator (if included), are assembled one-at- 
a-time into one- to three-byte machine instructions (with abso- 
lute or relocatable address information). Constants comprising 
one or more bytes of memory are generated from data state- 
ments while one or more bytes of memory are assigned to vari- 
ables. The macro capability allows sequences of instructions to 
be pre-defined for in-line code inclusion by specifying only the 
macro name. Conditional assembly allows portions of instruc- 
tion sequences or macros to be included in (or excluded from) 
in-line code. The combination of the macro and conditional 
assembly capability speeds program development by elimi- 
nating duplicate coding efforts for similar processing tasks and 
increases program flexibility and reliability by allowing one source 
program to generate different computer programs based on 
specified control parameters. 


LINKING LOADER 


The linking loader combines independently assembled modules 
of absolute and/or relocatable object code into a single execut- 
able object file. This allows a large program to be developed in 
manageable size modules by separate software designers and 
integrated by the linking process. This also allows program 
changes to be made to one module without affecting any of the 
other modules—a key requirement in many program validation 
and certification procedures. 


Smail programs can still be assembled into absolute executable 
code without using the linking loader, however, to simplify 
development. 


The assembler/loader operates in conjunction with the ROM- 
resident System 65 Debug Monitor/Text Editor (OS 3.1). 
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MACRO ASSEMBLER FEATURES 


e Supports three CPU families 
— А6500 NMOS microprocessor 
— R6500/* NMOS microcomputer 
—R65C00 CMOS microprocessor 
Fiexible object code generation 
— Absolute code (executable) 
—Relocatabie code (linkable) 
e Macro definition includes 

— Multiple parameters 

—Other macros 

— CPU instructions 

— Assembler directives 
e Macro call includes 
— Macro name 
— Argument list 
Condition assembly 
— IF condition 
—ELSE complementary condition 
— 12 conditional operators 
Symbol cross reference table 
—Lists defined and used symbols 
— Listed in alphanumeric order 


LINKING LOADER FEATURES 


Resolves inter-module symbol linkage 
Assigns absolute addresses 
Generates absolute executable code 
Produces reports 

—-Load map of module locations 

— Symbolic debug table 

— Symbol table 

e Interactive or command file setup 


ORDERING INFORMATION 


M65-660-3 


Description 


Macro Assembler and Linking Loader 


Description 


Macro Assembler and Linking Loader Users 
Manual? 
Notes: 


1. Requires System 65 OS 3.1 ROMs 
2. included with M65-660-3. 


Data Sheet Order No. 253 
Rev. 1, March 1983 
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Assembler Directives 
Assembly Listing Controi 


тт. Titie 
.SBTTL Subtitle 
.PAG Page 
SKI Skip 
.ERR Error 
Source File Controi 
.END End of Assembiy 
FILE Next File 
INCL inciude 
Dsta Storage 
.BYTE initialize byte memory location 
МОЋО Generate 16-bit address 
.DBYTE Generate 16-bit data word 
.SBYTE Initialize АЗСИ string 
Equate 
- Assign value to symboi 
Conditionai 
ЈЕ Condition 
.ELSE Compiementary condition 
.EIF End of conditionai 
Macro 
MACRO Define Macro 
.ENDM End of macro definition 
.MEXIT End of macro expansion 
.NARG Number of passed arguments 


Linking Loader Directives 


ERR Errors destination 

OBJ Object code generation 
MAP Load map generation 
CALS Symbol table location 
SYM Globai symboi table 
DEBUG Debug symbol table 


Macro Assembler & Linking Loader 


Option Controi 
ФОРТ 


„ВАО 


Option : 
LIST/NOLIST Assembly listing 
GEN/NOGEN Object code listing 
ERR/NOERR Error generation 
SYM/NOSYM Symbol generation 
CREF/NOCREF Cross reference generation 
ABS Absolute object code 
REL Relocatabie object code 
MEM Absolute object code to 

memory 

TOC/NOTOC Table of contents 
OBJ/NOOBJ Object code generation 
MD/NOMD Macro definition 
ME/NOME Macro expansion 
CC/NOCC Conditional list 
PLEN Page iength 
LLEN Line length 
FF/NOFF Form feed 
CLS Clear definitions 


Radix 2, 8, 10, or 16 


Relocation/Linking 


.DEF 
.REF 
ВЕР 
.PSECT 
ЛОЕМТ 


ова 
ORDER 
DEF 
LOAD 
END 
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(тета! definition 
External reference 
Zero page reference 
Program section 
Module identification 


Origin 

Section order 

Symboi definition 

Load code specification 
Command file end 


INTRODUCTION 


The optional SPS Peripheral Connector Module (PCM) (Part 
No. SPS-200), which connects directly to the AIM 65 Microcom- 
puter Master Module connector, provides the Software Prepara- 
tion System (SPS) with a complete set of external I/O interfaces. 
These I/O interfaces support external printers, serial devices, 
audio cassette 20 mA current loop and parallel i/O devices such 
as the RM 65 board family. 


The externai printer interface routes and buffers (TTL levels) the 
printer signals to a Centronics compatible 34-pin connector for 
printer support. 


The RS-232 interface operates at the + 5V level. No handshak- 
ing signals are provided, but selectable handshake signals have 
been wired for static levels. Feed throughs are provided to cut 
and jumper these signals. Data Set/Data Terminal operation is 
selected using a jumper pair. 


The 20mA current loop interface routes four 20mA current loop 
signals from the AIM 65 Master Module connector (J1) to a 
dedicated Molex connector to provide current loop I/O support. 


The audio cassette recorder interface signals are routed to two 
mini-phone (3.5 mm) jacks for audio cassette support. The 
remote control lines are controled by reed relays and routed to 
two sub-mini-phone (2.5 mm) jacks. 


The parallel ГО connector interface supports the 40-pin signals 
routed to the interface by the AIM 65 Master Module User 


SOFTWARE PREPARATION SYSTEM (SPS) 
PERIPHERAL CONNECTOR MODULE 


SPS-200 


Microcomputer Development Systems 


SPS-200 


VIA (Z22). The parallel interface connector is compatible with 
many of the RM 65 modules, e.g., single Board Computer 
(SBC) and Multi-function Peripheral Interface (MPI), and with the 
AIM 65/40 Microcomputer connector, e.g., User Parallel I/O, 
Display Interface and Printer Interface. 


FEATURES 

• 34-pin connector for Centronics compatible printer support 
• RS-232 connector for serial interface support 

• Molex connector for 20 mA current loop support 


• 3.5 mm mini-phone jack connectors for audio cassette 
support 


* 2.5 mm sub-mini-phone jack connectors for remote tape 
control 


* 40-pin parallel ИО connector, compatible with the RM 65 
module family 


REFERENCE DOCUMENTS 


The following documents contain information regarding set-up 
and operation of SPS-200. 


Order Мо. | Title 
2167 R6500 Software Preparation System (SPS) 
User’s Manual 
209 АМ 65 Microcomputer User's Guide 


Li d EJ 
А 
ремонте; др P 7° "ү d 
it жой 


ioe cence воет 
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Document No. 29001D34 


Data Sheet Order No. D134 
February 1984 
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Peripheral Connector Module 


EXTERNAL PRINTER INTERFACE 
SPS Module Printer Connector 


ER Pin Signai Pin Signai 
1 STROBE 13 Data 6 
2 Ground 14 Ground 
3 Data 1 15 Data 7 
4 Ground 16 Ground 
5 Data 2 17 Data 8 
6 Ground 18 Ground 
7 Data 3 19 ACK 
8 Ground 20 Ground 
9 Data 4 21 Not Used 
10 Ground 22 Ground 
11 Data 5 23 to 34 Not Used 
12 Ground 
2 34 
ДИЈЕ 
1 33 
Interface Module Connector 
TOP VIEW 
PINS 18 & 36 ARE NOT CONNECTED 
PIN 1 
қ МЛВЕ 1 
МАТЕЗ ТО МАТЕЗ ТО 
INTERFACE EXTERNAL 
MODULE PRINTER 
34 WIRE FINA 
34 PIN І 
socker FIBBON CABLE CENTRONICS 
RECEPTACLE TYPE PLUG 
3M NO. 3414-6000 3M NO. 3366-1001 
OR EQUIVALENT OR EQUIVALENT 


6 FEET 


Printer Interface Cable (User Supplied) 


Centronics Type Connector Pin Assignment 


Pin | Signal | 
J-8 Data 7 
J-9 Data 8 
4-10 АСК 
4-11 to -17 Not Used 
J-19 to -29 Ground 
J-30 to -35 Not Used 
J-18 and J-36 Not Connected 


CABLE 
18 PRINTER 1 CONNECTOR 
(AMP) 552931-1 
REAR PANEL 
36 19 CONNECTOR 


External Printer Connector 


6-49 


RS-232 INTERFACE 
RS-232 Connector Pin Asslgnments 


Signal Input/Output 
Pin |Mnemonic Signai Name Data Set | Data Term 
Chassis Ground 
Transmit Data | о 
Receive Data о 1 
Clear to Send? +5V Always|+5V Always 
Data Set Ready! + 5V Always + 5V Always 
Signal Ground 
Data Carrier Detected! | + 5V Always|-- 5V Always 
Not Used L 
‘This can be cut for a No Connect option 
CABLE 
CONNECTOR 


J (АМР) 206771-1 
(OR EQUIVALENT) 


REAR PANEL 
CONNECTOR 
(3M) 3483-1000 


RS-232 Connector Pin Locations . 


20 mA CURRENT LOOP INTERFACE 


20 mA Current Loop Connector Pin Assignments 


| Pin | Signai Mnemonic Signal Мате | 
1 TTY KYBD TTY Keyboard 
2 TTY KYBD RETURN (+) TTY Keyboard Return (+) 
3 TTY PTR TTY Printer 
4 TTY PTR RETURN (+) TTY Printer Return (+) 


= KEYBOARD | To TTY 
===== RETURN | KEYBOARD 
<==] PRINTER 

— Euan | ТО ТТУ PRINTER 


CURRENT LOOP MOLEX NO. 08-50-0114 PINS 
CONNECTOR INSIDE МО. 22-01-2041 HOUSING 
(SIDE VIEW) 


20 ma Current Loop Connector Pin Locations 


$Р$-200 


PARALLEL I/O CONNECTOR INTERFACE 


Parallel 1/О Connector Pin Assignments 


Pin Mnemonic Signal Name Input/Output 
1* CB2 Port B, Control No. 21 Ше] 
2 Мо Соппес! 
3° СВ! Port В, Control No. 1 yo 
5* PB7 Port B, Bit 7 Де] 
7* PB6 Port B, Bit 6 Де] 
9* РВ5 Port В, Bit 5 yo 

11" РВ4 Port В, Bit 4 Де] 

13" РВЗ Port B, Bit 3 Де] 

15" | PB2 Port В, Bit 2 еј 

17" РВ! Port В, Bit 1 Ше) 

19° PBO Port В, Bit 0. vO 

21 РА? Port A, Bit 7 yo 

23 PA6 Port A, Bit 6 Vo 

25 РАБ Port A, Bit 5 Де] 

27 РА4 Port A, Bit 4 Џој 

29 РАЗ Port A, Bit 3 Де] 

31 PA2 Port A, Bit 2 Де] 

33 РА1 Port A, Bit 1 Де] 

35 РАО Port A, Bit 0 Де] 

37 СА2 Port A, Control Мо. 2 Џој 

39 CA1 Port A, Control No. 1 Џој 

40 No Connect 

Note: Even Numbered pins connected to GND. 

“These signals are used by the Printer Interface. 

1 This can be cut/jumpered to +5V. 

CABLE 
2 40 CONNECTOR: 
(3M) 3417-6040 
REAR PANEL 
CONNECTOR: 
1 39 


(3M) 3324-0000 


Parallel МО Connector Pin Locations 


DATA SET/DATA TERMINAL SETUP 


DATA SET 
JUMPER PDSITIONS 


DATA TERMINAL 
JUMPER POSITIONS 


TERM 


о 


ТЕНМ 


9 9 


ЗЕТ SET 
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AUDIO CASSETTE RECORDER INTERFACE 


== 
3.5 ММ ЈАСК 


ТО ТАРЕ EARPONE 
(TIP IS SIGNAL) 


к=з 
25 ММ ЈАСК 
ТО ТАРЕ 1 НЕМОТЕ 


EAR/ НЕМІ MIC REM2 


CONNECTORS 
а = 
2.5 MM JACK 


TO TAPE 2 REMOTE 
ced __|-== 
3.5 MM JACK 


TO TAPE MICROPHONE 
(TIP IS SIGNAL) 


Audio Cassette Recorder Interface 


WARNING 


This equipment generates, uses and can radiate radio 
frequency energy and if not installed and used in 
accordance with the instructions manuai, may cause 
interference to radio communications. It has been 
tested and found to comply with the limits for a Class 
A computing device pursuant to Subpart J of Part 15 
of FCC Rules, which are designed to provide reason- 
able protection against such interference when 
operated in a commercial environment. Operation of 
this equipment in a residential area is likely to cause 
interference in which case the user at his own expense 
will be required to take whatever measures may be 
required to correct the interference. 


INFORMATION TO USER: If this equipment does cause inter- 
ference to radio or television reception which can be 
determined by turning the equipment on and off, the user is 
encouraged to try to correct the interference by one or more 
of the foilowing measures: 


reorient the receiving antenna 

relocate the computer with respect to the receiver 
move the computer with respect to the receiver 
plug the computer into a different оше! so that the com- 
puter and receiver are on different circuits 


If necessary, the user should consult the dealer or an experi- 
enced radio/television technician for additional suggestions. 
The user may find the following bookiet prepared by the 
Federal Communications Commission helpful: 


"How to identify and Resolve Radio and TV 
interference Probiems: 


This booklet is available from the U.S. Government Print- 
та Office, Washington, D.C. 20402, Stock Number 
004-000-0345-4. 


Peripheral Connector Module 
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ЗЕСТЮМ 7 
AIM 65 MICROCOMPUTER FAMILY 
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АМ 65 MICROCOMPUTER FAMILY 
Professional, Hard Working, Low Cost, Blue Collar Microcomputer 


For low cost prototypes or low to medium volume 
production, Rockwell offers an extended family of board 
level ‘‘blue collar" products, easy to design-in and 
implement. All are built around the R6502 CPU and R6500 
peripherals so that applcations using the modules can be 
readily redesigned into devices as volume warrants. And, all 
of the board products are available with a wide range of 
languages—Microsoft BASIC, FORTH, PL/65, assembly, 
instant Pascal—for optimum system solutions. 

The AIM 65 (R6500 based Advanced Interactive 
Microcomputer) is an under $500 microcomputer, complete 
with keyboard, display and hard copy printer. it has 
extensive options, many interfaces and expansion 
capabilities. | you're planning on computerizing a product, 
АМ 65 is designed to do the job. If you're interested in 
designing a system around the R6500 family of devices, 


*AIM 65 Microcomputer is a trademark of the Rockwell International Corp. 


AIM 65 is also a mini-development systerri at the price of 
most evaluation boards. And, AIM 65 comes with complete 
documentation, making it simple to use. Since it is a "рез! 
seller" widely used in universities and industry, a large 
library of commercially available texts and manuals has 
developed, making it even easier to use. 

in addition to bare board blue-collar versions, the AIM 65 
is available in an enclosure, complete with power supply, for 
use as a desk top computer. Additional memory cartridges 
are available to plug onto the desk top AIM 65 providing 
additional languages or memory. These can let AIM 65 
function as a test instrument, analyzer or controller. 

Whatever your application, for a learning tool, evaluation 
system or industrial controller, a blue collar AIM 65 
Microcomputer is an economical solution. 
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AIM 65 Microcomputer Family 


A65-100 AND A65-400 
AIM 65 MICROCOMPUTER 


PRODUCT OVERVIEW 


The АМ 65 microcomputer is a compiete, assembled micro- 
computer system featuring a 20-column thermal printer, a 20- 
character alphanumeric display, and a full-size terminal style 
keyboard. On-board memory sockets accept up to 20K bytes 
of РВОМ/НОМ and АК bytes of static RAM. A user R6522 Мег- 
satile Interface Adapter (VIA) dedicates 16 parallel I/O data lines 
and four handshaking control lines to application usage. The 
address, data, and control lines are also accessible for off-board 
memory, peripheral and /О expansion. Ап 8K-byte ROM-resi- 
dent debug monitor and text editor provides immediate inter- 
active operation upon power turn-on. 


With its self-contained printer and display, the AIM 65 mi- 
crocomputer is ideal for educational and industrial desk-top 
applications. The on-board printer, unique to single-board 
microcomputers in its class, make the AIM 65 microcomputer 
a natural for any control and monitor application requiring hard 
copy output —such as equipment performance monitoring, data 
logging, test and evaluation, specialized data acquisition and 
reduction, laboratory measurements and analysis, and untold 
others. 


The interactive monitor simplifies computer program checkout 
with single step functions which trace instruction execution and 
register contents as well as stop execution at specified break- 
point addresses. Memory and registers can be examined and 
altered to set up controlled execution conditions and to allow 
detailed analysis of program performance. The text editor allows 
computer program assembly and high level language instruc- 
tions and data to be easily entered and edited at the source 
code level. 


A65-400 AIM 65 Microcomputer 


Document No. 29000D79 


FEATURES 


Single Board Computer with on-board RAM, ROM, and /О 
— Powerful and Popular 6502 CPU 

— Ор to АК bytes of 2114 Static RAM 

—Up to 20K bytes of 2532 PROM or R2332 ROM 
—User-Dedicated Application Parallel I/O Interface 


—Low-Cost Audio Cassette Recorder interface with 2 
Recorder Remote Control Lines 


— 20 мА Current Loop Serial Interface 

—Expansion Bus Interface 

20-Column Thermal Printer 

— 64 Character ASCII Format 

— 120 Lines per Minute 

--5 x 7 Dot Matrix Character Font 

20-Character Display 

—64-Character ASCII Format 

—.16-Segment Font 

—High Contrast Monolithic Characters 

Full-Size 54-key Terminal Style Keyboard 

—26 Alphabetic, 10 Numeric, and 22 Special Characters 

—9 Control Functions and 3 User-Defined Functions 

ROM-Resident Interactive Debug Monitor 

—Monitor-Generated Prompts and Single Keystroke Com- 
mands 

—Single-Step Execution with Tracing and Breakpoints 

—Memory and Register Examine and Alter 

— Mnemonic Instruction Entry and Disassembly 

Text Editor 

—Line Oriented Commands (Read, Insert, Delete, List) 

— Character String Find and Change 

Parallel Application Interface 

—R6522 Versatile Interface Adapter (VIA) 

—Two 8-bit Parallel Bidirectional Data Ports 

--Тмо 2-bit Handshake Control Ports 

—Two Programmable 16-bit Counter/Timers 

—8-bit Serial interface 

Optional ROM-Based Languages 

--4К Symbolic Assembler 

—8K BASIC Interpreter 

—8K PL/65 Compiler 

—8K FORTH Compiler/Interpreter 

—20K Pascal Compiler/interpreter (16K Bytes Off-Board) 


Data Sheet Order No. D79 
Rev. 1, April 1983 


A65-100, -400 
ORDERING INFORMATION 


Part No. Description 

A65-100 AIM 65 with 1K RAM 

A65-400 AIM 65 with 4K RAM 

А65-415 AIM 65 with 4K ВАМ & BASIC Interpreter ROMs 

A65-420 AIM 65 with 4K RAM, BASIC Interpreter ROMs 
& Assembler ROM 

A65-450 AIM 65 with 4K RAM & FORTH ROMs 

Order No. Description 

209 AIM 65 Microcomputer User's Guide’ 

209L АМ 65 Monitor Listing 


217 АМ 65 Reference Card” 

219 AIM 65 Schematic (Wall Chart)? 

201 R6500 Hardware Manual” 

202 R6500 Programming Manual” 

200 R6500 Programming Reference Саға” 

221 АМ 65 BASIC Language Reference Мапиа!® 
233 AIM 65 BASIC Reference Саға” 

265 АМ 65 FORTH User's Manual? 

283 AIM 65 FORTH Reference Card’) 

Notes: 


1. Included with all models. 
2. Included with A65-0415 and A65-0420. 
3. Included with A65-0450. 


FUNCTIONAL DESCRIPTION 


The AiM 65 microcomputer consists of a Master Module (which 
includes the central processing and control circuitry, decoders, 
memory, VO and printer control circuitry), an attached Display 
Module and a separate Keyboard Module. A thermal printer is 
mounted directly on the Master Module while the Display Module 
is mounted on angle brackets which are fastened to the Master 
Module. 


Central Processing and Control 


The R6502 8-bit microprocessor, the central processing unit 
(CPU) of the AIM 65 microcomputer, provides the overall contro! 
and monitoring of all AIM 65 operations. The R6502 commu- 
nicates with other AIM 65 elements on three separate buses. 
A 16-bit address bus allows the CPU to directly address 65,536 
memory locations. An 8-bit bidirectional data bus carries data 
from the CPU to/from memory and interface devices. The con- 
tro! bus carries various timing and control signals between 
the CPU and interfacing peripherals, devices, and off-board 
elements. 


The CPU operates at 1 MHz, which is derived from a 4 MHz 
crystal-controlled oscillator. The #2 system clock and read/write 
control signals are generated by the CPU, and are buffered and 
routed to other devices on-board and to the expansion connector. 


A decoder circuit provides chip select signals to the on-board 
PROM/ROM and RAM sockets and to the I/O devices. 4K-byte 
chip selects are sent to the PROM/ROM sockets ($BXXX- 
$FXXX) while 1K-byte select signals are routed to the RAM 
sockets ($00XX-$XCXX). On-board ИО is also decoded to 1K- 
byte selects (ФАОХХ-ФАСХХ). 


AIM 65 Microcomputer 
A pushbutton switch initiates RESET to the on-board devices 
and to interfacing equipment through the expansion connector. 
Installed terminal posts allow connection to a remote RESET 
Switch. The STEP/RUN switch selects program execution in 
either the single-step mode or the run mode. In single-step 
mode, execution of all instructions in the address range O- 
$9FFF can be traced or can be stopped at any of four specified 
breakpoints. The KB/TTY switch selects operation using the 
AIM 65 keyboard and display or using a teletypewriter attached 
to the 20 mA current loop interface. 


Memory 


Two 1024 x 4 2114 static RAM devices are 'едитед for each 
1K-byte of installed RAM. Both 1K and 4K versions are avail- 
able. The 1K version may be expanded on-board in 1K incre- 
ments up to 4K using the spare RAM sockets. 


Five PROM/ROM sockets accept installation of the 4K-byte 
R2332 ROM, 2532 PROM, or smaller devices with compatible 
pinouts, e.g., 2K-byte 2516 PROM. The AIM 65 microcomputer 
comes with two R2332 ROMs containing the Debug Monitor/ 
Text Editor installed at addresses $EO00-SFFFF. 


yo 


The 16 bidirectional data lines and 4 handshake control lines 
of the user-dediceted R6522 VIA are routed directly to the 
application connector. The high current capacity of the VIA's 
eight "B" port lines can directly drive many industry-standard 
devices, such as solid state relays. One of the lines can be used 
as either a serial input or output line. 


The audio recorder interface connects to one or two low-cost 
audio cassette recorders. Two remote control lines can control 
two separate recorders independently durinc read and write 
operations using the AIM 65 blocked audio recording format. 


Peripherals 


The printer prints on heat-sensitive roll paper by means of ten 
thermal elements, mounted on a movable head, each of which 
can print two 5 x 7 matrix dot characters. The printed characters 
are formed by dot patterns stored in the AIM 65 Monitor/Editor 
ROMs. A motor-driven platen advances the paper after each 
row of horizontal dots is printed. The motor and thermal element 
driver voltages are derived from an external -- 24V power supply. 
The printing is controlled by subroutines reside xt in the Monitor/ 
Editor ROMs. 


The AIM 65 display consists of five four-cigit 16-segment 
alphanumeric displays and an R6520 Peripheral interface 
Adapter (PIA) mounted on the Display Module which connects 
io the Master Module through two short solid-conductor ribbon 
cables. Each display quad contains internal memory, decoder, 
and driver circuitry, The display quads interface with the Master 
Module through the PIA. Data may be sent to the display using 
Monitor ROM subroutines. 


The Keyboard Module connects to the Master Module by a 
removable 16-conductor flat ribbon cable. The interface is 
through ап R6532 RAM, ИО, and Timer (RIOT) device which 
supports the Monitor with the RAM and timer. The key matrix 
is strobed by eight lines output through the RIOT with the matrix 
returns routed back through eight R6532 input lines. 


А65-100, -400 
OPTIONS 


Optional hardware and accessory items are available which 
expand the functionality of the АМ 65 Microcomputer. The 
microcomputer can be easily installed in an attractive, profes- 
sional, injection molded plastic enclosure for desk-top applica- 
tions. Plug-in memory cartridges (A65-905 series) connect to 
the AIM 65 enclosure to expand memory in configurations of 
RAM and/or PROM/ROM. System expansion via RM 65 mod- 
ules adds memory, input/output and peripheral (e.g., floppy disk 
and CRT display interface) functions to the on-board AIM 65 
resources. Three different adapters/buffer modules connect the 
AIM 65 Expansion Connector to either one RM 65 module or 
to one of the multi-slot RM 65 motherboards. PROM program- 
ming can be performed using either the AIM 65 PROM Pro- 
grammer or the RM 65 PROM Programmer Module (RM65- 
2901). The latter module has the advantage of being able to be 
used with other RM 65 modules connected to the system, e.g., 
RM 65 FDC module with AIM 65 DOS 1.0 (A65-090) firmware, 
to simplify source and object code handling. 


Optional ROM-based languages support computer program 
development in both R6500 assembly language and high level 
languages. BASIC (by Microsoft) is the most popular microcom- 
puter language used for computation and low speed control 
applications. FORTH is a highly efficient language in terms of 
memory utilization and execution speed—and also greatly 
shortens program development time. PL/65 provides structured 
control statements and compiles to 6500 assembly language to 
serve as an efficient system implementation language. The AIM 
65 Pascal is a unique implementation of a substantial subset of 
standard Pascal which features interactive statement entry and 
execution with debug features at the source statement level. 


AIM 65 Microcomputer 
OPTION ORDERING INFORMATION 


Description 
Accessories 
and Hardware 
А65-002 AIM 65 Enclosure 
A65-003 AIM 65 Service Test Board 
A65-004 AIM 65 Power Supply & Cable 
A65-006 AIM 65 Enclosure and Power Supply 
A65-901 AIM 65 PROM Programmer 
A65-905 AIM 65 Memory Cartridge 
RM65-7101E RM 65 Single Card Adapter for AIM 65 
RM65-7104E RM 65 Adapter/Buffer Module for AIM 65 
RM65-7116E RM 65 Cable Driver & Buffer Module for AIM 65 
Firmware 
A65-010 AIM 65 Assembler ROM 
A65-020 АМ 65 BASIC Interpreter ROMs 
A65-030 AIM 65 PL/65 Compiler ROMs 
A65-040 AIM 65 Math Package ROM 
A65-050 AIM 65 FORTH Interpreter System ROMs 
A65-060 AIM 65 Instant Pascal ROMs 
А65-090 AIM Disk Operating System Version 1.0 
(DOS 1.0) ROM” 
Software 
A65-024 AIM 65 BASIC Compiler": ? > 
A65-052 AIM 65 FORTH Compiler: ? > 9 
Notes: 


1. Requires RM 65 Floppy Disk Controller (FDC) module. 
(RM65-5101 NE). 

2. Requires AIM 65 DOS 1.0 ROM (A65-090). 

3. Provided on 514" double-density disk. 

4. Requires AIM 65 FORTH Interpreter ROMs (A65-050). 


Expansion Connector Pin Assignments 


__ 


Тор (Component Side} | Bottom (Solder Side} 
ees м 
Signat при | Signal | Input/ | 
Mnemonic | Signal Мате 4 Output Pin Pin Mnemonic Signal Name Output 
—i 

SYNC SYNC o -| 1 A AO Address Bit 0 о | 
RDY Ready ! 2 В Al Address Bit 1 о 
01 Phase 1 Clock о 3 с A2 Address Bit 2 о 
та Interrupt Request І 4 D A3 Address Bit 3 о 
5.0. Set Overflow 1 5 Е А4 Address Bit 4 о 
NMI Non-Maskable Interrupt І 6 Е А5 Address Bit 5 [e] 
RES Reset І 7 H Аб Address Bit 6 о 
07 Data Ви 7 UO 8 J A? Address Bit 7 о 
06 Data Bit 6 о 9 K A8 Address Bit 8 о 
05 Data Bit 5 Ше) 10 L A9 Address Bit 9 о 
D4 Data Bit 4 1/0 11 M A10 Address Bit 10 о 
03 Data Bit 3 1/0 12 N A11 Address Bit 11 о 
92 Data Bit 2 Мо 13 Р А12 Address Bit 12 о 
D1 Data Bit 1 мо 14 R A13 Address Bit 13 о 
ро Data ВИО 1/0 15 $ А14 Address Ви 14 о 
-12У *-12 Мас о 16 T A15 Address Bit 15 o 
*12V *+12 Мас о 17 U SYS 02 System Phase 2 Clock О 
С58 Chip Select 8 О 18 V SYS R/W System Read/Write о 
CSS Chip Select 9 о 19 Ww RN Read/Write "Мог" о 
CSA Chip Select A о 20 х ТЕЅТ Test о 

+5 Мас о 21 У 62 Phase 2 Clock “Not” о 

Ground 22 | 2 ВАМ R/W RAM Read/Write о 

Note: "Мог used оп АМ 65. 
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АМ 65 Microcomputer 


Application Connector Pin Assignments 


Top (Component Side) Bottom (Solder Side) 
Signal 


**Р Z jumpered to +24V through jumper. 


Signal 

Mnemonic Signal Name Type oo RU Pin Mnemonic Signal Name Type 1/0 

aoe ee ee ee SSS SSS eee 
GND Ground 1 A *5V +5V Power о 
РАЗ Port А Data Ви 3 NMOS 1/0 2 B NC . 
PA2 Port A Data Bit 2 NMOS 1/0 3 с 92 CPU Phase 2 Clock NMOS o 
PA1 Port A Data Bit 1 NMOS | 1/0 | 4 | D | RW CPU Read/Write NMOS 
PA4 Port А Data Ви 4 | NMOS 1/0 5 Е ТАРЕ 1B RTN Таре 18 Remote Control Return 1/0 
РАБ Port А Data Bit 5 NMOS Ше) 6 Е ТАРЕ 18 Таре 18 Remote Contro! Шә) 
РА6 Port A Data Bit6 NMOS | 1/0 7 H ТАРЕ 28 RTN Таре 2B Remote Control Return yo 
PA7 Port А Data Bit 7 | NMOS 1/0 8 J TAPE 2B Tape 2B Remote Control мо 
РВО Port B Data Bit O NMOS yo 9 K NC 
PB1 Port B Data Bit 1 NMOS 1/0 10 L AUDIO IN Audio Input Low 1 
РВ2 Port В Data Bit 2 NMOS [е] 11 м AUDIO OUT LO Audio Output Low Level о 
РВЗ Port 8 Data Ви 3 NMOS yo 12 N +12V +12 Мас Power о 
РВА Port В Data Bit 4 NMOS 1/0 | 13 P AUDIO OUT HIGH Audio Output High Leve! o 
PAO Port A Data Bit 0 NMOS 1/0 14 R ТТУ KYBD RTN (+) | TTY Keyboard Return 22 mA (+) 
РВ7 Port В Data Bit 7 NMOS [е] 15 5 TTY PWR АТМ (+) ТТУ Power Return 22 mA (+) 
PBS Port B Data Bit 5 NMOS | I/O | 16 T TTY KYBD TTY Keyboard (Data tn) 20 mA (-) 1 
РВ6 Port В Data 816 NMOS | 1/0 | 17 U TTY PWR TTY Power (Data Out) 20 тА (- | О 
св! Port В Control Ви 1 NMOS | I/O | 18 V TAPE 2A Tape 2A Remote Control UO 
CB2 Port B Control Bit 2 NMOS 1/0 19 уу ТАРЕ 1A Таре 14 Remote Control 1/0 
СА1 Port A Control Bit 1 | NMOS | 20 x NC . 
CA2 Port А Control Bit2 | NMOS | 1/0 | 21 Y SERIAL IN Serial Input І 
-12У -12 Мас* Power о 22 2 +24\/ +24 Vdc** Power о 
E. 1 Д |. == 

Notes: "Pin 22 jumpered to —12V through jumper. 


SPECIFICATIONS 


Parameter 


Value 


Outside Dimensions* 
Master Module 
Width 
Depth 
Height** 
Weight 


Keyboard Module 
Width 
Depth 
Height 
Weight 


Environment 
Operating Temperature 
Storage Temperature 
Relative Humidity 


Power Connector 


Interface Connector 
J1 (Application) and 
J3 (Expansion) 


J2 (Printer) 
J4 (Keyboard) 
45 (Display) 


Shipping Specifications 
Size lin box) 
Weight (in box) 


11.5 in. (292 mm) 
10.5 in. (267 mm) 
2.35 in. (60 mm) 

11b. 11 oz. (630 9) 


11.5 in. (292 mm) 
4.0 in. (102 mm) 
1.2 іп. (30 mm) 

1 1b. 3 oz. (443 а) 


0° to 50°C 
0° to 70°C 
0% to 85% (without condensation) 


6-Роѕт Terminal Block 


44-pin edge connector 

(0.156 in. centers). Mates with Viking 
2VH22/1ANDB or equivalent. 

17-pin flexible cable strip connector 
16-pin DIP connector 

32-pin strip connector 


13 in. (330 mm) x 14 in. (355 mm) x 7.5 in. (190 mm) 


B Ib. (3 kg) 
zd = = 25 


H 


Notes: "Reference PA00-D010. 
** To top of the display. 
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A65-100, -400 АМ 65 Microcomputer 


ELECTRICAL CHARACTERISTICS 


+5V +5% Regulated 
1K RAM + 2 ROMs* 
4K RAM + 5 ROMs 
+24V +15% Unreguletad 


Power Requirements 


Notes: 
*For additional RAM and ROM, aliow 
Typ Max 
1K 2114 RAM (2 devices) 0.160 0.200 
4K 2332 ROM (1 device) 0.080 0.120 


**+24\ peak current specified as worst case with printer dury cycle of 75%. For most cases, а +24V 2A power supply із sufficient. 


NMOS interface (Input Voltage = +5.0V, ТА = 25°C) 


Input High Voltage 


Input Low Voltage 

hy Input High Current 

(Ун = 2.4У) 

IL input Low Current 

(ViL = 04А) 

Vou Output High Voltage 

(одо < -100 А) 

VoL Output Low Voltage 

(ОАР <-3 тА) 

он Output High Current (Sourcing) 
(Мон 22.4V) 

Мон >1.5\, VIA РВО-РВ7 only) 
Jon Output Low Current (Sinking) 
(Vor < 0,49) 


TTL — industry standard LS TTL. 35 TTL —industry standard Tri-State LS TTL. 
OC TTL —industry standard Open Coliector LS TTL. ТР TTL —industry standard Totem Poie LS TTL. 


а SSE ee 


A65-100, -400 


РОВТА РОНТВ 
(10 LINES) {10 LINES) 


EXPANSION CONNECTOR 


y wur E ee 


DUAL AUDIO 
CASSETTE 
INTERFACE 


TELETYPE 
INTERFACE 


USER-DEDICATED 
R6522 VIA 


READ/WRITE 
, MEMORY (ВАМ) 
o ак OR ак) 
с 
SYSTEM E 
R6522 VIA z 
о 
< 
к 
< 
о 
PRINTER 4 
FACE 
INTER ы PROM/RAM 
в EXPANSION SCCKETS 
а (UP TO 12K) 
| 
20.COLUMN g 
ALPHANUMERIC @ 
THERMAL = 
PRINTER E 
т 
> 
N 
ADVANCED 
R6532 INTERACTIVE 
НАМ-4/О-ТІМЕН — MONITOR 
(8K) 


DISPLAY 
INTERFACE 


20-CHARACTER 
ALPHANUMERIC 
DISPLAY 


54-KEY 
TERMINAL STYLE 
KEYBOARD 


AIM 65 Microcomputer Block Diagram 
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А65-100, -400 
MONITOR COMMANDS 


Major Function Entry 


(RESET Button)-—Enter and Initialize Monitor 
ESC — Reenter Monitor 

— Enter and Initialize Text Editor 

— Reenter Text Editor 

— Jump to 0000 

— Jump to 8000 

— Jump to ВООЗ 


ooz-m 


instruction Entry and Disassembly 


| — Enter mnemonic instruction entry mode 
К — Disassemble memory 


Display/Alter Registers and Memory 


— Alter Program Counter to (address) 

— Alter Accumulator to (byte) 

— Alter X Register to (byte) 

— Alter Y Register to (byte) 

— Alter Processor Status to (byte) 

— Alter Stack Pointer to (byte) 

— Display all registers 

— Display four memory locations, starting at (address) 
PACE) — Display next four memory locations 

— Alter current memory location 


-аәкскшот-<х>»” 


Manipulate Breakpoints 


# — Clear all breakpoints 

4 — Toggle breakpoint enable on/off 

В — Set one to four breakpoint addresses 
2 — Display breakpoint addresses 


Control Instruction/Trace 


а — Execute user's program 

2 — Toggle instruction trace mode on/off 
V — Toggle register trace mode on/off 

Н — Trace Program Counter history 


Control Peripheral Devices 


— Dump object code to peripheral VO device 
— Toggle Tape 1 control on/off 

— Toggle Tape 2 control on/off 

— Verify tape checksum 

CTRL PRINT — Toggle Printer on/off 

LF — Line Feed 

PRINT — Print Display contents 


ом- ог 


Call User-Defined Functions 


F1 — Call User Function 1 
F2 — Call User Function 2 
F3 — Call User Function 3 


— Load object code into memory from peripheral /O device 


AIM 65 Microcomputer 


TEXT EDITOR COMMANDS 


В — Read lines into text buffer 
| — Insert line into text buffer 
К — Delete current line of text 


(SPACE) — Display current line of text 

L — List lines of text to peripheral /О device 
Ц — Move up one line 

D — Move down one line 

T — Go to top line of text 

В — Go to bottom line of text 

Е — Find character string 

С — Change character string 

Q — Quit Text Editor, return to Monitor 


AIM 65 Memory Map 


FFFF 


AIM 65 
DEBUG MDNITOR 
& TEXT EDITOR ROMs 


OPTIONAL 
Pascal** 
IRESERVED* 
8000 
7FFF 
А " OPTIONAL 
USER AVAILABLE Pascal** 
4000 
ЗЕҒЕ 
1000 
ЕЕЕ 
USE R AVAILABLE 
4А0 
49F 
USER AVAILABLE ** 
200 
1FF 


6502 STACK AND 
АМ 65 SYSTEM 


NOTES: *USER AVAILABLE IF MONITOR/EDITOR IS NOT USED. 


**USER AVAILABLE IF OPTIONAL LANGUAGE IS NOT USED: 


LANGUAGE ` PAGE 0 PAGE 24 
Assembler 0-DE- NOT USED 
BASIC 0-26 200 - 211 
FORTH 0-А4 200. 30A 
PL/65 - 0-04 200-49Е 
Разса! 06-84, FC-FF 200 - 2FF 


Monitor /Editor DF-FF NOT USED 


ON-BOARD 


OFF-BOARD 


ON-BOARD 


DESCRIPTION 


The AIM 65 “500” Series Microcomputer System offers the pop- 
ular AIM 65 Microcomputer, power supply, interconnect wiring, 
switches, and attractive injection molded enclosure—all fully 
connected, assembled, and ready for operation. Four models, 
pre-configured with varying combinations of ROM-based lan- 
guages, support many different educational, scientific, or indus- 
trial applications. The stylistic, low profile, compact enclosure 
with fine textured, попгейесіме brown finish complements 
classroom, industrial, office or laboratory environments. 


All models include a full-size terminal-style keyboard and 20- 
character alphanumeric display for interactive operator com- 
munications and a 20-column printer for hard copy records. of 
computed results of programs and/or data. Serial interface 
and control lines are provided for audio cassette storage of pro- 
grams and data files. The microcomputer memory features 4K 
bytes of RAM and 8K bytes of ROM-resident interactive debug 
monitor and text editor in addition to the available languages. 
Most important may be the flexibility afforded by the user- 
dedicated I/O port that interfaces to application sensors, actua- 
tors or peripherals. Built-in /O features include two 8-bit parallel 
handshake and one serial bidirectional data ports. Two 16-bit 
timer/controllers are available for time measurement or event 
counting. Finally, the microcomputer bus is accessible at a con- 
nector for external expansion with the AIM 65 memory cartridge 
system (A65-905-XX), AIM 65 PROM programmer (A65-901) 
or a selection of RM 65 modules such as floppy disk or CRT 
controllers. 


AIM 65 Microcomputer System 


Document No. 29001D26 


AIM 65 MICROCOMPUTER SYSTEM 


A65-0500 
AIM 65 Microcomputer Family 


A65-0500 


FEATURES 


R6502 CPU-based single board computer 
20-character 16-segment display 
20-column thermal printer 

Full-size 54-key terminal-style keyboard 
ROM-resident Debug Monitor/Text Editor 
Parallel application connection 

Expansion bus connection 

Includes power supply, switches and wiring 
Sturdy aluminum base 

Low-profile injection molded ABS top cover 


Enclosed, plug-in memory cartridge cption for desk-top 
expansion 


® RM 65 peripheral, input/output and memory module expan- 
sion interface 


Fully assembled, tested and warranted. 


ORDERING INFORMATION 


Part No. Description 

A65-0500 AIM 65 Microcomputer System with 4K RAM and 
12K PROM/ROM capacity 

A65-0515 AIM 65 Microcomputer System with 4K RAM, 8K 
BASIC Interpreter ROMs and 4K PROM/ROM 
capacity 

A65-0520 AIM 65 Microcomputer System with 4K RAM, 8K 
BASIC Interpreter ROMs and 4K Assembler ROM 

A65-0550 AIM 65 Microcomputer System with 4K RAM, 8K 
FORTH ROMs and 4K PROM/ROM capacity 

Order No. Description 

209 AIM 65 Microcomputer Users Guide 

209L AIM 65 Monitor Listing!” 

217 AIM 65 Reference Сага!) 

200 26500 Programming Reference Card") 

201 R6500 Hardware Manual") 

202 R6500 Programming Мапца! 1) 

221 AIM 65 BASIC Language Reference Мапџа! 2) 

233 AIM 65 BASIC Reference Сага) 

265 AIM 65 FORTH User's Manual? 

283 AIM 65 FORTH Reference Card?! 

Notes: 

1. Included with all models. 

2. Included with A65-0515 and A65-0520. 

3. Included with A65-0550. 


Data Sheet Order No. D126 
April 1983 


А65-0500 


SPECIFICATIONS 


AIM 65 Microcomputer System 


Characteristics 


Values 


Dimensions 
Width 
Depth 
Height 


3.9 in. (100 mm) 


Weight 


13.0 in. (330 mm) 
15.5 in. (395 mm) 


11 Ib. (5 kg) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0° to 50°C 
0° to 70°C 
0% to 85% (without condensation) 


Power 

Input voltage 
Fuse 

Power cord 


Power supply output 


115 Vac + 10%, 47-63 Hz? 
115 Vac, ТА 

6 ft., 3-conductor cord (125 МАС, 13A rating) with molded vinyl grounding 
plug (NEMA 5-15P) Class B 
5 VDC (3.0A max.) 

24 VDC (0.5 ave., 2.5A peak) 


Interface Connector 2) 
J1 (Application) and 
J3 (Expansion) 


44-pin edge connector (0:156 in. centers) 
Mates with Viking 2VH22/1 АМО5 or equivalent 


Notes: 


1. Power supply transformer input connections can be changed for 230 Мас = 10% input voltage. 
2. Refer to Data Sheet Order No. D79 for A65-100, -400 for additional specifications. 
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PRODUCT OVERVIEW 


The AIM 65 Microcomputer Enclosure is an attractive, profes- 
sional housing for the Rockwell AIM 65 Microcomputer. Fea- 
turing low-profile stylistic design, fine-textured, non-reflective 
finish and handsome brown color, the enclosure makes the AIM 
65 Microcomputer a pleasing addition to the office, laboratory, 
classroom and light industrial environment. The 13 x 15.5 x 
3.9 inches enclosure occupies minimal desk-top space. 


The enclosure consists of a sturdy aluminum base and a durable 
injection-molded top cover. The base includes mounting provi- 
sions for the power supply, line cord, power switch and circuit 
breaker. The cover is UL approved flame-retardant ABS mate- 
rial with metal threaded inserts for firm attachment to the base. 


Offered with or without an internal power supply, the enclosure 
comes with a rocker-type power on/off switch, a pushbutton 
reset switch, a 6-foot, 115 Vac line cord with 3-prong plug, a 
fuse hoider and fuse, and internal wiring for easy assembly to 
the AIM 65 Microcomputer. 


The filtered power supply provides +5V (regulated) at ЗА and 
--24V (regulated) at 5A (averagey2.5A (peak). Prewired DC 
power lines terminated with lugs connect directly to the AIM 65 
Microcomputer power terminal strip. The AIM 65 Microcomputer 
system passes the FCC Class B radio frequency interference 
requirements for personal computers when used with the A65- 
006 Enclosure and power supply. 


Ап external paper holder and paper feed guide allows easy 
printer paper replacement without top cover removal. А clear 
plastic tear bar with a straight knife edge is permanently attached 
to the top cover for convenient paper tear-off. Rear openings 
permit access to the application and expansion connectors. A 
remote Reset switch installed on the top cover is pre-wired to 
slip-on terminals to mate with external Reset switch posts on 
the AIM 65 Master Module. Removeable plugs allow access to 
the RUN/STEP and TTY/KB switches on the AIM 65 Master 
Module. 


—_--====_—_——_—_----_-_-___----________-_______-_ л Т FO TEE 


Document Мо. 29000080 


A65-002, Аб5-006 
АМ 65 MICROCOMPUTER ENCLOSURE 
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A65-002 • Аб5-006 


АМ 65 Microcomputer Family 


FEATURES 


e Attractive, low-profile styling 

• Compact and Portable 

e Sturdy aluminum base with integral accessory mounting 
brackets 

Durable injection-molded ABS top cover 

— Access holes to Application and Expansion connectors 

— External RESET push-button switch 

— Pluggable access holes to STEP/RUN and TTY/KB switches 
— Clear plastic printer paper tear bar 

All necessary accessories 

— Rocker-style power on/off switch 

— Fuse holder 

— Line Cord 

— А! assembly hardware included 


Optional +5V +24V internal power supply operates from 115/ 
230Vac @ 50/60 Hz 


Data Sheet Order No. D80 
Rev. 1, March 1983 


А65-002 апа Аб5-006 


АМ 65 Microcomputer Enclosure 


ORDERING INFORMATION 


Description 


A65-002 
А65-006 


АМ 65 Enclosure (without Power Supply) 
AIM 65 Enclosure and Power Supply 


SPECIFICATIONS 


Characteristic 


Characteristic Value 
Dimensions 
Depth 42.9 in (328 mm) 
Width 15.5 in (394 mm) 
Height %.9 іп ( 99 mm) 
Weight 


without Power Supply 
with Power Supply 
Shipping Weight 
without Power Supply 
with Power Supply 


5 Ib. 002. (2.24 kg) 
9 Ib. 6 oz. (4.20 kg) 


6 Ib. 8 oz. (2.9 kg) 
10 Ib. 14 02. (4.87 kg) 


Construction 
Base Material 


Mounting Brackets 
Cover 

Material 

Forming 

Color 

Finish 


Sheet Aluminum with 
Chem-film finish 
Integral 


Flame-retardant ABS plastic 
Injection Molded 
Dark Brown 
Non-Reflective, 
fine textured 


Accessories 
Fuse 


Power On/Off Switch 
Reset Switch 


115 Vac @ 1А/ 
230 Vac @ 0.5A 
Rocker-style 
Square Push-button 


Accessories (cont.) 


Power Supply 


Temperature Rating 


Power Cord 
Type 
Plug 
Length 

Rating 


AC Input 


DC Output 1 * 
Voltage 


Current 
Overvoltage Protection 


DC Output 2 
Voltage 
Current 


Short Circuit Protection 


UL. Recognized 


3-wire/18-gauge 
US 3-prong (NEMA 5-15P) 


6 feet 
125V/13A 


115/230 Vac + 10%, 
47-63 Hz 
(Derate output current 
10% for 50 Hz operation) 


Adjustable +5Vdc+5% 
(regulated) 

3.0A 

6.2+0.4Мас 


Adjustable + 24Vdc (regulated) 
0.54 (average)/2.5A (peak) 
Automatic current limit/foldback 


0° to 50°C full rated output 
(Derated linearly) to 40%@70°C 
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DESCRIPTION 


The AIM 65 Service Test Board, in conjunction with the AIM 65 
Microcomputer and AIM 65 Debug Monitor ROMs, performs a 
complete functional test of the microcomputer. This test board 
provides a convenient way to test the АМ 65 microcomputer 
either after repair or during periodic inspection and preventative 
maintenance. The module connects directly to the AIM 65 
Microcomputer Application and Expansion connectors. Power 
is supplied from the AIM 65 Microcomputer eliminating addi- 
tional power connection requirements. 


The ROM-based test program can be initiated immediately after 
microcomputer power turn-on. Menu type command prompts 
simplify test selection. Five separate commands ailow test level 
selection appropriate to the test objective. ALL TESTS selection 
performs nine separate tests consecutively to check all micro- 
computer circuits as well as the application and expansion inter- 
faces. Once initiated, operation is automatic with operator 
response required only to type keys to test the keyboard and 
to advance testing after printer adjustment. SINGLE TEST mode 
allows a specific test to be performed—this is especially useful 
when testing a particular device or circuit. CONTINUOUS TEST 
performs a repetitive test of the microcomputer without operator 
intervention—thus supporting burn-in operation and test after 
component replacement. R6532 and 2114 RAM can Бе selec- 
tively checked with the R6532 RAM and 2114 RAM tests, 
respectively. 


Test commands and results are displayed and printed. The 
printout provides hardcopy test results for easy inclusion in 
equipment maintenance records. Adjustment of potentiometers 
controlling printer speed, printer dot intensity and audio tape 
circuit gain enables proper and consistent settings. An LED pro- 
vides visual indication of proper audio circuit gain adjustment. 
Mechanical adjustment of printer gear alignment is also 
supported. 
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A65-003 
AIM 65 SERVICE TEST BOARD 


—————————— ——— ———— 


A65-003 
AIM 65 Microcomputer Family 


FEATURES 


Performs complete functional test 

No external equipment required 

Provides hardcopy test results 

ROM-based 4K-byte test program for immediate operation 
Performs five tests upon command 

—ALL TESTS 

— SINGLE TIEST 

—CONTINUOUS TEST 

—R6532 RAM TEST 

— 2114 RAM TEST 


Tests nine separate functions in ALL TEST mode or upon 
SINGLE TEST command 


—Chip select logic 

— РОМ checksum 

—R6532 and 2114 RAM 

— User R6522 VIA 

— System R6522 VIA 

— Display 

— Printer 

— Switch 

—Keyboard 

Isolates most failures to component level 
Supports calibration of variable adjustments 
— Audio tape circuit gain 

—Printer speed 

— Print intensity 

—Printer dot alignment 

Audio tape circuit gain adjustment LED indicator 


Easy installation—connects directly to AIM 65 Application 
and Expansion connectors 
No external power required 


ORDERING INFORMATION 


| Part No. 1 Description 


| А65-003 | ___АЈМ 65 Service Test Board 
Order No. | Description 
2117 | AIM 65 Self-Test Mocule User's Manual 


(Included with A65-003) 


Data Sheet Order No. D124 
April 1983 


Аб5-003 | АМ 65 Service Test Board 


A65-003 AIM-65 Service Test Module 
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DESCRIPTION 


The AIM 65 Power Supply and Cable is a compact open frame 
DC power supply with output cable for connection to an AIM 65 
Microcomputer. The power supply fits compactly inside the 
AIM 65 Enclosure (A65-002) to provide a complete table top 
microcomputer system. Тһе +5V/3A output provides plenty of 
power for full on-board PROM/ROM and RAM expansion. The 
+24V/1.5A output supplies power for the AIM.65 microcomputer 
printer. 


Slip-on terminals on the AC input terminal strip simplify con- 
nection to a wide range of input power: 110/115/215/230 Vac 
at 47-63 Hz. The 3-wire DC output cable, factory connected to 
the power supply output terminals, can be readily connected to 
the AIM 65 input power terminals. 


Both outputs are current limited to prevent damage to the power 
supply if the outputs are overloaded or accidentally shorted 
together. Full power is provided from 0° to 50°C. 


AIM 65 POWER SUPPLY AND CABLE 


A65-004-03 
AIM 65 Microcomputer Family 


A65-004-03 


FEATURES 


e Dual АС input voltage 
—110 or 115 Vac @ 47-63 Hz or 
— 215 or 230 Vac @ 47-63 Hz 
e Two DC output voltages 
—+5V for AIM 65 Microcomputer logic 
— +24М for АМ 65 Microcomputer printer 
Slip-on input connection 
Compact size—-fits in AIM 65 Enclosure 


e Meets ЕСС Class B RFI requirements for personal computers 
when connected to the AIM 65 Microcomputer 


• DC output cable included 


ORDERING INFORMATION 


Part No. Description 
А65-004-03' _Ромег Supply and Cab and Cable 


А65-004-03 Power Supply 
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Data Sheet Order No. D125 
April 1983 


A65-004-03 AIM 65 Power Supply and Cable 
SPECIFICATIONS 


Parameter Value 


AC Input 115/230 Vac + 10%, 47-63 Hz 


Parameter Value 


Dimensions 


(Derate output current 1096 for 50 A 6.31 in. (160.3 mm) 
Hz operation) B 4.50 in. (114.3 mm) 
[e 3.78 in. (96.0 mm) 
DC Output 1 D 1.62 in. (41.3 mm) 
Voltage Adjustable +5 Vdc = 5% (regulated) E 0.45 in. (11.4 mm) 
Current 3.0A F 1.10 in. (27.9 mm) 
Overvoltage Protection 6.2 + 0.4 Мас G 2.12 іп. (53.8 mm) 
H 0.95 in. (24.1 mm) 
DC Output 2 І 1.24 іп. (31.5 тт) 
Voltage Adjustable +24 Vdc (regulated) J 3.62 in. (91.9 mm) 
Current 0.5A (average)/2.5A (peak) K 1.20 іп, (30.5 mm) 
L 8-32 THD (3) 
Short Circuit Protection Automatic current limit/foldback Output Cable 
Length 10 in. (254.0 mm) 
Temperature Rating 0°С to 50°С full rated output (Derated Type 3-wire jacketed with internal balun 
linearly to 4096 @ 70°C) Load Termination Spade lugs 


Routed Outputs +5V, +24V and СОМ 


Е 
АС МРОТ TERMINAL ОС OUTPUT TERMINAL“ 


*SHOWN WITHOUT DC OUTPUT CABLE ATTACHED 
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ASSEMBLY LANGUAGE 


An assembler translates microprocessor instructions and data 
statements written in symbolic form (the source program) into 
machine executable code (the object program). The AIM 65 
Assembler translates one instruction, consisting of a label (if 
required), a mnemonic operation code, an operand (if required) 
and arithmetic operator (if required) into a machine instruction 
consisting of from one to three bytes of memory. Constants 
comprising one or more bytes of memory are generated from 
data statements while one or more bytes of memory are assigned 
to variables. The assembler operates in two passes. Pass 1 
checks for syntax errors and assigns values to symbols in a 
symbol table. Pass 2 generates the actual machine code and 
outputs the assembly listing which lists the source code and the 
corresponding machine code. 


The source code is usually entered using the AIM 65 Text Editor 
then assembled to generate the machine code for program 
execution and debugging. Program changes to the source pro- 
gram can easily be edited then the program reassembled to 
generate the new machine code thus eliminating the need for 
the programmer to code and recode the program in machine 
code—a time consuming and laborious process. 


PRODUCT OVERVIEW 


The AIM 65 Assembler is a 4K-byte ROM-resident, two-pass 
symbolic assembier that plugs into socket Z24 on the AIM 65 
Microcomputer Master Module and operates in conjunction with 
the AIM 65 Debug Monitor/Text Editor ROMs. The assembler 
translates computer program instructions written in standard 
assembly language for the 6502 microprocessor into machine 
code that will operate in any 6502 or 65XX CPU. Operating 
options are selected interactively by the operator upon assembly 
command. These options specify source code device, object 
code device, symbol table location, full assembly or errors only 
output listing and output listing device. Memory to memory 
assembly is supported for rapid program generation. Compati- 
bility with the RM 65 Floppy Disc Controller (FDC) module 
(RM65-5101NE) and AIM 65 DOS 1.0 ROM (A65-090) allows 
source code to be input from one or more files on floppy disk 
and object code to be output to a floppy disk file to assemble 
very large programs and to permanently save source and object 
code. 
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A65-010 
AIM 65 ASSEMBLER ROM 


A65-010 
AIM 65 Microcomputer Family 


FEATURES 


AIM 65 Microcomputer host 

6502 machine code generation 
ROM-resident for immediate operation 
Symbolic linkage—operands and labels 
Interactive assembler operation setup 
Operator selected input device 
—Memory (text buffer) 

—Audio tape 

—TTY 

— User defined 

Operator selected object code output device 
— Memory (ВАМ) 

—Audio tape 

--ТТҮ 

—Display/printer 

— Printer 

— User-defined 

Operator selected assembly/error listing output device 
— Display/printer 

— Printer 

— User-defined 

Assembler directives 


e AIM 65 DOS 1.0 compatible 


MEMORY MAP 


Address (Hex) Contents 


$D000-$DF FF 
$0-$АС 


Assembler Program 
Assemtler Variables 


ORDERING INFORMATION 


| Part No. Description 
А65-010 АМ 65 Assembler ROM 

Order No. Description 

209 AIM 65 User's Guide 


(includes AIM 65 Assembler 
User's Instructions) 


Data Sheet Order No. D112 
April 1983 


A65-010 AIM 65 Assembler ROM 
R6502 CPU INSTRUCTIONS 


Mnemonic Instruction Mnemonic Instructlon 
| | —] 
ADC Add Memory to Accumulator with Carry LDA Load Accumulator with Memory 
AND AND Memory with Accumulator LDX Load Index X with Memory 
ASL Shift Lett One Bit (Memory or Accumulator) LDY Load index Y with Memory 
BCC Branch on Carry Clear LSA Shift Right One Bit (Memory or Accumulator) 
BCS Branch on Carry Set NOP No Operation 
BEQ Branch on Result Zero р 
BIT Test Bits in Memory with Accumulator ORA OR Memory with Accumulator 
BMI Branch on Result Minus PHA Push Accumulator on Stack 
BNE Branch on Result Not Zero PHP Push Processor Status on Stack 
BPL Branch on Result Plus PLA Pull Accumulator from Stack 
BRK Force Break PLP Pull Processor Status from Stack 
owe Tranen on Ометом gear ROL Rotate One Bit Left (Memory or Accumutator) 
ROR Rotate One Bit Right (Memory or Accumulator) 
сіс Clear Саму Flag ВТ! Return from Interrupt 
CLD Clear Decimal Mode RTS Return from Subroutine 
cu Clear Interrupt Disable Bit SBC Subtract Memory from Accumulator with Borrow 
CLV Clear Overflow Flag 
SEC Set Carry Flag 
CMP Compare Memory and Accumutator Қ 
SED Set Decimal Mode 
CPX Compare Memory and index X Н 
СРУ Compare Memory and index У ЗЕ} Set Interrupt Disable Status 
Y STA Store Accumulator in Memory 
DEC Decrement Memory by One STX Store index X in Memory 
DEX Decrement Index X by One STY Store Index Y in Memory 
pev Decrement Index Y by One TAX Transfer Accumulator to index X 
EDR Exclusive-OR Memory with Accumulator TAY Transfer Accumulator to Index Y 
INC Increment Memory by One TSX Transfer Stack Pointer to Index X 
INX i ` nt | M Ox by On TXA Transfer index X to Accumutator 
INY поете Index YbyO е TXS Transfer index X to Stack Pointer 
ncrement Index Y by One TYA Transfer index Y to Accumulator 
JMP Jump to New Location 
JSR Jump to New Location Saving Return Address 
aL + 
Function Command Function 
Equate „ОРТ Listing control option 
Byte constant LIS/NOL Assembly listing generation 
Word constant GEN/NOG Object code question 
Double-byte constant ERR/NOE Error listing generation 
Page heading .FILE Source code file linkage 
Skip line .END Last statement/first source code file linkage 


BASIC LANGUAGE 


BASIC is a simple but powerful computer program language. 
Originally developed at Dartmouth University, BASIC has gained 
universal acceptance and is commonly used world-wide in 
schools, industry, and science. 


The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved. Internal floating 
point arithmetic handles a wide range of numeric values 
(2.93873588E —39 to 1.70141183E + 38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtrac- 
tion, multiplication and division, a full set of transcendental func- 
tions support trigonometric, exponential, square, square root, 
polynomial and logarithmic operations. 


PRODUCT OVERVIEW 


The AIM 65 BASIC Interpreter, consisting of input formatter, 
lister, floating point functions, interpreter and input/output func- 
tions, is contained in two 4K-byte ROMs that plug into sockets 
725 and 726 on the АМ 65 Microcomputer Master Module. AIM 
65 BASIC operates in one of two modes, development and run- 
time. In the development mode, BASIC statements are entered 
and executed as either direct or indirect commands. Direct com- 
mands are executed upon entry to provide immediate results, 
however, the statements are not stored for subsequent execu- 
tion. Indirect commands are entered along with an associated 
line number and are executed upon RUN command entry. The 
AIM 65 microcomputer peripherals, i.e., the keyboard, 20-char- 
acter single line display and 20 column printer, are used in the 
development mode to enter statements, to list entered indirect 
statements and to display/print execution results. The AIM 65 
Debug Monitor/Text Editor ROMs must be resident in both the 
run-time and the development mode. 


In the run-time mode, BASIC begins execution of the application 
program (i.e., previously entered indirect statements) without 
entering the BASIC command level. A short user-provided driver 
program initializes BASIC upon entry from the AIM 65 Monitor 
command level via key depression or execution command (or 
upon power turn-on or RESET if the RESET vector points to the 
application program). 


The AIM 65 BASIC Interpreter ROMs, when installed in the AIM 
65 Microcomputer, support development and checkout of an 
application program written in BASIC that is to be installed in 
an RM 65 Single Board Computer (SBC) module for run-time 
operation. The developed program, located in PROM or loaded 
from mass storage, will run with RM 65 Run-Time BASIC ROM 
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AIM 65 BASIC INTERPRETER ROMS 


A65-020 
AIM 65 Microcomputer Family 


A65-020 


installed in the RM 65 SBC module. In this configuration, all RM 
65 input/output operations must be user-provided and can be 
tested using the AIM 65 Microcomputer prior to being installed 
in the RM 65 environment. 


LANGUAGE FEATURES 


BASIC is easy to learn 

Microsoft BASIC is universally accepted 

BASIC is widely used 

Supports simple and complex statements 

Floating point arithmetic functions 

— Ада, subtract, multiply, divide 

—Trigonometric (sine, cosine, tangent, arctangent) 
— Exponential, square, square root 

—Natural logarithm 

е String variables and arrays 

e Integer variables 

e Subroutine calls 
• 
• 


Conditional expressions 
User function 


INTERPRETER FEATURES 


AIM 65 Microcomputer host 

ROM resident for immediate operation 

Operates in development and run-time modes 

Fast execution (reference Microsoft 6502 BASIC 
interpretation) 

Develops programs for execution in AIM 65 Microcomputer 
with AIM 65 BASIC installed or in RM 65 Single Board Com- 
puter (SBC) module based system with RM 65 Run-Time 
BASIC installed 


Executes application program from RAM or PROM 


ORDERING INFORMATION 


Part No. Description 

A65-020 AIM 65 BASIC ROMs 

RM65-0122 | RM 65 Run-Time BASIC ROM 

Order No. Description 

221 AIM 65 BASIC Language Reference Manual 
233 AIM 65 BASIC Reference Card” 

810 RM 65 Run-Time BASIC Users Manual? 
Notes: 

1. Included with A65-020. 

2. Included with RM65-0122. 


Data Sheet Order No. D104 
April 1983 


A65-020 AIM 65 BASIC Interpreter ROMs 


MEMORY MAP | PROM PROGRAMMING 


The application program is easily programmed into a PROM for 
operation in an OEM or end-user environment using the AIM 65 


Address (Hex) Contents 


SE RARE T АМ 55 ВАЗ Program Microcomputer connected to either an RM 65 PROM Pro- 
50-506 АМ 65 BASIC Variables grammer module (RM65-2901E) or an AIM 65 PROM Pro- 


grammer and CO-ED Module (A65-901). 


BASIC STATEMENTS 


Program Statements Commands String Functions 
DEF FN CLEAR ASC 
DIM CONT СНА$ 
ЕМО FRE LEFT$ 
FOR LIST LEN 
GOSUB LOAD MIDS 
GOTO NEW RIGHTS 
IF... GOTO PEEK STR$ 
IF... THEN POKE VAL 
LET RUN 
NEXT SAVE Arithmetic Functions 
ON GOSUB ABS 
ON... GOTO input/Output АТМ 
REM 
RESTORE DATA cos 
RETURN GET EXP 
STOP INPUT INT 
USR READ LOG 
WAIT PRINT RND 
SPC SIN 
TAB SGN 
POS SQR 
TAN 


“Links to user-provided function. 
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BASIC LANGUAGE 


BASIC is a simple but powerful computer program language. 
Originally developed at Dartmouth University, BASIC has gained 
universal acceptance and is commonly used world-wide in 
schools, industry, and science. 


The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved. Internal floating 
point arithmetic handles a wide range of numeric values 
(2.93873588E —39 to 1.70141183E +38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtraction, 
multiplication and division, a full set of transcendental functions 
support trigonometric, exponential, square, square root, poly- 
nomial and logarithmic operations. 


PRODUCT OVERVIEW 


The AIM 65 BASIC Compiler, consisting of the BASIC compiler 
and BASIC run-time library, is contained on an AIM 65 diskette. 
The BASIC Compiler, in conjunction with the BASIC run-time 
library, compiles a program written in the BASIC language into 
a 6500 assembly language source file and an optimized run- 
time library file. The BASIC source code file is made up of 
indirect BASIC commands and statements. The two output files, 
assembly source file and optimized run-time file, are then 
assembled using the AIM 65 Assembler to create a BASIC 
object code file for execution. 


The AIM 65 Text Editor can be used to create and edit the 
application program source code. The АМ 65 peripherals, i.e., 
keyboard, 20-character single-line display and 20-column printer, 
are used to enter and list BASIC statements and to display/print 
execution results. 


The disk-based compiler operates on the AIM 65 Microcom- 
puter in conjunction with the RM65 Floppy Disk Controller (FDC) 
module and the AIM 65 DOS 1.0. The AIM 65 Assembler (Part 
No. A65-010) is required to support the BASIC Compiler on the 
AIM 65 Microcomputer. 
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AIM 65 BASIC COMPILER 


A65-024 


AIM 65 Microcomputer Family 


A65-024 


LANGUAGE FEATURES 


BASIC is easy to learn 

Microsoft BASIC is universally accepted 
BASIC is widely used 

Supports simple and complex statements 
Floating point arithmetic functions 

— Add, subtract, multiply, divide 
—Trigonometric (sine, cosine, tangent, a-ctangent) 
—Exponential, square, square root 
—Natural logarithm 

String variables and arrays 

Integer variables 

Subroutine calls 

Conditional expressions 

User function 


COMPILER FEATURES 


e Aim 65 Microcomputer host 

e Generates standalone object code 

e Compiles to 6500 assembly language easing optimization 
Fast execution 


Develops programs for execution in AIM 65 Microcomputer 
without АМ 65 BASIC installed or in ЕМ 65 Single Board 
Computer (SBC) module based system without RM 65 Run- 
Time BASIC installed 


Executes application program from RAM or PROM 


ORDERING INFORMATION 


Description 


A65-024 


AIM 65 BASIC Compiler 
Description 


2159 AIM 65 BASIC Compiler User's Manual? 
233 AIM 65 BASIC Reference Сага") 

Note: 

1. Included with A65-024. 


Data Sheet Order No. D110 
August 1983 


А65-024 АМ 65 BASIC Compiler 


MEMORY MAP PROM PROGRAMMING 


The application program is easily programmed into a PROM for 
А [сев ______ - юа! 
ddress (Hex) Contents operation in an OEM or end-user environment using the AIM 65 
Microcomputer connected to either an RM 65 PROM Pro- 
grammer module (RM65-2901E) or an AIM 65 PROM Pro- 


$1000-$3C00 AIM 65 BASIC Compiler 
$0-$FF AIM 65 BASIC Variables 


| grammer and CO-ED Module (А65-901). 


BASIC STATEMENTS 


Program Statements 


Commands String Functions 


DEF FN PEEK ASC 
POKE 


Input/Output 


GOTO CE RIGHTS 
IF... GOTO MEUS STRS 
IF... THEN VAL 
READ 
LET PRNT 
NEXT SPC Arithmetic Functions 
ON ...GOSUB 
ON...GOTO ТАВ ABS 
POS АТМ 
НЕМ cos 
RESTORE © 
ВЕТОВМ INT 
STOP 
LOG 
USR END 
WAIT SIN 
SGN 
бан 
ТАМ 


"Links to user-provided function. 
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PL/65 LANGUAGE 


PL/65 is a high level language developed for the R6500 family 
of microprocessors. Resembling PL/I and Algol in general form, 
PL/65 combines high level language attributes with the power 
and flexibility of assembly language for efficient generation of 
time-critical and system implementation software. High level 
constructs speed program development and eliminate machine 
coding errors by the use of compiler generated algorithms. All 
language features are aimed at improving the productivity of the 
systems programmer by simplifying the writing of computer pro- 
grams normaily written in assembly language. 


PRODUCT OVERVIEW 


The AIM 65 PL/65 Compiler is contained in two 4K-byte ROMs 
that plug into sockets 225 and Z26 on the AIM 65 Microcom- 
puter Master Module. The compiler operates in conjunction with 
the AIM 65 Debug Monitor/Text Editor ROMs. Source code 
written in PL/65 is compiled into assembly language instructions 
rather than 6502 CPU machine code to allow program enhance- 
ment at the assembly level, if needed, and to avoid symbo! 
manipulation in the compiler. Drop down capability allows 
assembly language to be incorporated in-line in the source 
code, however. The generated assembly language may then be 
assembled on the AIM 65 Microcomputer using the AIM 65 
Assembler ROM. 


Compatibility with the RM 65 Floppy Disk Controller (FDC) 
module and AIM 65 DOS 1.0 firmware allows efficient mass 
storage and file handling of source code written in PL/65, the 
PL/65 compiler generated assembly language and the assem- 
bled machine code—especially for large programs. The com- 
piler inputs source code from the AIM 65 Text Editor, audio tape, 
TTY or user-defined devices and outputs assembly code to dis- 
play/printer, memory, audio tape, TTY or user defined devices. 
The floppy disk interface is implemented through the user-defined 
functions via DOS 1.0 firmware. 


PL/65 compilers have also been implemented on the AIM 
65/40 Microcomputer and the System 65 Development system 
to allow programs written in PL/65 to be transported between 
these systems. AIM 65 and AIM 65/40 PL/65 is a subset of the 
System 65 PL/65. 
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AIM 65 PL/65 COMPILER ROMS 


A65-030 


AIM 65 Microcomputer Family 


A65-030 


FEATURES 


AIM 65 Microcomputer host and target 

ROM resident for immediate operation 

Resembles PL/I and Algol 

Increases program productivity and efficiency 

Improves program reliability 

Reduces programming errors 

Drops down to assembly language by block or single instruc- 
tion for optimal code efficiency 

Includes control structures for conditional branching and iter- 
ative looping 

e Supports structured programming and self-documentation 

e Encourages modular program design 

e Compatible with RM 65 FDC module and AIM 65 DOS 1.0. 


MEMORY MAP 


Address (Hex) Contents 


$ВООО-ФСЕЕЕ |PL/65 Compiler Program 

$0200-$049F  |PL/65 Compiler Variables (Cornpilation Only) 

$0-$4 PL/65 Compiler Variables (Compilation and 
Runtime) 


ORDERING INFORMATION 


A65-010 АМ 65 Assembler ROM?! 
Order No. Description 
257 AIM 65 PL/65 Compiler User's Manual” 


NOTES: 
1. Included with A65-030. 
2. User's instructions included in AIM 65 User's Guide 


Description 
A65-030 AIM 65 PL/65 Compiler ROMs 
(Order No. 209). | 


Data Sheet Order No. D109 
March 1983 


A65-030 AIM 65 PL/65 Compiler ROMs 


PL/65 LANGUAGE STATEMENTS 


Specification Block Imperative 
ENTRY BEGIN SHIFT 
EXIT DO ROTATE 
TFILE END ASSEMBLY CODE 
DFILE INC 
Declaration INCW 
Conditional Execution DECLARE BEEN 
IF-THEN-ELSE DEFINE 
DATA STACK 
А UNSTACK 
Branching 
GOTO Assignment Looping 
CALL Direct Single Byte Move TO. 
RETURN Indirect Single Byte Move E Ex 
АТ! Direct Multiple Byte Move 
BREAK А 
HALT Miscellaneous 
Comment 


Tab 
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FLOATING POINT ARITHMETIC 


Floating point arithmetic is often desired to perform mathemat- 
ical operations in calculation intensive applications such as sci- 
entific computation, industrial data acquisition and reduction, 
process control, and laboratory measurements. іп the AIM 65 
Math Package, a number is represented in floating point form 
as an unsigned exponent, a normalized mantissa and an arith- 
metic sign. The magnitude of the number is equal to two raised 
to the exponent power times the fractional mantissa, where the 
exponent may range from —127 to +127. The mantissa is a 32- 
bit number normalized such that the most significant bit (MSB) 
is always equal to "1". Operating on floating point numbers 
alleviates programming difficulty and additional development 
time usually associated with fixed point scaling and minimizes 
uncertainties when performing calculations involving both very 
large and very small numbers. Numbers in magnitude from 
2.93873588E —39 to 1.70141183Е +38 сап be handled in the 
AIM 65 Math Package. In addition, nine digit accuracy is pro- 
vided in most calculations. 


PRODUCT OVERVIEW 


The AIM 65 Math Package contains a full complement of floating 
point arithmetic, conversion, trigonometric, utility and other tran- 
scendental functions as user callable subroutines in a 4K-byte 
ROM. Programmed in 6502 machine language for fast execu- 
tion, these functions support calculation intensive applications. 
These functions are host computer independent and may be 
installed in any 6502 CPU based microcomputer supporting the 
memory map requirements. The math package is located at 
$D000-$DFFF to allow direct installation in an АМ 65 Micro- 
computer, an RM 65 Single Board Computer (SBC) module or 
in an RM 65 PROM/ROM module. 


іп addition to the machine language interface, direct linkage to 
AIM 65 FORTH and RM 65 Run-Time FORTH provides floating 
point processing in the FORTH language. When installed in an 
AIM 65 Microcomputer with AIM 65 FORTH also installed, the 
floating point words can be automatically linked to the FORTH 
vocabulary during FORTH initialization. Application programs 
written in FORTH can thus be both developed and executed on 
the AIM 65 Microcomputer. For OEM or end user installation in 
an RM 65 system with user-provided input/output functions, 
such programs can be developed on an AIM 65 Microcomputer 
then transferred to an RM 65 SBC based system with RM 65 
Run-Time FORTH installed for execution in the RM 65 
environment. 
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AIM 65 MATH PACKAGE ROM 


A65-040 
AIM 65 Microcomputer Family 


A65-040 


FEATURES 


e Floating point arithmetic 
—Addition and subtraction 
—Multiplication and division 

e Integer arithmetic 
—Multiplication 
—Division 

• Comparison (<, =, >) 

• Trigonometric 

— Sine and cosine 

—Tangent and arctangent 

Conversion 

—Degrees to radians 

—Radians to degrees 

Polynomials 

—Consecutive power 

— Оаа power 

• Logarithmic 
—Natural log 
--Соттоп log 

• Square root, power, exponential 

e Absolute value, integer and floating point sign, greatest integer 


• 6502 CPU machine instruction linkage 
® Host computer independent 

AIM 65 FORTH and RM 65 Run-time FORTH compatible 
4K-byte ROM based 

Nine digit accuracy 

Wide range (2.93873588E —39 to 1.70141183E +38) 


ORDERING INFORMATION 


Part No. Description 
— 
A65-040 Т АМ 65 Math Package ROM 
A65-050 AIM 65 FORTH ROMs 
RM65-0152 RM 65 Run-Time FORTH ROMs 
Order No. Description 
2118 AIM 65 Math Package User's Manual” 
265 АМ 65 FORTH User's Manual” 
812 НМ 65 Run-Time FORTH User's Manual 
Notes: 


1. Included with A65-040. 
2. Included with A65-050. 
3. Included with RM65-0152. 


Data Sheet Order No. D106 
March 1983 


А65-040 АМ 65 Math Package ROM 


MEMORY MAP 
Address (Hex) Contents 
$0000-$DFFF АМ 65 Math Package Program 
$AB-$C4 AIM 65 Math Package Variables 
$25C-$27E AIM 65 Math Package Variables 


MATH PACKAGE FUNCTIONS 


Assembly Assembly 

Language FORTH Language 

Label Word Function Label Function 

INIT Initialize Math Package SIN SIN Sine 

FADDT Е+ Floating Point Add cos cos Cosine 

FADD Floating Point Add (Memory) TAN TAN Tangent 

FSUBT F- Floating Point Subtract ARCTAN ARCTAN Arc Tangent 

FSUB Floating Point Subtract (Memory) DEGRE DEGREES Convert Radians to Degrees 

FMULTT Е" Floating Point Multiply RADS RADIANS Convert Degrees to Radians 

FMULT Floating Paint Multiply (Memory) POLYX POLYODD Odd Exponent Polynomial 

FDIVT F/ Floating Point Divide POLY POLY Consecutive Exponent Polynomial 

FDIV Floating Point Divide (Memory) MOVFM M>F Move Number from Memory to FAC 

(MULT Integer Multiply MOVMF Е>М Move Number from FAC to Memory 

IDIVID Integer Divide MOVFA Move Number from ARG to РАС 

FTOD Convert Floating Point to Integer MOVAF Move Number from FAC to ARG 

DTOF Convert Integer to Floating Point CONUPK М>А Move Number from Memory to ARG 

NEGFAC Negate Floating Point Number S>A Move Number from Stack to ARG 

ABS FABS Absolute Маше of Floating Point S>F Move Number from Stack to FAC 
Number Е>5 Move Number from FAC to Stack 

INT INT Truncate Floating Point Number FIN FIN Convert ASCII to Floating Point 

SGN SGN Sign of FAC to FAC FOUT FOUT Convert Floating Point to ASCII 

SIGN FSIGN Sign of FAC to ARG MINLN MIN-WIDTH | FOUT Minimum Field Width Variable 

FCOMP FCOMP Compare Fioating Point Number DECLN DEC-LENGTH | FOUT No. of Places to the Right of the 

SQR SQR Square Root Decimal Point Variable 

FPWRT 1 Raise to a Power 

EXP EXP Exponential 

LOG10 LOG Common Log 

LOG LN Natural Log 
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FORTH LANGUAGE 


FORTH is a unique programming language well suited to a 
variety of applications. Because it was originally developed for 
real-time control applications, FORTH is ideal for machine and 
process control, energy managements, data acquisition, auto- 
matic testing, robotics and other applications where assembly 
language was previously the only possible language choice. 


FORTH actually provides the best of two worlds. It has the 
looping and branching constructs of high-level languages 
(DO ...LOOP, BEGIN... END, IF... THEN and IF... ELSE 
... THEN) апа the code efficiency of machine and assembly 
languages. And programmers will be pleased to know that 
FORTH allows you to specify addresses, operands and data in 
hexadecimal, octal, binary or any other number base from two 
to 40—a distinct advantage over languages like BASIC, where 
all information must be in decimal. 


In most time-critical applications, at least part of the program 
must be written in assembly language. FORTH has а built in 
6502 macro assembler, and lets you drop into assembly lan- 
guage at almost any point in your program, without perarate 
assembly and load steps or awkward machine level linkage. 
FORTH programs typically run up to ten times faster than other 
interpretive languages, and can even approach the speed of 
machine language programs for some applications. 


FEATURES 


AIM 65 Microcomputer host and target 
ROM resident for immediate operation 
Application oriented 

Extensible language 

Over 200 pre-defined functions 
Interactive compilation 

Reverse polish notation 

Compact memory usage 

Fast execution 

Easy debugging 

Stack implementation 

16-bit words 

Built-in structured macro assembler 
Shortens software development time 
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AIM 65 FORTH ROMS 


A65-050 
AIM 65 Microcomputer Family 


A65-050 


PRODUCT OVERVIEW 


AIM 65 FORTH, consisting of primitives, interpreter, macro 
assembler and input/output functions, is contained in two 4K- 
byte ROMs that plug into the AIM 65 Microcomputer Master 
Module sockets Z25 and Z26. FORTH functions are linked 
to АМ 65 Debug Monitor and Text Editor ROMs providing 
access to the AIM 65 peripherals (keyboard, single-line display 
and 20 column printer) as well as user-defined input/output 
functions. Both interactive and batch modes of operation are 
supported. Interactive operation interprets FORTH words upon 
entry for immediate execution and debugging or for compilation. 
In the batch mode, FORTH words can be entered into the Text 
Buffer then input to FORTH for interpretation. The batch mode 
allows an application program to be easily edited using Text 
Editor commands. Application programs written in FORTH can 
thus be developed, as well as executed for checkout or pro- 
duction operation, on the AIM 65 Microcomputer. 


АМ 65 FORTH ROMs, when installed in ar. AIM 65 Microcom- 
puter, can also be used to develop and checkout an application 
program written in FORTH that is to be installed in an RM 65 
Single Board Computer (SBC) module for runtime operation. 
The developed program will run with RM 65 Run-Time FORTH 
ROMs installed in the RM 65 SBC module. In this configuration, 
all RM 65 input/output operations must be user-provided and 
can be tested using the АМ 65 Microcomputer as the host com- 
puter prior to being installed in the RM 65 environment. 


ORDERING INFORMATION 


Part No. Description 


A65-050 AIM 65 FORTH ROMs 
A65-040 AIM 65 Math Package ROM 
RM65-0152 RM 65 Run-Time FORTH ROM 


Order No. 


Description 


АМ 65 FORTH Users Manual 

АМ 65 FORTH Reference Сага“. 2 

АМ 65 Math Package User's Manual? 
RM 65 Run-Time FORTH User's Manual? 


1. Included with A65-050. 
2. Included with A65-040. 
3. Included with RM65-0152. 


Data Sheet Order No. D87 
Rev. 1, March 1983 
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AIM 65 FORTH ROMs 


DEVELOPING FORTH PROGRAMS 


FORTH is built on subroutine-like functions, called “words.” 
These words are linked together to form a “dictionary,” which 
is the central core of the language. Writing a program in 
FORTH consists of using several predefined words to define 
each new word. Once the new word has been added to the 
system dictionary, it becomes as much a part of the language 
as any other word that has been previously defined. In this 
way new features and extensions can be added by simply 
defining one or more new words. Adding new features to 
conventional languages like BASIC or Pascal requires the 
language system to be completely reassembled or 
recompiled. 


FORTH is a stack-oriented language, and is programmed in 
Reverse Polish Notation (RPM), the notation that is used in 
Hewlett-Packard scientific calculators. Using a data stack is 
an extremely efficient way of passing variables back and 
forth between operations. A data stack eliminates the need 
to tie up memory locations with variable tables, and allows 
you to use only as much memory as you need. 


FORTH programs are developed using “top-down/bottom- 
up" techniques. That is, the programmer begins by defining 
the program in very general terms, then systematically breaks 
these definitions down into more and more detailed sub- 
modules. When the lowest levels of sub-modules have been 
defined, he starts coding, in FORTH, at those levels, working 
back up toward the top of the program, in pyramid fashion. 
Each sub-module is a stand-alone component of the pro- 
gram, and can be completely debugged without having the 
complete program in the system. This type of software 
development is difficult, if not impossible, to do with most 
other high-level languages. 


FLOATING POINT FUNCTIONS 


AIM 65 FORTH contains both a single- (16-bit) and double- 
(32-bit) precision integer arithmetic capability. In AIM 65 
applications where floating point arithmetic is desired, the 
AIM 65 Math Package may be used in conjunction with the 
FORTH ROMs. These floating point functions may be called 
using FORTH words included in the math package ROM. 
When this ROM is installed in socket Z24 on the AIM 65 
Microcomputer, the floating point math words can be auto- 
matically linked to the FORTH dictionary during FORTH 
initialization. The AIM 65 Math Package ROM can also be 
installed in either an RM 65 SBC or PROM/ROM module. 


MEMORY MAP 


Address (Hex) 


$D000-$DF FF 
$B000-$CFFF 


Contents 


Math Package Program 
FORTH Program 


$280-$2FF Terminal Input Buffer 
$25C-$27F Math Package Variables 
$200-$257 FORTH User Variables 
$AB-$C4 Math Package Variables 
$10-$AA FORTH Variables 


FORTH WORDS 


STACK MANIPULATION 


DUP 
2DUP 
DROP 
2DROP 
SWAP 
OVER 
ROT 

- DUP 
>R 


R> 

R 

PICK 
SP@ 
RP@ 
BOUNDS 
5 


DEFINING WORDS 


<name> 


VARIABLE <namd> 


CONSTANT <name> 
CODE <name> 


;CODE 
«BUILDS ... DOES> 
USER 


MEMORY 
e 


! 

се 

С! 

? 

+! 
СМОМЕ 
FILL 
ERASE 
BLANKS 


TOGGLE 


Duplicate top of stack. 

Duplicate top two stack items. 

Delete top of stack. 

Delete top two stack items. 

Exchange top two stack items. 

Copy second item to top. 

Rotate third item on top. 

Duplicate only if non-zero 

Move top item to return stack. 

Retrieve item from return stack. 

Copy top of return stack onto stack. 

Copy the nth item to top. 

Return address of stack position 

Return address of return stack pointer. 

Convert "address count" to "end- 
address start-address." 

Print contents of stack. 


Begin colon definition of <пате>. 

End colon definition. 

Create a variable <пате> with initial 
value n; returns address when 
executed. 

Create a constant «name- with value 
n; returns value when executed. 

Begin definition of assembly-language 
primitive operation спате >. 

Used to create а new defining word, 
with execution-time "code routine" for 
this data type in assembly. 

Used to create a new defining word, 
with execution-time routine for this 
data type in higher-level FORTH. 

Create à user variable. 


Fetch value addressed by top of stack. 

Store n1 at address n2. 

Fetch one byte only. 

Store one byte only. 

Print contents of address. 

Add second number on stack to 
contents of address on top. 

Move n3 bytes starting at address n1 to 
area starting at address n2. 

Put byte n3 into n2 bytes starting at 
address n1. 

Fill n2 bytes in memory with zeroes, 
beginning at address n1. 

Fill n2 bytes in memory with blanks, 
beginning at address n1. 

Mask memory with bit pattern. 


NUMERIC REPRESENTATION 


DECIMAL 
HEX 
BASE 
DIGIT 

0 


1 
2 
3 
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Set decimal base. 

Set hexadecimal base. 
Set number base. 
Convert ASCII to binary. 
The number zero. 

The number one. 

The number two. 

The number three. 


А65-050 


FORTH WORDS (CONT'D) 
ARITHMETIC AND LOGICAL 


+ Add. 

D+ Add double-precision numbers. 

= Subtract (n1 — n2) 

b Multiply. 

/ Divide (n1/n2). 

MOD Modulo (i.e., remainder from division). 

/MOD Divide, giving remainder and quotient. 

MOD Multiply, then divide (n1-n2/n3), with 
double intermediate. 

Like „МОВ, but give quotient only. 

у. Unsigned multiply leaving double 
product. 

Uf Unsigned divide. 

м Signed multiplication leaving double 
product. 

M Signed remainder and quotient from 
double dividend. 

M/MOD Unsigned divide leaving double quotient 


and remainder from double dividend 
and single divisor. 


MAX Maximum. 

MIN Minimum. 

Toc Set sign. 

D+ - Set sign of double-precision number. 

ABS Absolute value. 

DABS Absolute value of double-precision 
number. 

NEGATE Change sign. 

DNEGATE Change sign of double-precision 
number. 

S- »D Sign extend to double-precision 
number. 

1+ Increment value on top of stack by 1. 

2+ Increment value on top of stack by 2. 

1- Decrement value оп top of stack by 1. 

2- Decrement value on top of stack by 2. 

AND Logical AND (bitwise). 

OR Logical OR (bitwise) 

XOR Logical exclusive OR (bitwise). 


COMPARISON OPERATORS 


< True if n1 less than n2. 
> True if n1 greater than n2. 
- True if top two numbers are equal. 
о< True if top number negative. 
= True if top number zero. 
U< True if u1 less than u2. 
NOT Same as 0=. 


MISCELLANEOUS AND SYSTEM 


(<comment>) Begin comment (terminate by right 
parentheses on same line). 

CFA Alter PFA to CFA. 

NFA Alter PFA to NFA. 

PFA Alter NFA to PFA. 

LFA Alter PFA to LFA. 

LIMIT Top of memory. 

QUIT Clear return stack and return to 
terminal. 
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AIM 65 FORTH ROMs 


CONTROL STRUCTURES 

DO ... LOOP Set up loop, given index range. 

00... +LOOP Like ОО... LOOP, but adds stack 
value to index. 

І Place current index value оп stack. 

LEAVE Terminate loop at next LOOP or 


BEGIN ... UNTIL 


BEGIN... WHILE 


... REPEAT 
BEGIN ... AGAIN 
IF... THEN 


IF... ELSE... THEN 


END 
ENDIF 


+LOOP. 

Loop back to BEGIN until true at 
UNTIL. 

Loop while true at WHILE, REPEAT 
loops unconditionally to BEGIN. 

Unconditional loop. 

If top of stack true, execute following 
clause THEN continue; otherwise 
continue at THEN. 


If top of stack true, execute ELSE 
clause THEN continue; otherwise 
execute following clause, THEN 
continue. 

Alias for UNTIL. 

Alias for THEN. 


COMPILER-TEXT INTERPRETER 


[COMPILE] 
COMPILE 


LITERAL 
DLITERAL 


EXECUTE 

[ 

] 

DICTIONARY CONTROL 
CREATE 

FORGET 

HERE 

ALLOT 


TASK 


- FIND 
DP 


с, 


РАО 
IMMEDIATE 
INTERPRET 


LATEST 


LIT 

CLIT 
LITERAL 
SMUDGE 
STATE 


Force compilation of IMMEDIATE word. 

Compile following «name- into 
dictionary. 

Compile a number into a literal. 

Compile a double-precision number into 
a literal. 

Execute the definition on top of stack. 

Suspend compilation, enter execution. 

Resume compilation. 


Create a dictionary header. 

FORGET all definitions from <пате> 
on. 

Returns address of next unused byte in 
the dictionary. 

Leave a gap of n bytes in the 
dictionary. 

A dictionary marker. 

Find the address of <name> in the 
dictionary. 

Search dictionary for <name>. 

User variable containing the dictionary 
pointer. 

Store byte into dictionary. 

Compile а number into the dictionary. 

Pointer to temporary buffer. 

Force execution when compiling. 

The Text Interpreter executes or 
compiles. 

Leave пате field adciress (NFA) of top 
word in CURRENT. 

Place 16-bit literal on the stack. 

Place byte literal on the stack. 

Compile a 16-bit literal. 

Toggle name SMUDGE bit. 

User variable containing compilation 
state. 
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FORTH WORDS (СОМТ’О) 


USER VARIABLES 


UABORT 
UB/BUF 
UB/SCR 
пол. 
ЧЕМТ 
UFIRST 
UKEY 
ULIMIT 


MONITOR & CASSETTE 


COLD 
MON 
ITTY 
CHAIN 
CLOSE 
?IN 
?OUT 
GET 
PUT 
READ 


WRITE 


SOURCE 
FINIS 


INPUT-OUTPUT 


?TERMINAL 
KEY 

EMIT 
EXPECT 


WORD 


IN 
BAUD 
BL 
Сп. 
TIB 


QUERY 
ID. 


HANG 


OUTPUT FORMATTING 


NUMBER 


<# 


User variable for ABORT. 
User variable for B/BUF. 
User variable for B/SCR. 
User variable for C/L. 
User variable for EMIT. 
User variable for FIRST. 
User variable for KEY. 
User variable for LIMIT. 


Vo 


AIM 65 FORTH cold start. 

Exit to AIM 65 Monitor. 

Switch; true = ТТУ; false = KB 

Chain tape file. 

Close tape file. 

Set to active input device (AID). 

Set to active output device (AOD). 

Input a character trom the AID. 

Output a character to the AOD. 

Input n2 characters from AID to 
address n1. 

Output n2 characters to AOD at 
address n1. 

Compile from the AID. 

Terminate complete from SOURCE. 


Output CR to printer only. 

Carriage return. 

Type one space. 

Type n spaces. 

Output a CTRL B. 

Print text string (terminated by "). 

Dump n2 words starting at address. 

Type string of n1 characters starting at 
address n2. 

True if terminal break request present. 

Read key, put ASCII value on stack. 

Output ASCII value from stack. 

Read n1 characters from input to 
address n2. 

Read one word from input stream, until 
delimiter. 

User variable contained within TIB. 

Set BAUD rate. 

Output a SPACE character. 

Number of characters/line. 

Pointer to terminal input buffer start 
address. 

Input text from terminal. 

Print <name> from name # field 
address (nfa). 

Wait for keystroke. 


Convert string at address to double- 
precision number. 
Start output string. 
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AIM 65 FORTH ROMs 


OUTPUT FORMATTING (CONT'D) 


# 


#5 


SIGN 
#> 


HOLD 
HDL 
- TRAILING 


.LINE 
COUNT 


.В 


D. 
D.R 


DPL 
VOCABULARIES 
CONTEXT 
CURRENT 
FORTH 


ASSEMBLER 
DEFINITIONS 


VOCABULARY <name> 


VLIST 


VOC-LINK 
VIRTUAL STORAGE 
LOAD 


BLOCK 
B/BUF 


B/SCR 
BLK 


SCR 


UPDATE 
FLUSH 


EMPTY-BUFFERS 
+BUF 

BUFFER 

RW 

USE 


PREV 


FIRST 
OFFSET 


--> 
5 


Convert next digit of double-precision 
number and add character to output 
string. 

Convert all significant digits of double- 
precision number to output string. 

Insert sign of n into output string. 

Terminate output string (ready for 
TYPE). 

Insert ASCII character into output 
string. 

Hold pointer, user variable. 

Suppress trailing blanks. 

Display line of text from mass storage. 

Change length of byte string to type 
form. 

Print number on top of stack. 

Print number n1 right justified n2 
places. 

Print double-precision number n2 n2. 

Print double-precision number n2 n1 
right justified n3 places. 

Number of digits to the right of decimal 
point. 


Returns address of pointer to 
CONTEXT vocabulary. 

Returns address of pointer to 
CURRENT vocabulary. 

Main FORTH vocabulary. 

Assembler vocabulary. 

Set CURRENT vocabulary to 
CONTEXT. 

Create new vocabulary. 

Print names of all words in CONTEXT 
vocabulary. 

Most recently defined vocabulary. 


Load mass storage screen (compile or 
execute). 

Read mass storage block to memory 
address. 

System constant giving mass storage 
block size in bytes. 

Number of blocks/editing screen. 

System variable containing current 
block number. 

System variable containing current 
screen number. 

Mark last buffer accessed as updated. 

Write all updated buffers to mass 
storage. 

Erase all buffers. 

Increment buffer address. 

Fetch next memory buffer. 

User read write linkage. 

Variable containing address of next 
buffer. 

Variable containing address of latest 
buffer. 

Leaves address of first block buffer. 

User variable block offset to mass 
storage. 

Interpret next screen. 

Stop interpretation. 


А65-050 


FORTH WORDS (CONT’D) 


PRIMITIVES 


OBRANCH 
BRANCH 
ENCLOSE 
Ro 

$0 

АР! 

SP! 

NEXT 


MATH PACKAGE FORTH WORDS (A65-040)* 


Run-time conditional branch. 

Run-time unconditional branch. 

Text scanning primitive used by WORD. 
Location of Return Stack 

Location of Parameter Stack. 

Initialize Return Stack. 

Initialize Parameter Stack. 

The FORTH virtual machine. 


SECURITY 
ІСӘР 


?СОМР 
?CSP 
?ERROR 
?ЕХЕС 
?PAIRS 
?STACK 
ABORT 
ERROR 


MESSAGE 
WARNING 
FENCE 
WIDTH 


AIM 65 FORTH ROMs 


Store stack position in check stack 
pointer. 

Error if not compiling. 

Check stack position. 

Output error message 

Not executing error. 

Conditional not paired error. 

Stack out of bounds e'ror. 

Error; operation terminates. 

Execute error notificat on and restart 
system. 

Displays message. 

Pointer to message routine. 

Prevents forgetting below this point. 

Controls significant characters of 
<name>. 


FLOATING POINT ARITHMETIC 


F+ 
F- 
ғ 
F/ 


Adds two floating point numbers. 
Subtracts one floating point number 
from another floating point number. 
Muttiplies two floating point numbers. 
Divides one floating point number by 
another floating point number. 


UTILITY, SIGN AND COMPARISONS 


FABS 


INT 


SGN 


FSIGN 


FCOMP 


POLYNOMIAL 
POLY 


POLYODD 


Takes the absolute value of a floating 
point number. 

Truncates a floating point number to an 
integer. 
Converts the sign of a floating point 
number to a floating point number. 
Gets a value corresponding to the sign 
of a floating point number. 

Сотрагз5 the value of a compacted 
number in memory to a floating point 
number. 


Evaluates a polynomial with 
consecutive exponents. 

Evaiuates a polynomial with odd 
exponents. 


EXPONENTIAL AND LOGARITHMIC 


SQR 


LOG 


LN 


Takes the square root of a floating point 
number. 

Raises one floating point number to the 
power of another floating point 
number. 

Raises the transcendental number e to 
the power of a floating point number. 

Computes the logarithm to the base 10 
(i.e., common log) of a floating point 
number 

Computes the logarithm to the base e 
(i.e., natural iog) of a floating point 
number 


"Requires AIM 65 FORTH or RM 65 FORTH be resident. 
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USER VARIABLE 
MIN-WIDTH 


DEC-LENGTH 


Specifies the minimurr fieid width to be 
output. 

Specifies the number of places to the 
right of the decimal point to be 
output. 


ASCIUFLOATING POINT CONVERSIONS 


FIN 


FOUT 


Converts a number in memory from 
ASCII tc floating po nt format. 

Converts а number Кот floating point 
to ASCII. 


FORMAT CONVERSION AND DATA MOVING 


М-Е 


FM 


Unpacks the compacted number in 
memory to floating point. 

Packs the floating point number to 
compacted format and stores the 
result in memory. 

Unpacks the floating point number in 
memory. 

Converts an integer to floating point 
format. 

Converts an integer to floating point 
format. 

Converts a number frem floating point 
to an integer. 


TRIGONOMETRIC AND UNITS CONVERSION 


SIN 


cos 


ARCTAN 
DEGREES 


RADIANS 


Calculates the sine of a floating point 
number (in radians) 

Calculates the cosine of a floating point 
number (in radians) 

Calculates the tangent of a floating 
point number (in radians). 

Calculates the arc tangent of a floating 
point number. 

Converts a floating poit number from 
radians to degrees. 

Converts a floating point number from 
degrees to radians. 
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FORTH LANGUAGE 


FORTH is a unique programming language well suited to a 
variety of applications. Originally developed for real-time control 
applications, FORTH has features that make it ideal for machine 
and process control, energy management, data acquisition, 
automatic testing, robotics and other input/output intensive 
applications where assembly language was previously consid- 
ered to be the only possible language choice. 


FORTH actually provides the best of two worlds. It has the 
looping and branching constructs of high-level languages (DO 
... LOOP, BEGIN ... END, IF ... THEN and ЇР... ELSE 
... THEN) and the code efficiency of machine and assembly 
languages. FORTH allows programmers to specify addresses, 
operands and data in hexadecimal, octal, binary or any other 
number base from two to 40—a distinct advantage over lan- 
guages like BASIC, where all information must be in decimal. 


FORTH TARGET COMPILER 


The FORTH Target Compiler generates object code from 
application programs written in FORTH. The object code is a 
compiled composite of the user's application vocabulary and 
those portions of the Target Compiler nucleus necessary to sup- 
port the application vocabulary. The disk-based FORTH Target 
Compiler operates on the АМ 65 Microcomputer in conjunction 
with the AIM 65 FORTH interpreter ROMs, the RM 65 Floppy 
Disk Controller (FDC) module and the AIM 65 DOS 1.0 firmware. 


The compiled object code, located at a user-specified origin with 
optional auto-start vectors, will execute in any 6502 CPU-based 
microcomputer system supporting the runtime nucleus memory 
map requirements. Application programs can also be developed 
to run on AIM 65 or RM 65 SBC module-based systems with 
supporting RM 65 memory and input/output modules, e.g., 
Analog Input/Output, IEEE-488 Interface, and Multi-function 
Peripheral Interface Linkage to RM 65 Floppy Disk Controller, 
САТ Controller, and IEEE-488 module as well as the АМ 65 
Math Package, firmware can also be included for expanded 
application systems. 


A65-052 
AIM 65 Microcomputer Family 


A65-052 


AIM 65 FORTH TARGET COMPILER 


FEATURES 

Fully compatible with FORTH programs developed with AIM 
65 or АМ 65/40 FORTH Interpreter ROMs 
Disk-based compiler operation with vocabulary overlays for 
-— Text Editing 

—Disk Interfacing 

—Serial Input/Output 

— Compiling 

— Special Utilities 

Easy compiler operation 

—Load screen direction 

—Compile tracing (mapping) 

—Compiles to RAM and/or disk 

e Includes 6502 Macro Assembler with 

— Forward references 

— Symbolic labels 

— Relative branches 

Efficient object code generation 
—ROMable object code 

— Standalone operation 

— Minimum runtime nucleus 

-—Optimized FORTH compiled vocabulary 
—АМ 65 autostart capability 

— User-specified origin 

Flexible target computer installation 


— System independent (runs оп апу 6502 CPU-based system 
with minimal runtime memory map requirements) 


ORDERING INFORMATION 


Description 


AIM 65 FORTH Target Compiler 
АМ 65 FORTH Interpreter ROMs“? 
AIM 65 DOS 1.0 НОМ“! 

AIM 65/40 Math Package НОМ“: 


AIM 65-052 
AIM 65-050 
AIM 65-090 
AIM 65-040 


Order No. 


Description 


АМ 65 and АМ 65/40 FORTH Target 
Compiler User's Manual??? 

АМ 65 FORTH User's Manual"? 

AIM 65 Math Package User's Manual’ 


Notes: 

(1) Required for FORTH Target Compiler operation. 
(2) Requires RM65-5101NE FDC module. 

(3) Included with A65-052. 

(4) Included with A65-050. 

(5) Included with А65-040. 

(6) Optional. 
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А65-052 
DEVELOPING FORTH PROGRAMS 


FORTH is built on subroutine-like functions, called "words." 
These words are linked together to form a "dictionary," which 
is the central core of the language. Writing a program in FORTH 
consists of using the dictionary words to define each new word. 
Once the new word has been defined it is added to the system 
dictionary and it becomes as much a part of the language as 
any other word that has been previously defined. in this way 
new features and extensions can be added by simply defining 
one or more new words. 


FORTH is а stack-oriented language, and is programmed in 
Reverse Polish Notation (RPN), the notation that is used in 
Hewlett-Packard scientific calculators. A data stack is an 
extremely efficient way of passing variables back and forth 
between operations and eliminates the need to tie up memory 
locations with variable tables. 


FORTH programs are developed using "top-down/bottom-up" 
techniques. That is, the programmer begins by defining the pro- 
gram in very general terms, then systematically breaks these 
definitions down into more and more detailed submodules. When 
the lowest levels of sub-modules have been defined, FORTH 
coding begins at those levels, working back up toward the top 
of the program, in pyramid fashion. Each sub-module is a stand- 
alone component of the program, and can be debugged without 
having the complete program in the system. The interactive 
nature of FORTH supports this time efficient development 
technique. 


п most time-critical applications, at least part of the program 
must be written in assembly languages. FORTH has a built-in 
6502 macro assembier, and allows assembly language coding 
at almost any point in your program, without separate assembly 
and load steps or special machine level linkage. FORTH pro- 
grams typically run up to ten times faster than other interpretive 
languages, and can even approach the speed of machine lan- 
guage programs for some applications. 


The application program is developed, debugged and integrated 
with the user interface using the ROM-based FORTH Inter- 
preter. After program validation, the application is compiled into 
stand-alone object code with опу required portions of the Target 
Nucleus. The compiled byte count will generally be less than 
the separate application/interpreter byte count. 


AIM 65 FORTH Target Compiler 


FORTH TARGET COMPILER OPERATION 


The disk-based, two-pass, FORTH Target Compiler com- 
piles object code in one of two modes: BIG.COMPILE or 
QUICK.COMPILE. The QUICK.COMPILE. mode compiles the 
entire object code directly to RAM then saves the compiled code 
on disk. The BIG.COMPILE mode compiles to 1K-byte buffer 
areas in RAM. When the buffer is fuli, the buffer contents 
are transferred to disk then compilation continues. The 
BIG.COMPILE mode optimizes object code RAM requirements 
although it compiles slower than the QUICK.COMPILE mode. 


Operation of the compiler is directed by one or more LOAD 
SCREENS. This technique provides the user with complete 
control of compiler variables, origin statements, cold start vec- 
tors and utility routines. The LOAD-SCREEN(s) then specify 
which user screens to compile and in what order. 


FLOATING POINT OPERATION 


The FORTH Target Compiler provides both singie-precision 
(16-bit) and double-precision (32-bit) single integer arithmetic 
functions. If floating point arithmetic is desired, code words can 
easily be defined within the application program to link to external 
floating point subroutines. The AIM 65 Math Package ROM, 
located at address $8000-$8FFF, can be installed in the appli- 
cation system. Alternatively, user-defined floating point func- 
tions may be linked to or even provided within the code 
definitions. 


SYSTEM REQUIREMENTS 


The AIM 65 FORTH Target Compiler operates in an AIM 65 
Microcomputer in conjunction with an RM 65 32K Dynamic RAM 
module and an RM 65 FDC module with an AIM 65 DOS 1.0 
ROM installed on the РОС module. The following table lists two 
configurations of AIM 65/40 and RM 65 hardware and firmware 
which may be used. Other configurations can be easily com- 
posed depending on the users development and application 
requirements. 


Required 
Peripherals 
Firmware 


Host Computer 


A65-450 A65-550 
AIM 65 Microcomputer AIM 65 Microcomputer 
with 4K RAM System with 4K RAM 


and FORTH ROMs and FORTH ROMs 


RM65-7104E RM 65 Adapter/Buffer for АМ 65, or 

ВМ65-7116Е RM 65 Cable Adapter/Buffer for АМ 65 | 

RM65-7004E RM 65 4-Slot Card Саде 

RM65-3132E RM 65 32K Dynamic RAM Module 

RM65-5101NE RM 65 Floppy Disk Controller (FDC) Module (without ROM) 
A65-090 AIM 65 DOS 1.0 ROM 

A65-050 AIM 65 FORTH ROMs 

A65-040 AIM 65 Math Package ROM 


хххх X 


(1) 
Optional 


(1) 
Орйопа! 


Мое: 

Х = Required м addition to host computer. 
1. Included in host computer. 

2. Remote to AIM 65 enclosure. 
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А65-052 
FORTH WORDS (Continued) 


AIM 65 FORTH Target Compiler 


STRING ORIENTED COMMANDS 


EDITOR VOCABULARY OVERLAY D Finds the text, deletes it and shows the line. 
F Finds the text, positions the cursor at the end 
BUFFERS of the text string and shows the line. 
INSERT-BUF An 80-byte buffer beginning at PAD + 80. І Inserts the contents of INSERT-BUF into line. 
FIND-BUF An 80-byte buffer beginning at PAD + 160. MATCH Searches the memory space beginning at 
ADDR2 for CNT2 for a match of the data 
LINE ORIENTED COMMANDS: beginning at ADDR1 for CNT1. If no match is 
found, sets f=1 and ADDR3-ADDR1 + 
K Swaps th Р А 
RE ee and CNT1. Ifa match is found, sets f=0 and 
| ADDR3=address of the next byte after the 
LINE On current screen, returns the RAM address matching string. 
f th inni f i 5 
спе beginning of the ling (F) Locates the text in the buffer. 
M Re - i i 
Е Е me line# in block # #LAG Returns the address of the character following 
' the cursor and then counts to the line end. 
NEW inni i i 
Beginning at line #, cleats: each line and *LEAD Returns the address of the character 
allows a NEW line to be typed in. Input is я 
: А preceding the cursor апа the count to the 
terminated by a null line entry (CR CR). Am h 
а beginning of the line. 
Clears remaining lines on the current screen. 
Р Copies text into the INSERT-BUF and the SCREEN COMMANDS 
current line until the delimiter (CR) is В Moves to last block. 
encountered. 
L Lists current screen. 
TILE Beginning at the current cursor address, 
deletes text unTILL the end of the matching N Moves to next block. 
text string is encountered. The text is held in 
FIND-BUF. TOP Moves cursor to the top line of the text. 
T Moves cursor to beginning of lines in current WIPE Clears the entire screen. 
Screen. Shows the line. 
MISCELLANEOUS COMMANDS 
U д 2 J ; 
Copies text into the INSERT-BUF and the line BUF-MOVE Move non-null contents of PAD to ADDR. 
on the current screen under the cursor. 
з TS E Erases the string in front of the cursor for a 
X Copies the current line into INSERT-BUF. 2246 
Then deletes the line and scrolls the screen lengthvequal-to: tevetring in FIND- BUFE: 
ар The; last, erence a та R Replaces string identified by FIND-BUFF with 
>LINE# Returns the current cursor line #. TEXT: 
т р бег 5 Beginning at current screen and continuing 
(DELETE) Referring to the current cursor position, through screen #n, searches for a string 
deletes n preceding characters and calls match to TEXT and displays matches. 
UPDATE. 9 рау : 
(HOLD) Copies the referenced line number into CURSOR: COMMANDS 
INSERT-BUF and UPDATE. R# Returns the cursor position (n). 
(KILL) Blanks line# and UPDATE. #LOCATE Returns byte position of cursor and line 
number. 
(PUT) Replaces the current line with contents of 
INSERT-BUF. >> Adds п to cursor position and displays line. 
? Prints the current line with the cursor at TEXT Takes text from input stream until DLIMiter 
Current cursor position and the line number at character is encountered (65 characters 
the end of the line. maximum). Moves text to PAD and fills to 65 
characters with blanks ($20). 
1LINE Searches the current line after cursor position 
for a match to contents of FIND-BUF. USE Displays CHAR as the cursor. 
Repositions cursor to it if a match is found and 
Sets f=1. If no match is found, sets #=0 and WHERE Displays where an error in LOADing occurred. 


positions the cursor to the next line. 
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Also shows context and current. 
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FORTH WORDS 


GENERAL PURPOSE VOCABULARY 


The following FORTH words are provided in addition to those 
provided in the A65-050 FORTH Interpreter ROMs (refer to Data 


Sheet Order No. D87). 


ABORT” 


ASCII 


COMBINE 


COMPILING 
DISKING 
EDITOR 


EXTERNAL 


FALSE 
H. 
HI 
IFEND 


IFTRUE 


INTERNAL 
LO 
LOADER 


MODULE 


OFF 


UNRAVEL 


Prints TEXT if a run-time error occurs. 
During compile time, places a CLIT and the 
literal value of CHAR in the dictionary. In 
immediate mode, returns the АЗС! value on 
the stack. 


Combines low byte of | and high byte of h to 
form n. 


Activates the Compiler Vocabulary Overlay. 
Activates the Disk Vocabulary Overlay. 
Activates the Editor Overlay. 


Execution only. NFA of next word to be 
defined. 


Returns a false flag. 

Prints n as an unsigned hexadecimal value. 
Returns the high byte of n. 

Marks a place. 


Compiles the following input if f=1, otherwise 
Skips. 


Returns the NFA of the latest word defined. 
Returns the low byte of n. 
Creates word NAME that loads screen no. n. 


Execution only. Places NFA1 into LFA of 
NFA2. 


Stores a 0 in ADDR. 
Stores a 1 in ADDR. 


Rotates the nth number to the top of the 
Stack. 


n- RAM space left. 

Places value n in variable or constant NAME. 
Returns low and high byte of n. 

Performs sequential LOAD's beginning at 
Screen no. n and continuing through screen 
no. n. 

Returns a true flag. 


Outputs n as a double-precision number. 


Back traces the return stack. 


AIM 65 FORTH Target Compiler 


YIN? 


2ROT 


2 


20VER 


25МАР 


li 
di 


-TEXT 


?DEF 


?RANGE 


?URANGE 


Asks the question YES? о’ NO?, depending 
on f, = 1 or 0. Returns f, as true or false 
depending on input match to |. 

Rotates double-precision r umbers d,, dz, аҙ. 
Returns d, = d, * d. 

Double-precision OVER. 

Double-precision SWAP. 


Execution only. Creates a constant NAME with 
value n. 


Compares strings at ADDR1 and ADDR2 for n 
bytes. Returns f=1 if same. 


IF NAME is defined, returrs f=1. 
Returns f=1 if n2<n1<n3 for signed numbers. 


Returns f=1 if u2«u1«uG for unsigned 
numbers. 


DISK VOCABULARY OVERLAY 


BACKUP 


BLOCKS 


COPY 


DOWN 


MASSACRE 


SCREENS 


SLATE 


SWEEP 


UP 


VERIFY 


VOLUME 


?WRONG 


Copies all of drive 0 to drive 1. 


Copies block b1 through bt +n to block b2 
through b2+n. 


Copies block b1 to block b2. 


Beginning at block b and continuing for n 
blocks, copies from drive 1 to drive 0. 


Clears n blocks beginning at block b, DRO. 


Copies screens S1 through $1+п to screens 
S2 through 52--п. 


WRITES blanks ($20) to block b relative to 
DRIVE 0. 


READS blocks b through b--n searching for 
disk errors. 


Beginning at block b, copies n blocks from 
drive 0 to drive 1. 


Compares blocks beginning at b1 to those 
beginning at 62 for n blocks and displays 
errors. 


Returns the block number of the block 0 of 
drive 2 relative to drive 0. 


If b1 = 62, then sets f=1, else sets f=0. 
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FORTH WORDS (Continued) 


TARGET COMPILER VOCABULARY 


OVERLAY 


LISTS 

SYMBOLS Defines names in the object code. 
LOCALS Defines words at compile time only. 
MAGICS Immediate words. 


SWITCHES & FLAG WORDS (directives active during compile) 


ON Changes switch state to ON. 

OFF Changes switch state to OFF. 

MAPPING Prints or displays the name and CFA of each 
WORD when created. 

GAG Suppresses most non-fatal error messages. 


AUTO.FORWARD 


Automatic forward reference for undefined 
words. 


NUME RIC Values must be preceded by a valid decimal 
character to be a valid number. 
ROMABLE Generates read-only code. 


CONTROL WORDS 


FORWARD Forces forward reference of the name 
immediately following. 

WIDE Name field length (headerless code). 

SET Changes the value of FORTH user constants. 

WINDOW.LO Defines the Target address space boundaries. 

WINDOW.HI 

DESTINATION Defines the target buffer block number. 

RAM.LO Identifies nucleus RAM boundaries. Extends 

RAM.HI from RAM.LO for USER.SIZE bytes. 

USER.SIZE Number of bytes reserved beginning at 
RAM.LO. RAM between RAM.LO + 
USER.SIZE and ВАМ.Н! is used for work 
buffers (PAD, etc.) when ROMABLE flag is 
set. 

ORIGIN Compiler's target dictionary. 


FAST.COMPILE 


Target space will be RAM only, based on 
WINDOW.LO and WINDOW.Hl. 


BIG.COMPILE Target space maybe virtual data space on 
disk. 
CLEAR.TARGET Fills the target area with zeros. 


READY 


START 


DEFINING WORDS 


LABEL 


VARIABLE 


BYTES 

RAM 

BCC, BCS, BNE, 
ВЕС, BPL, BMI, 
BVC, BVS, 


MAGIC WORDS 
DLITERAL 


ASCII 


DOES> 


СОВЕ 


LOCATE 


REVEAL 


HIDE 


Initializes internal variables to their default 
уаше. 


Begins the compilation. Everything following 


this command will be interpreted or compiled 
in the simulated target machine environment. 


Generates an equate type statement. 


For use in assembly language to provide 
flexibility and allow code sharing. 


Е ROMABLE is true, VARIABLE becomes а 
USER variable, otherwise variable is identical 
to ROM-based FORTH. 

Sets aside bytes in RAM area (like ALLOT). 


Equivalent to ROM command HERE. Returns 
current RAM address. 


Relative branch opcodes for assembly 
operation. 


Compiles a double number in line. 
Compiles CLIT of following ASCII character. 
Immediate word to separate «BUILDS 


DOES» into TARGET NUCLEUS and Target 
Compiler. 


Identical to CODE but also sets a pointer for 
LOCATE. 


Informs the compiler where the execution time 
CODE is located. 


Similar to SMUDGE. 


Sets the SMUDGE bit on the last target word. 


PASCAL LANGUAGE 


Pascal is a powerful high-level computer programming lan- 
guage originaily designed for educational purposes. Developed 
by Niklaus Wirth of the ETH Technical institute of Zurich in 1971, 
Pascal has gained acceptance worldwide as the standard tan- 
guage to teach computer programming. The rich variety of 
Pascal language features allows a wide range of data structures 
to be specified and complex algorithms to be implemented. Pro- 
gramming in Pascal using structured programming techniques 
produces programs that are easy to write, understand and main- 
tain. The widespread teaching of the language coupled with the 
increased productivity of the programmer and the improved 
reliability of compiler generated code is causing Pascal to be 
increasingly adopted in industrial and scientific applications as 
well as in the classroom. 


PRODUCT OVERVIEW 


АМ 65 instant Pascal'" is a unique implementation of the 
Pascal language which combines the immediacy of ROM-based 
software, interactive source code entry and debug facilities, on- 
board AIM 65 printer and display peripherals and low-cost 
expansion memory, to provide a complete Pascal education, 
deveiopment and application system. The language is a major 
Subset of Standard Pascal (defined by K. Jensen and N. Wirth 
in their book, "Pascal User Manual and Report") incorporating 
all of the simple and structured statements, and the most widely 
used simple and structured data types. Extensions to the lan- 
guage permit direct control in Pascal of the АМ 65 Microcom- 
puter memory-mapped ИО and allow interfacing to machine- 
language programs developed with the AIM 65 Assembler. 


instant Pascal incorporates facilities to write and debug pro- 
grams entirely at the source language level. These facilities 
include source-ievel editor, breakpoint, and trace— pius imme- 
diate source statement execution for examination and modifi- 
cation of data. Source statements are translated immediately 
upon entry into an intermediate language which is interpretively 
executed. 


The 20K-byte AIM 65 instant Pascal software comes in a five- 
ROM set. One ROM plugs into АМ 65 Master Module socket 
224 while the other four ROMs plug into an ВМ 65 16K-byte 
PROM/ROM (RM65-3216E) module. 


тм instant Pascal is a trademark of Melvin E. Conway. 


Document No. 29001D07 
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A65-060 
AIM 65 Microcomputer Family 


A65-060 


FEATURES 


AIM 65 Microcomputer host and target 
Substantial subset of Standard Pascal (Jensen and Wirth) 
ROM resident for immediate operation 
Direct control of memory mapped ИО 
Machine language interface linkage 
Source code editor 
— Position text pointer 
— Find character string 
—List, delete, insert statement 
—View statement 
Flexible program control 
— Check syntax for coding errors without executing program 
— Execute one statement to allow examination and 
modification of data 
— Execute entire program 
е Source level debugging facilities 
—Breakpoint 
— Assignment trace lists values as they are changed 
— Statement trace lists statements as they are executed 
e Device Source /O 
—lInput source code from specified device 
—Output source code to specified device 


MEMORY MAP 


Address (Hex) 


| $B000-$ BFFF 
$4000-$7FFF 


Contents 


Pascal Program 
Pascal Program 


$FC3-$FFF Translator input area (default value) 
$ED2-$FC2 Translator output area (default value) 
$300 up Execution stack (defaul: value) 
$FC-$FF Pascal Variables 

$06-$B4 Pascal Variables 


ORDERING INFORMATION 


Part No. Description 

A65-060 AIM 65 Instant Pascal ROMs 

Order No. Description 

279 АМ 65 Instant Pascal Users Manual" 
Note: у 


|. "Included with A65-060. 


Data Sheet Order No. D107 
March 1983 


Аб5-060 АМ 65 Instant Pascal ROMs 


INSTANT PASCAL EXTENSIONS TO STANDARD PASCAL 


—Variables, both simple and structured, may be given absolute memory addresses. This permits Pascal programming of memory- 
mapped I/O and linkage to machine-language subroutines. 

—The OTHERWISE: default clause is implemented in the CASE statement. Identifiers may have any length; the entire identifier is 
significant. 

—Data of type STRING may have lengths which vary dynamically up to the declared maximum length. The type S:STRING[C] is 
implemented as S:ARRAY[O . . C] OF CHAR, where 5101 is the value of the dynamic length. (C is a constant less than 256.) 

— The predefined procedure BREAK causes interruption of program execution, if it is enabled. 

—The predefined procedure SUBR(ENTRANCE) calls the machine-language subroutine whose entrance address is the declared 
address of the absolute variable ENTRANCE. The variant SUBR(ENTRANCE, DATA) places the address of the Pascal variable DATA 
in page 0 before giving control to the subroutine. 

— The predefined functions FUNC(ENTRANCE) and FUNC(ENTRANCE, DATA) are the same as SUBR; in addition they retum a CHAR- 
type value which the subroutine leaves in A. 


STANDARD PASCAL FEATURES NOT IMPLEMENTED IN INSTANT PASCAL 


—Files and their associated predefined procedures and variables (GET, PUT, RESET, REWRITE, EOLN, EOF) are not implemented. 
The predefined procedures READ, READLN, WRITE, WRITELN are implemented to interface with all character-serial devices avail- 
able to the AIM 65 Monitor, including user-defined devices. The following types may be read and written: char, integer, real, Boolean 
(Y or N on input), variable-length string. 

— Set expressions are not implemented. One-byte sets (with up to eight elements) and the relational operator IN are implemented; these 
permit Pascal-level testing of /О device status. 

—Records are implemented, but record variants are not. 

—Dynamic storage allocation and the pointer type are not implemented. 

—The directive FORWARD is not implemented. 

—The constant definition identifier=identifier; is not implemented. 

—Ambiguity between field and variable names at the same block level is not supported. Other Pascal visibility rules are fully supported. 

—Packing of data is not done below the byte level. The word-symbol PACKED is accepted but ignored, and the predefined procedures 
PACK and UNPACK are not implemented. 

—Procedural and functional parameters to procedures and functions are not implemented. 

--СОТО may not jump outside its own block. 

--Тһе 60-character input line of the AIM 65 limits the length of certain constructs, in particular simple statements, procedure/function 
headings, and enumerated type lists, which may not be extended during input from one line to the next. 


A65-060 


OPERATION OF INSTANT PASCAL 


All operations in the Instant Pascal system are controlled by 
a set of single-letter commands. The system generally per- 
forms one of the following six major operations. 

1. Source input from keyboard or input device. 

2. Source output to printer or output device. 

3. Program editing: positioning the text unit pointer or deleting 


text units. 


4. Syntax checking a program. This operation is called 
automatically at the first call to execute a program after 
any change. It may also be called explicitly. 

5. Executing a program. 


AIM 65 Instant Pascal ROMs 


MEMORY EXPANSION 
CONSIDERATIONS 


About 1.5 bytes per character of source code is required to 
store an application program written in Pascal in memory due 
to the translation process. For minimum applications requiring 
less than 3.2K bytes of on-board user RAM, the PROM/ROM 
module can be connected to the AIM 65 Expansion Con- 
nector using an RM 65 Single Card Adapter. For larger 
applications, connection of an RM 65 multi-slot card cage 
through an RM 65 Adapter/Buffer module is recommended. 
One or more RM 65 RAM modules can then be added as 
required. Up to 15.2K bytes of contiguous RAM can be ded- 
icated to the application program. 


6. Executing a single statement entered by the user. 


All commands are preceded by the Instant Pascal prompt 
“+ <." The numeric parameter n in some of the commands 
has either a decimal value or one of the following two default 


values: “.” =forever; CR=1. 


INSTANT PASCAL OPERATION COMMANDS 
Text Unit Pointer Movement 


+<T> 
+<B> 
+<U>/n 
+<D>/n 
+<F>string 


Source Text Editing 
+<K>/n 
+<1> 

+< >врасе 

+<V> 


Device Source /О 


+<R>IN=device 
+<L>/nOUT =device 


Toggles 
+<§> 
+<A> 

+<E> 


Program Control 
+<C> 
+<@> 


+<,> 
+<X>statement 


Miscellaneous 
+<W> 
+<N> 
+<M> 
+<Z> 


Position to top text unit. 

Position to bottom text unit. 

Position up n text units. 

Position down n text units. 

Find the line containing the argument string. 


Delete n text units. 

Insert one line of source. 

List current text unit. 

View a neighborhood of five text units centered at the current one. 


Read lines of source until empty line. 
List n text units to the specified device. 


Toggle statement trace. 
Toggle assignment trace. 
Toggle enabling of the BREAK procedure. 


Check program syntax. 

Execute program. Starts at beginning of program unless a break is in progress. Break-in-progress status 
may be cancelled with the C command or by changing the program. 

Execute and trace until the start of the next statement and return with break-in-progress status set. 


Immediately execute the statement. Identifier visibility is defined by the position of the text unit pointer in 
the program. 


Redefine page width. The default value of 20 may be changed if a terminal is attached to the АМ 65. 
Initialize to empty program. 

Report number cf free memory bytes. 

Cold start. 
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AIM 65 DISK OPERATING SYSTEM 


VERSION 1.0 (DOS 1.0) ROM 


DISK OPERATING SYSTEM 


A disk operating system (DOS) provides a standard interface 
between the user and one or more floppy disk drives, floppy disk 
control (FDC) hardware and executive-level software. The DOS, 
implemented in software, allows prograrn and data files to be 
opened, closed, read and written under operator or program 
control. In an interactive environment, commands are usually 
initiated by the operator from the keyboard in response to user- 
friendly prompts displayed by the system. 


PRODUCT OVERVIEW 


The AIM 65 Disk Operating System Version 1.0 (DOS 1.0) pro- 
vides disk and file management functions for the AIM 65 Micro- 
computer in conjunction with an RM 65 Floppy Disk Controller 
(FDC) module. With this configuration, mass storage files can 
be easily manipulated when connected to one to four 574” or 8" 
floppy disk drives. DOS 1.0 functions, contained оп а 4K-byte 
ROM that plugs into the FDC module, are available immediately 
upon computer power turn-on without waiting for separate loading 
of a disk-based DOS into RAM. 


DOS 1.0 functions are operator commandable through inter- 
active AIM 65 Debug Monitor/Text Editor operation as well as 
language (assembler, compiler and/or interpreter) operation. 
Text and program source code may be written to, and read from, 
disk with the Editor List and Read commands, respectively. 
Binary data and program object code may be written to, and 
loaded from, disk using the Debug Monitor Dump and Load 
commands, respectively. Files containing source and object 
code for application programs written in AIM 65 Assembler, 
BASIC, FORTH, PL/65 and Instant Pascal languages are there- 
fore supported. In addition, utility functions format a disk, list the 
contents of the disk directory, delete a file, recover a file and 
backup a disk upon command. The DOS functions may also be 
called under program control by the application program into 
order to read and write data files. 


Disk read or write errors, both at the DOS and FDC hardware 
level, are reported upon detection. User-alterable variables allow 
changing of default values to application unique values. 


Disks formatted by AIM 65 DOS 1.0 are compatible with AIM 
65/40 DOS 1.0 and AIM 65/40 BDOS 1.0. Files written by any 
of these DOS programs may therefore be read by either 
microcomputer. 


FEATURES 


ө АМ 65 Microcomputer compatible 

• ROM resident for immediate operation 

® Installs on-board RM 65 Floppy Disk Controller (FDC) module 

e Provides mass storage of programs and data 

e Compatible with AIM 65 high level language and Assembler 

ROMs 

Disk oriented commands (format, list, backup) 

File oriented commands (list, delete, recover) 

e Input/Output commands 

— Read and write text and object code 

—Automatic file open and close 

User-alterable variables 

— Utility function and error handling vectors (before and after 
DOS functions) 

—Input/output vectors 

— VO buffer vectors 

e Extensive error detection and reporting 


MEMORY MAP 


катаа бег) 


$8F00-$8F FF RM 65 FDC Module I/O 
$8000-$8EFF DOS 1.0 Program 


$600-$7FF DOS 1.0 МО Buffer (default location) 
$500-$563 DOS 1.0 Variables 
$4A0-$4FA DOS 1.0 Variables 


$D7-$DE DOS 1.0 Variables 


ORDERING INFORMATION 


A65-090 AIM 65 DOS 1.0 ROM 
RM 65 FDC Module (without ROM 
containing primitive subroutines’) 


RM65-5101NE 


Order No. 


Notes: 


1. Describes user's instructions for АМ 65 DOS 1.0. Included 
with A65-090 and RM65-5101NE. 

2. The DOS 1.0 ROM includes primitive subroutines in addition 
to DOS functions. 


Description 
RM 65 FDC Module User's Manual” 
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PRODUCT OVERVIEW 


The A65-901 PROM Programmer and CO-ED Module is one of 
the hardware options available for the AIM 65 Microcomputer 
family. 


The A65-901 PROM Programmer and CO-ED Module programs 
1K-, 2K-, and 4K-byte PROMs that can be installed in the AIM 
65 microcomputer or ina RM 65 16K PROM/ROM Module. The 
PROM Programmer provides check, program, verify and read 
functions. 


The utility of the Module is enhanced through the included Object 
Code Editor (CO-ED). CO-ED allows you to edit object code in 
much the same way as you can edit source code for the AIM 
65 Assembler, using AIM 65’s Text Editor. With CO-ED, patches 
can be made directly in your program without having to go 
through the time-consuming process of re-assembling. 


The A65-901 PROM Programmer and CO-ED Module also sup- 
ports data load, verify and dump with offset functions. And the 
Module plugs directly into the AIM 65 Expansion Connector. 


AIM 65 PROM PROGRAMMER AND 
CO-ED MODULE 


A65-901 


AIM 65 Microcomputer Family 


A65-901 


FEATURES 


• Plugs directly onto the АМ 65 Expansion Connector 

• Programs the following 5 volt PROMs (or equivalents): 
— Intel 2758, 2716 and 2732 
— TI TMS 2508, 2516 and 2532 

• Provides programming functions to check, program, verify 
and read PROM 

• Includes utility functions to load, verify, dump, fill and invert 
memory 

* Incorporates object code editor (CO-ED) functions to control 
program pointers; search for operands, jumps/branches and 
strings; and to modify instructions with automatic address 
adjustment 

* 1Kbytes of Static RAM are included to allow single-pass pro- 
gramming of a 4K-byte PROM when used with a 4K RAM 
version of AIM 65 

* Zeroinsertion force (ZIF) socket for PROM being programmed 

e On-board DC/DC Converter allows + 5V-only operation 

* Fuily assembled, tested and warranted 


A65-901 PROM Programmer and CO-ED Module 


Document No. RMA65N17 


Data Sheet Order No. RM17 
Rev. 1, August 1983 
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AIM 65 PROM Programmer and CO-ED Module 


FUNCTIONAL DESCRIPTION 


The R6520 Peripheral Interface Adapter (PIA) is the primary 
interface device between the AIM 65 Expansion Connector and 
the 24-pin Zero Insertion Force PROM socket and control 
circuits. During PROM programming, PROM address, PROM 
data and programming control signals are transmitted to the PIA 
on the AIM 65 Expansion Connector data lines. During PROM 
check, verify and read operations, only PROM address and 
control signals are issued to the PIA from the AIM 65. 


Four PIA ЏО Lines carry the most significant address signals 
to the PROM. Eight other PIA I/O lines multiplex the PROM data 
and least significant address signals. One output line controls 
the Tri-State Data Latch. Five other PIA I/O Lines control the 
Power Switches. 


During PROM programming, PROM data is transferred to the 
tri-state Data Latch, which drives the latched data to the PROM. 
Тһе PROM address is then sent to the PROM on the eight 
multiplexed data/address lines and the four dedicated address 
lines. The Power Switches are then turned on to apply the proper 
voltage levels for the required time duration to transfer the 8-bits 
of data into one PROM location. The process is repeated until 
the specified PROM address range is fully programmed. The 
tri-state Data Buffer is disabled during programming. 


CONNECT ТО А(М-65 
EXPANSION CONNECTOR 


ADDRESS 
DECODE 


CHIP SELECT 


CLOCK AND 
CONTROL 
ADDRESS 


DATA 


*5V TO +30V 
DC/DC 
CONVERTER 


During PROM read operations, the PIA sets the address lines 
to the PROM. The tri-state Data Buffer drives the PROM data 
onto the AIM 65 Expansion Connector data lines. The Data Latch 
is disabled at this time. 


The Power Switches drive +5V or +26V onto three PROM 
socket programming lines depending on the PROM type 
selected. 


The 4K R2332 ROM contains the PROM Programmer and 
CO-ED firmware. 


1K bytes of on-board RAM are provided for use by the PROM 
Programmer and CO-ED software. The RAM is mapped from 
$1000-$13FF to provide contiguous addressing from the top of 
a 4K RAM AIM 65. 


The Address Decode circuitry generates individual chip select 
signals to the RAM, ROM, PIA and the Data Buffer. 


The PROM Programmer and CO-ED Module may be powered 
from the AIM 65 or from an external + 5V power supply. A DC/DC 
Voltage Converter generates + 30V from + 5У. The +30V is 
regulated to -- 26V for on-board use. The + 30У тау be 
connected to an external power supply to minimize current drain 
on the +5\ supply. 


DATA 
BUFFER 
(TRI-STATE) 


DATA 8 
(TRISTATE) 


POWER 
SWITCHES 


+26V 
VOLTAGE 
REGULATOR 


A65-901 PROM Programmer and CO-ED Module Block Diagram 


7-43 


A65-901 AIM 65 PROM Programmer and CO-ED Module 


AIM 65 Expansion Connector Pin Assignments 


Top (Component Side) Bottom (Solder Side) 
Signal при | Signal | Input/ 
Mnemonic Signal Name Output Pin П Pin Mnemonic Signal Name Output 
mc E aH = z 
SYNC *Sync о 1 А AO Address Bit O ] 
вру *Ready l 2 8 Al Address Bit 1 І 
фл "Phase 1 Clock о 3 c A2 Address Bit 2 ] 
та ‘Interrupt Request ) 4 D A3 Address Bit 3 ! 
50 | ‘Set Overflow і 5 Е А4 Address Ви 4 ] 
NMI *Non-Maskable interrupt р 6 Е АБ Address Ви 5 | 
RES Reset | та -H Аб Address Ви 6 ! 
D7 Data Bit 7 UO в || 4 A? Address Bit 7 П 
06 Data Bit 6 UO 9 K АВ Address Bit 8 | 
05 Data Bit 5 UD 10 L A9 Address Bit 9 1 
D4 Data Bit 4 о 11 м А10 Address Bit 10 р 
D3 Data Bit 3 “о 12 N A11 Address Bit 11 і 
02 Data Bit 2 UO 13 Р А12 Address Ви 12 р 
D1 Data Bit 1 Uo 14 R A13 Address Bit 13 н 
ро Data Ви 0 и 15 5 А14 Address Ви 14 р 
-12V 5-42 мас 16 T A15 Address Bit 15 1 
312v *£12Vdc 17 uU SYS ф2 System Phase 2 Clock о 
558 Chip Select 8 о 18 У SYS НАМ System Read/Write о 
559 Chip Select 9 о 18 | м RAV Read/Write "Мог" о 
CSA *Chip Select A D 20 | x TEST Test о 
+5М +5 Мас 21 У $2 Phase 2 Clock "Not" о 
GND Ground 22 2 ВАМ RAN. RAM Read/Write о 
Н 


МОТЕ 


Not used on this module 


PROM Programmer Commands 


Category Command f Function 
ЕМТНҮ/ЕХІТ Fl | ENTER PROM PRDGRAMMER 
F2 | RE-ENTER PROM PROGRAMMER 
ESC | | ESCAPE TO MDNITOR 
BASE ADDRESS B PRDM BASE ADDRESS 
о ВАМ BASE ADDRESS 
PROM с | CHECK PROM 
Р PROGRAM PROM 
V VERIFY PRDM 
R READ PROM 
Srp н ЕВЕ ees Poet ИЕН. Mae 24. был 36 
МЕМОВУ L |22 LOAD MEMDRY 
a i VERIFY MEMDR Y 
D | DUMP MEMORY 
M | ЕНІ MEMORY 
| | INVERT MEMORY 
RECDRDER CDNTRDL 1 | TOGGLE RECDRDER CDNTRDL LINE 1 ON/OFF 
2 | TOGGLE RECDRDER CDNTRD. LINE 2 DN/OFF 


CO-ED Commands 


Category Command Function ] 
Dal 5 E ЕНЕ mee -4 

ENTRY/EXIT F3 ENTER CO-ED 

i EXIT CD-ED 

ESC ESCAPE TD MONITOR 


LOCATE PROGRAM 
MOVE TO TDP OF PROGRAM 
MOVE TD BDTTOM OF PROGRAM 
MOVE UP DNE INSTRUCTIDN 
MDVE DOWN ONE INSTRUCTIDN 
GO TO ADDRESS 
EXCHANGE PDINTERS 


SEARCH FIND AN DPERAND 
FIND JUMPS AND BRANCHES 


| FIND A STRING 


INSERT AN INSTRUCTIDN 
STRIKEOUT AN INSTRUCTION 
ADJUST INSTRUCTION BLOCK 
CHANGE INSTRUCTION 

MOVE INSTRUCTiDON/DATA BLOCK 
RELDCATE 


оө-тіхоосо-в 


PRDGRAM MDDIFICATIDN 


пгоре- 


UTILITY 


FILL MEMORY 
DISASSEMBLE MEMORY 


х 
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А65-901 АМ 65 PROM Programmer and CO-ED Module 


SPECIFICATIONS 


Parameter 


Dimensions 
Width 

Length 

Height 


4.4 іп. (111 тт) 
6.3 in. (160 mm) 
0.75 in. (19 mm) 


5.3 ox. (150 g) 


0°C to 70°C 
-40°C to 85°C 
0% to 85% (without condensation) 


Weight 


Environment 
Operating Temperature 
Storage Temperature 
Relative Humidity 


Power Requirements 
With DC/DC Converter 


+5V +5%, 1.1А (5.5 МУ) — Maximum 
+5V +5%, 0.75 А (3.75 W)— Maximum 
+30V +5%, 0.04А (1.2 W) — Maximum 


Without DC/DC Converter 


LL 
Memory Map 
User RAM $1000 — $13FF 
Vo $8800 — $8FFF 
ROM $9000 — $9FFF 
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PRODUCT OVERVIEW 


The A65-905 Memory Cartridge is one of the hardware options 
available for the AIM 65 Microcomputer family. 


Many applications of AIM 65 microcomputers, particularly in test 
equipment, instrumentation, monitors, analyzers or controllers, 
require that the resident application software or fixed parametric 
data be changed periodically. This may occur because the item 
under test or being controlled has been changed, or parameter 
values have been revised. For OEM installations, the change 
may be required to customize the system for different customers. 


The AIM 65 Memory Cartridge system is an economical and 
convenient method for expanding the memory of an AIM 65 
microcomputer. The cartridges are designed for use with the 
Rockwell packaged 500 Series of desktop microcomputers, but 
may also be used with any AIM 65 board-level microcomputer. 
A Buffer Module connects to the AIM 65 Master Module, buffers 
the expansion bus signals, and provides a covered host recep- 
{асе for a Memory Cartridge. In addition to expanded RAM and 
provisions for user application PROM firmware, a variety of pre- 
configured AIM 65 high level languages, assembler and math 
package routines are available in plug-in Memory Cartridge 
form. These language cartridges permit the user to program 
different applications in different languages. Unpopulated RAM 
and PROM/ROM cartridges are also available for complete user 
flexibility. 


The Buffer Module fits under the AIM 65 Master Module and 
fastens securely to the Rockwell AIM 65 Enclosure. Rugged 
injection molded plastic covers for both the Buffer Module and 
the Memory Cartridge complement the AIM 65 Enclosure in 
color, texture and sturdiness. A Memory Cartridge plugs verti- 
cally into the Buffer Module immediately behind the microcom- 
puter enclosure to require a minimum of area in desktop 
applications. A recessed label area on the Memory Cartridge 
cover allows configuration information to be neatly added in an 
area visible to the operator. Address decoding required by the 
different cartridges is accomplished automatically without user 
intervention. 


A 16K Battery Backed CMOS RAM Cartridge retains program 
and data in memory when the AIM 65 Microcomputer power is 
turned off. Critical information can thus be preserved during AC 
power transients or outages and during normal turn-off cycles. 


Document No. 29000D98 


AIM 65 MEMORY CARTRIDGE 


A65-905 


AIM 65 Microcomputer Family 


A65-905 


FEATURES 


e Preconfigured Memory Cartridges 

— АМ 65 high level languages and support firmware 

— Up to 16K bytes additional RAM (volatile or non-volatile) 
—Up to 32K byte additional PROM/ROM 

— Combination RAM and PROM/ROM 

Permanent Buffer Module installation 

Convenient Memory Cartridge plug-in installation 

Use with any AIM 65 500 Series Desktop Microcomputer 
Compatible with A65-006 enclosure and power supply 
Cartridges are fully assembled, tested and warranted 


ORDERING INFORMATION 


Part No. Description 

A65-905-00 Buffer Module 

А65-905-01 BASIC Interpreter, Assembler, 8K CMOS ВАМ 
& 4K User PROM Socket 

А65-905-02 PL/65 Compiler, Assembler, 8K CMOS ВАМ & 
4K User PROM Socket 

A65-905-03 FORTH, Math Package, 8K CMOS RAM & 4K 
User PROM Socket 

A65-905-04 Instant PASCAL & 6K CMOS RAM 

А65-905-05 32K РАОМ/ВОМ (1) 

А65-905-06 16K CMOS RAM 

A65-905-07 16K CMOS RAM (unpopulated) 

A65-905-08 8K CMOS RAM & 16K PROM/ROM (1) 

А65-905-09 16K Battery Backed CMOS ВАМ 

(1) PROMs not included. 


AIM 65 Desktop Microcomputer with Memory Cartridge 


Data Sheet Order No. D98 
Rev. 2, August 1983 


А65-905 
FUNCTIONAL DESCRIPTION 


BUFFER MODULE 


The Buffer Module interfaces the AIM 65 Expansion Connector 
to a Memory Cartridge as illustrated. Non-inverting circuits 
buffer the data and address lines. Data direction is controlled 
by the BR/W signal. During a write operation, data from the AIM 
65 Master Module is directed towards the cartridge. During a 
read operation, data from the cartridge is directed towards the 
AIM 65 Master Модие. The RAM R/W signal is routed through 
the Buffer Module to the cartridge interface to control the Memory 
Cartridge device read/write operation. 


Address decoding is accomplished by a factory programmed 
256 x 4 PROM which drives a 3-to-8 decoder. An interlock 
signal (PE) ensures the PROM is enabled only when a cartridge 
is installed. Three address straps within the cartridge (51, 52, 
and 53) identify the cartridge type installed by selecting the 
appropriate address decoding section in the PROM. The five 
most significant buffered address lines address one of the 32 
bytes within the selected section. A valid address for the installed 
cartridge results in a low level signal on the most significant 
PROM output pin. This signal in turn enables both the 3-to-8 
decoder and the data transceiver. The remaining three PROM 
outputs (O1, O2, and ОЗ) provide the selection input to the 


AIM 65 Memory Cartridge 


decoder and drive the appropriate decoder output to the low 
state. The eight decoder outputs form the eight active low chip 
select signals for the cartridge. 


PROM timing is controlled by a delay circuit implemented with 
а mono-stable multivibrator. This circuit delays the turn-on of 
the address decode PROM to prevent bus contentions at the 
beginning of each cycle. 


Power for the Buffer Module is derived from the AIM 65 power 
supply through the Expansion Connector. Power for the car- 
tridge is routed through the Buffer Module. 


MEMORY CARTRIDGE 


The Memory Cartridge has eight 24-pin sockets which can 
accept 2K RAMs, 4K PROMs or 4K ROMs. In models -01, 
-02, -03, -05, and -08, sockets are available for user supplied 
PROMs. п model -07, sockets are provided for user supplied 
RAMs. 


Variations in socket functions are accomplished by routing 
selected signals through factory installed jumpers. The eight 
sockets are arranged into three groups as illustrated in the block 
diagram. All sockets in each group are configured to accept the 
same memory device type. 


CONNECTS TO CONNECTS 
АМ 65 
ЕХРАНЗЮН MEMORY 
CONNECTOR ———— CARTRIDGE 
SUFFER MOOULE 
м л 
ОАТА 
DATA TRANS- бы BUFFERED DATA 
(09-07) CEIVERS {800-В07) 
DIRECTION ENABLE 
BAW = 
ADDRESS НА ADORESS BUFFERED ADDRESS 
(А0-А15) BUFFER (BAC-BAI5) 
ENABLE 
340-6 CHIP SELECTS 
3 DECOOER 8 (651-658) 
ADORESS STRAPS 
| (51-53) 
INTERLOCK 
{РЕ} 
ГА М------------ы DELAY 
CIRCUIT 
-5V | | > +5\ 
оно | ——> GND 
RAM RAW. Lr „| RAM RW. 


Buffer Module Block Diagram 
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A65-905 
INSTALLATION 


BUFFER MODULE 


1. Before installing the Buffer Module, turn off power to the AIM 
65 Microcomputer. 


2. Align the Buffer Module Connector J1 pin 1 with the AIM 65 
Expansion Connector J3 pin 1. 


3. Carefully slide the Buffer Module under the AIM 65 Master 
Module, plugging the Buffer Module onto the Expansion 
Connector. Press in firmly on the end of the module assembly 
until all pins are securely seated. 


4. if your AIM 65 Microcomputer is installed in an AIM 65 
Enclosure, fasten the Buffer Module Assembly bottom plate 
to the base plate of the enclosure using the screws provided 
with the Buffer Module. 


MEMORY CARTRIDGE BATTERY INSTALLATION 
(А65-905-09 only) 


1, The battery is NOT factory installed. Install the battery by 
sliding it into the holder plus side (+) up. 


CONNECTS TO 
BUFFER 
MODULE 


AIM 65 Memory Cartridge 


. There is no on/off switch for the battery. Remove the battery 


to prevent draining the battery when "ће cartridge is not 
powered. 


. The battery will last six months in райегу back-up mode. 


Therefore, replace the battery after six months of use. The 
replacement battery should be either a GE or Sanyo CR2032. 


. A potentiometer in the cartridge sets the voltage threshold 


level at which the cartridge switches from Vcc mode to bat- 
tery back-up mode. The factory set levels are approximately 
+4.5 Мас for battery back-up and +4.7 Мас for Усс power. 
Adjust this potentiometer while monitoring the voltage on pin 
4 of Z9 to raise or lower these levels. When pin 4 goes high 
(about +5 Мас), the cartridge is in battery back-up. 


MEMORY CARTRIDGE 


1. 


2. 


Before installing or removing a Memory Cartridge, turn off 
power to the AIM 65 Microcomputer. 


To install the cartridge, align the cartridge with the label side 
towards the microcomputer and plug the cartridge into the 
Buffer Module receptacle (the cartridge is keyed to prevent 
improper insertion). Press down firmly on the top of the car- 
tridge until all pins are securely seated. 


MEMORY CARTRIDGE 


/ b EU REN 
BUFFERED DATA 8 y 
Џ 
(800-807) | | | | 
т 22 | on | | z4 | 
ee m On T |____ И 
SOCKET | 
SOCKET GROUP А || Grove в 
а ae etl xc 
BUFFERED ADDRESS ДИ > 
(BAO-BA10) 
25 26 | 27 i 28 
| | 
uem] рф 
1 
SOCKET GROUP C 
ER Рош Ee Ы EE 
CHIP 
a 
a PINS 24 
mes p == 1 f+» SOCKET GRDUPS A 8, & с 
INTERLOCK а = 
{PE}. JUMPERS. JUMPERS: 
27-29 30-3 
ADDRESS STRAPS -- ———| JUMPERS | 
151-53) 21-26 | 
я »- BATTERY BACKUP 
CIACLITS 
(465-905-09) 
Я 
JUMPERS Бр ——= PINS 21 
9. SOCKET GRDUPS А. В, & C 
Ч PI F 
PERS — PINS 18 
SOCKET GROUPS A, B, & C 
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Memory Cartridge Block Diagram 


A65-905 AIM 65 Memory Cartridge 


Memory Cartridge Memory Map 
Cartridge Model (A65-905-XX) 


Block | 
Starting Address -01 -03 -04 -05 


-02 _| -06 
0000 (1) L AIM 65 Master Module RAM 
—— 
8K ВАМ 8K ВАМ 8K ВАМ 6К НАМ З2К РНОМ | 16К ВАМ 16К Ванегу 
pa E 


Backed 
RAM 


t 


4K PROM | 4K PRON | 4K PROM PASCAL 


L 
АМ 65 Master Module /О 
—————| 
BASIC PLes | FORTH | PASCAL 
(2) LL 
Assembler | Assembler | Math Pack 
AIM 65 AIM 65 AIM 65 AIM 65 AIM 65 AIM 65 AIM 65 AIM 65 
Monitor Monitor Monitor Monitor Monitor Monitor Monitor Monitor 


Notes: 


(1) Master Module only. 

(2) These blocks are addressed on the AIM 65 Master Module in addition to the cartridges. Components must be removed from AIM 65 Master 
Module sockets Z24, Z25, and Z26 prior to installing the memory cartridge model -01, -02, or -03. Component must be removed from AIM 65 
Master Module socket Z26 prior to installing cartridge module -04. 

Memory Cartridge Component Summary 
5 Cartridge Model No. (A65-905-XX) 
Socket -01 -02 -08 
Battery 
User RAM and Backed 

Function BASIC PL/65 PASCAL | PROM/ROM RAM RAM PROM/ROM RAM 

Z1 Е ВАМ ВАМ РАОМ ВАМ ВАМ ВАМ ВАМ 

22 ВАМ ВАМ PROM RAM RAM RAM RAM 

23 ВАМ ААМ ВАМ ВАМ ВАМ 

24 ВАМ ВАМ R32P2-11 RAM RAM RAM 

ROM 
5 (1) (1) R32P3-11 
PROM PROM ROM 
26 Н3226-11 R3299-11 R32J1-11 R32P4-11 PROM RAM 
ROM ROM ROM ROM 
1 
27 Н3225-11 Н3298-21 R32J2-11 R32P5-11 PROM RAM 
ROM ROM ROM ROM 
Z8 R3224-11 Н3224-11 83213-11 R32P6-11 RAM PROM RAM 1 
ROM ROM ROM ROM ] 

Notes: 

1. All PROM is user provided ТІ2532 or equivalent. 

2. All RAM is Toshiba TC5516AP, Toshiba TC5516APL or Suwa Seikosha SRM2018C. 
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А65-905 l AIM 65 Memory Cartridge 


Butfer Module to AIM 65 Expansion Connector Pin Assignments 


Top (Component Side) Bottom (Solder Side) 
Signal Input/ Signal Input/ 
Pin Mnemonic Signal Name Output" Pin Mnemonic Signal Name Output" 
1 SYNC "SYNC 1 А А0 Address ВИ 0 | 
2 RDY "Реаду [5] А1 Address Bit 1 1 
3 gp "Phase 1 Clock C A2 Address Bit 2 
4 IRQ “Interrupt Request D АЗ Address Bit 3 | 
5 50. "бе! Overflow Е A4 Address Bit 4 і 
6 NMI "Non-Maskable Interrupt F AS Address Bit 5 
7 RES "Везе! H Аб Address Ви 6 
8 D7 Data Bit 7 Џој Ј А7 Address Bit 7 
9 06 Data Bit 6 Џој K АВ Address Bit 8 | 
10 05 Data Bit 5 Џој L A9 Address B:t 9 | 
11 04 Data Bit 4 Џој м А10 Address Bit 10 | 
12 03 Data Ви 3 Џој N Alt Address Bit 11 
13 D2 Data Bit 2 vO Р А12 Address Bit 12 
14 D1 Data Bit 1 Vo R A13 Address Bit 13 і 
15 ро Data Bit 0 Џој 5 А14 Address Bit 14 
16 -12У *—12 Мас Т А15 Address Bit 15 
17 +12V "+12 Мас U SYS #2 System Phase 2 Clock 
18 Cs8 "Chip Select 8 у SYS НАМ | ‘System Read/Write 
19 CSS *Chip Select 9 м RW Read/Write "Not" | 
20 CSA “Chip Select А x TEST ‘Test 
21 +5V +5 Vde Y (2 Phase 2 Clock “Not” Џ 
22 GND Ground 2 ВАМ ВАМ RAM Read/Write і 
Note: 
* = Not used on this module. 


** = With respect to the Buffer Module. 


Memory Cartridge to Butfer Module Connector Pin Assignments 


Front (Label Side) Rear 
Signat Input/ Signal Input/ 
Pin Mnemonic Signal Name Ошрш“ Pin Mnemonic | Signal Name | Output’ 
| 2 | ВАЗ Address Bit 3 1 Т 1 1 ВА2 Address Ви 2 | 

4 ВАТ Address Bit 1 i 3 ВАО Address Bit 0 | 

6 ВА7 Address Ви 7 1 5 ВАб Address Bit 6 1 

8 ВА4 Address Ви 4 i 7 BA5 Address Bit 5 | 
10 ВА15 Address Bit 15 І 9 Not Used 
12 BA14 Address Bit 14 | 11 РЕ PROM Enable о 
14 BA12 Address Bit 12 | 13 BA13 Address Bit 13 | 
16 ВАЗ Address Bit 9 і 15 ВАВ Address Bit 8 | 
18 ВАТ Address Bit 11 | 17 ВА10 Address ВИ 10 | 
20 BD1 Data Bit 1 Vo 19 BDO Data ВИО vO 
22 BD3 Data Bit 3 yo 21 BD2 Data Bit 2 VO 
24 BD5 Data Bit 5 Ше] 23 BD4 Data Bit 4 Џој 
26 ВО? Data Bit 7 vO 25 BD6 Data Bit 6 vO 
28 CS2 Chip Select 2 | 27 csi Chip Select 1 | 
30 С54 Chip Select 4 ! 29 С53 Chip Select 3 | 
32 CS6 Chip Select 6 р 31 С55 Chip Select 5 І 
34 С58 Chip Select 8 | 33 CS7 Chip Select 7 | 
36 ВАМ R/W RAM Read/Write І 35 53 Address Strap 3 о 
38 52 Address Strap 2 о 37 51 Address Strap 1 о 
40 Not Used 39 Not Used 
42 +5V +5 Vde 41 +5V +5 Vde 
44 GND Ground 43 GND Ground 


Note: 
**With respect to Memory Cartridge. 
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A65-905 


AIM 65 Memory Cartridge 


SPECIFICATIONS 
Value 
Parameter Memory Cartridge Buffer Module 
Dimensions 
Width 5.25 in. (133 mm) 4.75 in. (121 тт) 
Length 4.85 in. (123 mm) 4.69 in. (119 mm) 
Height 0.88 in. (22 mm) 1.48 in. (38 mm) 
Power +5V + 5% +5V + 5% 
-01, -02, -03 550 та--Туріса! 250 ma—Typical 
-04 550 ma—Typical 
-05 870 та--Туріса! 
-06, -07, -09 380 ma—Typical 
-08 620 та--Туріса! 
Environment 
Operating Temperature 0°С to 50°C 0°С to 70°C 


Storage Temperature 


Relative Humidity 


—40°С to 85°C (except A65-905-09) 
—20°С to 50°C (A65-905-09)* 
0% to 85% (without condensation) 


interface Connections 
AIM 65 Expansion Connector 


Buffer Module to Cartridge 


44 pin-edge connector 
(0.100 in. centers) 


—40°С to 85°C 


0% to 85% (without condensation) 


44 pin-edge receptacle 
(0.156 in. centers) 


44 pin-edge receptacle 
(0.100 in. centers) 


Note: “-40%С to 85°C if the battery is not present. 
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ЗЕСТЮМ 8 
АМ 65/40 MICROCOMPUTER FAMILY 
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АМ 65/40 MICROCOMPUTER FAMILY 
Modular Microcomputer Family With Wide OEM, Control Capabilities 


The AIM 65/40 modular microcomputer system allows 
functional steps up from the AIM 65 microcomputer in hard 
working biue collar applications, at very competitive prices. 
It also offers an extremely wide range of languages, 
controller options and an operating system for even greater 
application flexibility. 

The four basic modules of an AIM 65/40 include an 
R6502 based single board computer, an intelligent printer 
with 40 column alphanumerics and graphics capabilities, a 
40-character intelligent alphanumeric VF display, and a full 
ASCII keyboard. It may be purchased as a complete set for 
end users or as separate modules for OEM users. The 
printer and display modules may be mounted remotely from 
the single board computer. 

Language ROMs include BASIC interpreter and compiler, 
FORTH firmware and compiler. An assembler ROM, debug 
monitor and text editor ROMs, math package ROM add to 
the versatility. There are even disk operating systems. 


AIM 65/40 MICROCOMPUTER 
BOARD-LEVEL VERSION 
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A video controller module can be pre-configured onto the 
AIM 65/40 or can be used stand alone with other 
microprocessor based systems. it gives the АМ 65/40 the 
ability to command screen formatting, text handling and 
screen editing, plus full graphics drawing and data display 
functions. When pre-configured, the AIM 65/40 comes with 
an extended keyboard that includes cursor movement 
controls and a numeric keypad. 

For desk top use, the AIM 65/40 comes in an attractive 
enclosure, including power supply and an expansion card 
cage which can accept any RM 65 Eurocard module. With 


„its built-in features and expansion capabilities, the desk top 


AIM 65/40 can be any type of microcomputer system you 
might need. 

In the blue collar family, the AIM 65/40 microcomputer 
provides more power, greater flexibility, for more 
applications. 


AIM 65/40 MICROCOMPUTER 
PACKAGED VERSION 


N 


Rockwell 


OVERVIEW 


The AIM 65/40 Series 8000 Microcomputer System is a pow- 
erful, 8-bit R6502 CPU based microcomputer with a complete 
complement of RAM, ROM and I/O capacity—packaged іп an 
attractive professional desk-top enclosure and ready for use in 
a wide range of OEM and end-user applications. Four models 
offer either a built-in 40-character single line display or an 80- 
character x 25 line video display controller with each display 
model available with an internal graphics printer or a Centronics 
type printer interface. 


ROM-based disk operating system, input/output functions, debug 
monitor, text editor, R6500 assembler, and BASIC interpreter 
provide both standalone software development capability and 
run-time environment. Application programs developed and/or 
executed on a Series 8000 microcomputer can meet require- 
ments for low cost, high performance applications such as data 
acquisition and logging, instrumentation, medical analysis, 
environmental monitor, scientific calculation, and automatic test 
equipment in office, laboratory, or light industrial environments. 
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AIM 65/40 SERIES 8000 
MICROCOMPUTER SYSTEM 


FEATURES 


Integrated, complete and expandable microcomputer system 

--АІМ 65/40 single board microcomputer with all its features 
and populated with 48K bytes RAM and 24K bytes ROM 

— AIM 65/40 extended keyboard with 57-key main keyboard, 
15-key numeric and cursor control keyboard, 8 function 
keys and separate RESET and ATTN keys 

— ВМ 65 card cage with two available slots for user expansion 

— АМ 65 floppy disk controller for interfacing with up to four 
Буд" double-density floppy disk drives 

— Internal power supply with user expansion capacity 


e Four models to choose from 


—Optional single line display or video display controller (VDC) 
— Optional graphics printer or Centronics printer interface 
Fully contained in attractive, professional enclosure 
—Attractive, stylized two-piece design 

— Strong, injection molded ABS plastic construction 

— Сотрететагу two-tone color (sand with brown trim) 

— Swing-open top for easy access to internal components 
— Separate floating keyboard assembly 


e Hardware and software expansion options 


— АМ 65 input/output, controller and memory modules 
—Disk- and ROM-based language assembiers, compilers 
and/or interpreters 


ROM-resident firmware for immediate operation 
— Bootstrap disk operating system (BDOS 1.0) 
— User accessible ИО subroutines 

— Debug monitor/text editor 

—R6500 assembler 

— 8K BASIC interpreter 


ORDERING INFORMATION 


Description 


АМ 65/40 with VDC, Extended Keyboard, 48K 
RAM, BASIC Interpreter, Assembler, BDOS 1.0, 
FDC & 2 Expansion Slots 

Same as A65/40-8215 with Graphics Printer 

AIM 65/40 with 40-Character Display, Extended 
Keyboard, 48K RAM, BASIC Interpreter, 
Assembler, BDOS 1.0, FDC & 2 Expansion Slots 
Same as A65/40-8415 with Graphics Printer 


А65/40-8215 


А65/40-8315 
Аб5/40-8415 


Аб5/40-8515 


——— — H———''——— === 
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HARDWARE DESCRIPTION 


The AIM 65/40 Series 8000 Microcomputer System is fully pack- 
aged in a two-unit injection-molded ABS plastic enclosure. The 
Main Unit houses the Single Board Computer (SBC) module, 
power supply, RM 65 4-Slot Card Cage and adapter, Single Line 
Display or Video Display Controller (VDC) module, Graphics 
Printer or Centronics Printer Interface adapter, and interconnect 
cabling. The hinged front pane! swings forward revealing internal 
components thus allowing convenient switch setting and PROM 
ROM installation for custom applications. The rear section is 
easily removed to access the RM 65 Card Cage for installation 
of RM 65 expansion modules. Cables from external peripherals 
and equipment connect directly to connectors mounted on the 
back panel. 


The detached Keyboard Unit houses the AIM 65/40 Extended 
Keyboard and is connected to the Main Unit by a retractable 
cable for flexible positioning on the work surface. 


SBC Module 


The SBC module contains an R6502 CPU, a 1 MHz clock circuit, 
on-board device decoders, interrupt request priority circuit, reset 
conditioning, 32K bytes PROM/ROM sockets and 48K bytes 
RAM. 24K bytes of ROM are installed with two 4K-byte sockets 
available for user PROM/ROM installation. All on-board memory 
may be enabled in 4K-byte blocks, yielding an optimal mix of 
on-board/off-board memory and ГО to be addressed. The RAM 
may also be write-protected in 8K-byte segments. Dual bank 
addressing allows an additional 56K bytes of memory or ИО to 
be accessed off-board. 


Video Display Controller (Models -8215 and -8315) 


The Video Display Controller (VDC) interfaces the SBC module 
to a CRT monitor by generating a composite video output signal 
which is routed to a BNC connector on the back panel. Con- 
trolled by a separate microprocessor, built-in commands in 


AIM 65/40 Series 8000 Microcomputer System 


either text or graphics mode provide flexible text handling and 
screen editing as well as full graphics line drawing and display 
functions. 


In the text mode, a screen format of 80 characters x 24 lines 
is automatically selected. A 40 x 24 format is also available and 
other formats are user programmable. Eight pages of text are 
available in the 80 x 24 format with automatic page sizing for 
other formats. A 4K-byte character generator ROM contains bit 
patterns for 256 different characters in a 7 x 10 dot matrix field. 
Standard characters include upper- and lower-case alphabetics, 
numerals (including subscripts and superscripts), math and 
Greek symbols, common European letters, and semigraphic 
characters. 


The full graphics mode incorporates bit mapping of 280 x 224 
pixels, which is compatible with the Graphics Printer. Line 
drawing commands move a pen and draw or erase lines using 
either relative or absolute position reference. Data byte capa- 
bility allows individual dots to be controlled using a 40 bytes per 
dot line format (seven dots per byte). 


Graphics Printer (Models -8315 and -8515) 


The Graphics Printer is a dot matrix thermal printer with two 
modes operation: text and graphics. In the text mode, up to 40 
characters per line can be printed using 7 х 8 dot matrix char- 
acters. 256 pre-defined upper and lower case letters, numbers 
including superscripts and subscripts, math symbols, and 
common European and Greek letters are included in the con- 
troller ROM. Text is printed at a fast 240 lines per minute. In the 
graphics mode, all 280 horizontal dots in a row are individually 
controlled, and any number of rows may be printed. 


The printer includes a dedicated microprocessor-based con- 
troller which operates the printer motor and thermal head timing 
and control functions independently from the SBC module thus 
relieving the SBC module from time consuming peripheral con- 
trol functions. 


А65/40-8515 Microcomputer System—Front Cover Open 
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Parallel Application Connector (J1) Pin Assignments 


д 
Рт Signal 1/0 Type Pin Signal Type 
E === =. + -- 

1 CB2 1/0 NMOS 2 NC/+5V* Power 

3 СВІ 1/0 NMOS 4 GND Power 

5 PB7 1/0 NMOS 6 GND Power 

7 PBG но NMOS 8 GND Power 

9 PBS 1/0 NMOS 10 GND Power 
11 PB4 но NMOS 12 GND Power 
13 PB3 [Дә] NMOS 14 GND Power 
15 PB2 1/0 NMOS 16 GND Power 
17 PB1 1/0 NMOS 18 GND Power 
19 PBO Vo NMOS 20 GND Power 
21 PA7 1/0 NMOS 22 GND Power 
23 PAG Vo NMOS 24 GND Power 
25 PA5 1/0 NMOS 26 GND Power 
27 PA4 1/0 NMOS 28 GND Power 
29 PA3 1/0 NMOS 30 GND Power 
31 РА? 1/0 NMOS 32 GND Power 
33 РАТ 1/0 NMOS 34 GND Power 
35 PAO Uo NMOS 36 GND Power 
37 CA2 Vo NMOS 38 GND Power 
39 CA1 | | NMOS 40 NC/+5V* Power 

Note: "Pins 2 and 40 can be optionally jumpered to +5V (maximum current through each pin should not exceed 200 тА). 


Serial RS-232C Application Connector (J2) Pin Assignments 


Audio/20 mA Current Loop Connector (J3) Pin Assignments 


Pin | Signal | 1/0 Type vo | Type | Pin Signal vO | Type | Pin | Signal | Type 
1 | GND Power о |Rssec ШЕ ATS гу | 2 | ano | Power 
3 | RD 1 RS-232C VO | RS-232C 3 | ТТУ TD о TTY 4 GND Power 
5 | CTS VO | RS-232C VO | RS-232C 5 | TTY RD l TTY 6 амо Power 
7 | GND Power | VO | RS-232C 7 | TTY АТМ Power 8 GND Power 
9 NC RS-232C 9 | AUDIO OUT | TTL 10 GND Power 

11 NC 11 AUDIO IN о TTL 12 GND Power 

13 NC | 13 | CTRL 2 RTN о Relay 14 GND Power 

15 | NC | 15 | CTRL2 ! Relay 16 GND | Power 

17 NC | 17 | CTRL 1 RTN о Relay 18 GND Power 

19 NC | VO 19 | CTRL 1 1 Relay 20 GND Power 

21 | NC RS-232C Lu 

23 | NC 

L3 NC 


Floppy Disk Drive Connector (J5) Pin Assignments” 


Printer Connector (J7) Pin Assignments 


Pin Signal VO | Pin Signal О Pin Signal y/o Pin Signal y/o 
2 NC? 20 | STEP PULSE о 1 STROBE о 6 DATA 5 о 
4 | NC 22 | WRITE DATA о 2 ОАТА 1 о 7 DATA 6 о 
6 | ORIVE SELECT #4 | О 24 | WRITE GATE о 3 DATA 2 о 8 DATA 7 о 
8 | МОЕХ ! 26 | TRACK ZERO о 4 ОАТА 3 о 10 АСК і 

10 | DRIVE SELECT #1 | O 28 | WRITE PROTECTED) | 5 DATA 4 о 9, 11-18 | МС 

12 | DRIVE SELECT #2 | О 30 | ВЕАО ОАТА о 19-2 GND 

14 | ORIVE SELECT #3 | О 32 | 230 SIDE SELECT | О = 

16 | MOTOR ON о 34 | NC 

18 [DIRECTION ІМ о 


Notes: 1. 514" floppy disk drive interface. 
2. NC - No connection. 
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AIM 65/40 Series 8000 Microcomputer System 


Centronics Printer Interface 
(Models -8215 and -8415) 


The Centronics Printer Interface connector adapter buffers the 
external printer output signals from the SBC module and routes 
the signals to the Printer connector on the back panel. 


40-Character Display (Models -8415 and -8515) 


The 40-Character Display includes a vacuum fiuorescent dis- 
play and a dedicated microprocessor-based controller. The 
vacuum fluorescent display is a single sealed unit containing 40 
separately controllable digits. Each digit is composed of a 16- 
segment font which illuminates a full set of upper case alpha- 
betics, numerics, and specia! characters. п the semi-graphics 
mode, the 16 segments for each digit are individually controlled. 
In addition, each digit includes a separate decimal point. When 
energized, the digits form bright, crisp characters in a blue- 
green color. 


Extended Keyboard 


The Extended Keyboard contains a 57-key full-size terminal 
style alphanumeric keyboard with locking SHIFT key, a 15-key 
numeric and cursor control keyboard, eight function keys, and 
separate RESET and ATTN keys. 


SOFTWARE DESCRIPTION 


Standard ROM-based software in the Series 8000 Microcom- 
puter System provides either immediate development capability 
in BASIC and R6500 assembly language or automatic appli- 
cation program startup in a run-time environment. Program ini- 
tiation can be performed either in а PROM/ROM-based 
application program or in RAM after an automatically initiated 
load of the application program from floppy disk. The ROMs 
installed in each Series 8000 systems are: 


e АМ 65/40 VO ROM 

e AIM 65/40 Bootstrap Disk Operating System Version 1.0 
(BDOS 1.0) 

e AIM 65/40 Debug Monitor/Text Editor 

e AIM 65/40 BASIC Interpreter 

е АМ 65/40 Assembler 


ПО ROM 


The /О ROM includes preprogrammed auto-start initialization, 
interrupt, input/output and utility functions which support user- 
defined programs as well as Series 8000 standard firmware and 
optional firmware/software. Auto-start initialization jumps to pre- 
determined PROM/ROM addresses during RESET processing. 
The application program can assume direct control of the system 
for continued operation, or it can just initialize required functions, 
then return control back to the YO ROM for continued auto-start 
of other functions. УО drivers directly support intelligent display 
and printer peripherals. Other drivers support the RS-232C/ 
20MA interfaces and the audio cassette ports, and control the 
on-board speakers. 


BDOS 1.0 


The BDOS 1.0 ROM provides disk and file management func- 
tions as well as automatic loading of a bootstrap loader from 


disk for load and go program execution. BDOS functions open, 
close, read and write program and data files under operator or 
program control. User-friendly prompts, displayed at the Debug 
Monitor, Text Editor, BASIC, and Assembler command level 
messages, simplify operator initiation and monitoring of disk and 
file operations. Disk-oriented functions include format a disk and 
list the directory for all files on the disk. File-oriented functions 
include list, delete and recover a named file. 


When the BASIC ROMs are installed, the microcomputer auto- 
matically initializes to the BASIC command leve! unless over- 
ridden by an application program auto-start sequence. Easy 
entry to the Debug Monitor and Text Editor command levels 
allow machine level debugging, assembler selection and text 
entry/editing. 


Debug Monitor/Text Editor ROMs 


The Debug Monitor/Text Editor includes a wide selection of 
functions to simplify computer program entry and checkout. Text 
can be easily entered, edited, saved and retrieved using either 
line- or screen-oriented commands in the Text Editor. A char- 
acter cursor can be positioned left, right, up, or down to aid char- 
acter insertion, addition, and deletion. Automatic and selective 
character string change capability makes block changes as 
desired. Multiple text buffers can easily be maintained for sep- 
arate prográm and data files. 


The Debug Monitor controls program execution in single step 
and run modes and allows convenient examination and altering 
of memory and registers. Single step mode disassembles 
instructions and traces register contents upon command for 
detail examination of program operation. Symbol level debug- 
ging reduces dependence on absolute addresses and simplifies 
program checkout. Command string capability allows command 
sequences to be chained and easily repeated. 


BASIC ROMs 


The 8K Microsoft-developed BASIC Interpreter implements an 
industry standard high level language which is simple but pow- 
erful and is commonly used in industry, science and schools. 


BASIC operates in one of two modes, development and run- 
time. In the development mode, BASIC statements are entered 
and executed as either direct or indirect commands. Direct com- 
mands are executed upon entry to provide immediate results, 
however, the statements are not stored for subsequent execu- 
tion. Indirect commands are entered along with an associated 
line number and are executed upon RUN command entry or 
application program auto-start initialization. Indirect statements 
can also be loaded into the Text Editor for entry into BASIC to 
simplify program editing. The microcomputer peripherals, i.e., 
keyboard, 40-character single line display/video display and 
printer, are used in the development mode to enter statements, 
to list entered indirect statements and to display/print execution 
results. 


Assembler ROM 


The assembler translates computer program instructions written 
in R6500 assembly language for the 6502 microprocessor into 
machine code that will operate either in the Series 8000 Micro- 
computer System or in any 65XX CPU-based microcomputer. 
Operating options are selected interactively by the operator 
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upon assembly command. These options specify source code 
device, object code device, symbol table location, full assembly 
or errors only output listing and output listing device. A repeat 
command invokes the assembly according to previously com- 
manded options for rapid setup during program debugging, 
editing and reassembly. Memory to memory assembly is sup- 
ported to speed program generation. 


AIM 65/40 Series 8000 Microcomputer System 


SOFTWARE OPTIONS 


Part No. 


Disk-Based‘ 
A65/40-7012 
A65-40/7024 
A65/40-7052 


Description 


AIM 65/40 Macro Assembler and Linking Loader 
AIM 65/40 BASIC Compiler 
AIM 65/40 FORTH Compiler 


ROM-Based 
A65/40-7040 AIM 65/40 Math Package ROM 
A65/40-7050 AIM 65/40 FORTH ROMs 


Note: Provided а 5%-іпсһ double-density floppy disk compatible 
with AIM 65/40 BDOS 1.0. 


MEMORY MAP 
БЕРЕР АМ 65/40 
F000 УО ROM (1) 
AIM 65/40 
Е000 8005 1.0 ROM 
робо АМ 65/40 
BASIC ROMs 
С000 
000 AIM 65/40 
DEBUG/MONITOR 
& TEXT EDITOR ROMS (2) 
A000 
AIM 65/40 
9000 ASSEMBLER ROM (2) 
8000 
7000 
6000 ON-BOARD 
48K RAM 
5000 
4000 
3000 
2000 
1000 
800 
OPTIONAL LANGUAGE 
500 AND ВМ 65 MODULE FIRMWARE VARIABLES (3) 
200 . Vo & MONITOR VARIABLES 
100 6502 CPU STACK 
0 PAGE ZERO DATA 


Software Memory Map 


Notes: (1) АМ 65/40 System peripheral ГО addresses are assigned 
to FF80-FFDF. 
(2) User available during application program operation. 
(3) User available if the optional language and the RM 65 
expansion module ROMs are not used. 


FFFF 
F000 


C000 


BANK 0 BANK 1 


VO ROM COMMON TO 
BOTH BANKS 


ON-BOARD 
PROM/ROM 
DEDICATED 
TO BANK 0 


| 
| 
| 
| 
| 


8000 


ON-BOARD 
RAM 
DEDICATED TO 
BANK 0 
OR 
COMMON TO 
BOTH BANKS 


1000 


ON-BOARD 
RAM 
COMMON TO 
BOTH BANKS 


0 Eo 


Banking Memory Map 
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A65/40-8 x15 
SPECIFICATIONS 
Parameter Value Parameter Value 
Dimensions " Electrical (cont.) 


J3 (Audio/20 mA 


Main Enclosure 
Current Loop) 


Width 17.00 in. (43.2 cm) ite Vid 
Length 7.75 in. (19.7 cm) J4 (Composite Video) 
Height 2.26 in. ( 5.8 cm) 

Keyboard Enclosure J5 (Floppy Disk Drive) 
Width 17.00 in. (43.2 cm) ; 

J7 (Printer 

Length 17.68 in. (44.9 cm) ( 
Height 6.00 in. (15.2 ст) AC Power Connection 


Environment Power Connector 


Operating Temperature 


With Printer 0°С to 50°С Ромег Сога 
Without Printer 0%С to 70°C Type 
Storage Temperature Length 
With Printer 0°C to 70°C пато 
Without Printer —25°С to 85°С те En 


Microcomputer End 
AC Power Requirement 


Input Voltage 
Fuse 


Relative Humidity 0% to 85% (without condensation) 


Electrical 
Interface Connectors 
(Back Panel) 


J1 (Parallel 40-pin mass terminated connector 
Application) (3М#3417-7040 or equivalent) 

J2 (Serial RS-232C 25-pin Delta connector 
Application) 3M «3482-1000 or equivalent) 


20-pin mass terminated connector 
(3М#3421-7020 or equivalent) 
RCA BNC type 

(Allied #6088 or equivalent) 
34-pin mass terminated connector 
(3М#3414-6034 or equivalent) 
36-pin mass terminated connector 
3М# 3366-1001 or equivalent 


3-Prong Recessed Grounding Plug 
(NEMA 5-15P) 


Detachable, 3-Conductor 

6 Feet 

125 Vac, 15A Service 

Molded Vinyl Grounding Plug 
(NEMA 5-15P) 

Molded Vinyl Grounding Receptacle 


115 Vac +10%, 47-63 Hz 
230 Vac, 3A, Slo-Blo 


A65/40-8515 Microcomputer System—Back Panel 
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OVERVIEW 


The AIM 65/40 microcomputer integrates the AIM 65/40 тод- 
ular components—Single Board Computer (SBC), 40-Character 
Display or Video Display Controller (VDC) module, Graphics 
Printer, and a Standard or Extended Keyboard—into a com- 
plete self-contained system including an application-oriented 
VO ROM and а ROM resident operator-oriented Debug Monitor/ 
Text Editor. The display and printer modules are mounted onto 
the SBC while the keyboard is detached—all peripherals are 
connected through removable 40-conductor ribbon cables. The 
peripherals can easily be relocated to other positions to satisfy 
unique installation requirements. 


In its integrated form, a desk-top installation of the AIM 65/40 
microcomputer system can perform a wide range of specialized 
data acquisition, data reduction, control, and monitor functions 
in either OEM or end-user configurations. As a development 
tool, the system can support software developed in either 
assembly or high level language for operation in AIM 65/40 or 
RM 65 based microcomputers at a fraction of the cost of other 
systems. 


As an advanced generation of the popular AIM 65 microcom- 
puter, the separate AIM 65/40 assemblies provide increased 
processing throughput, improved keyboard, display and printer 
modules, and expanded application interfaces. The 6502 CPU- 
based AIM 65 Single Board Computer, with a full address com- 
plement of memory capacity on-board, extrernely flexible ИО, 
and interrupt drivers VO handlers in firmware, is the heart of the 
АМ 65/40 microcomputer system. The АМ 65 Graphics Printer, 
with its separate microcomputer controller, prints 40 columns 
of characters using a complete set of upper and lower case 
alphabetic, numeric, semi-graphic, and special characters in the 
text mode at 240 lines per minute, and also provides a full 
graphics mode of 280 dots by n rows. The AIM 65/40-Character 
Display, with its own microprocessor-based controller, features 
an easy-to-read fluorescent display, and provides a full comple- 
ment of alphanumeric and special characters as well as internal 
editing, scrolling, and blinking functions. The terminal-style AIM 
65 Standard Keyboard contains a full-size main keyboard plus 
a separate row of eight dedicated function keys and isolated 
RESET and ATTN keys. 


The system comes with a 4K-byte I/O ROM and an 8K-byte 
interactive debug monitor and text editor. Optional assembler 
and common high level language compilers/interpreters improve 
programmer productivity, increase program reliability, and sim- 
plify program maintenance. ROM-based firmware includes a 
disk operating system, symbolic assembler, universally accepted 
BASIC interpreter, and a highly efficient FOFITH system with 
resident compiler, interpreter, and macro assembler. Optional 
disk-based software includes a macro assembler, BASIC com- 
piler and FORTH target compiler. 


Document No. 29000D78 
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A65/40-2000, -3000, -4000 and -5000 
AIM 65/40 MICROCOMPUTER 


A65/40-2000, -3000, -4000, -5000 
AIM 65/40 Microcomputer Family 


FEATURES 


Single Board Computer with extensive memory and /О 

—6502 CPU 

—3131K addressing, in Two 65K-byte banks 

— Up to 48K-bytes of on-board RAM, with write-protect 

— Up to 32K-bytes of on-board PROM or ROM 

— User-Prioritized Interrupts, up to six levels 

— User-Dedicated parallel 1/О interface 

— User-Dedicated RS-232C serial interface 

—Audio cassette/TTY (20 mA current) interface 

— АМ 65 bus expansion interface 

Graphics Printer 

— Text mode provides upper/lower case alphanumerics, Math, 
and Special Characters at 240 lines/minute 

—Full graphics mode provides 280-dot resolution 

— Quiet, reliable thermal operation 

40-Character Display 

— Full upper case alphanumeric and special characters 

— Bright, crisp vacuum fluorescent display 

—Display, edit, auto-scroll, and character blinking functions 

Full-Size Terminal-Style Standard Keyboard 

—57 keys, including locking ALL CAPS key 

— Eight user function keys, plus ATTN and RESET 

vO ROM 

— Auto-start initialization 

— Interrupt-driven peripheral І/О handling 

— ВАМ vectored /О with expansion hooks 

— General purpose I/O and utility subroutines 

ROM-Resident Interactive Debug Monitor 

— Accepts instructions in mnemonic form 

— Machine level debug functions 

— Command file for automatic command execution 

ROM-Resident Text Editor 

— Line and screen oriented commands 

— Read, list, insert, delete functions 

— Cursor control functions 

— Automatic and manual block change functions 

Extensive Documentation 

— Comprehensive user's manual 

— ИО ROM and Monitor/Editor assembly listings 

— Programming and hardware manual 

— Summary booklet and wall schematic 


‘Data Sheet Order Мо. 078 
Rev. 1, July 1983 


A65/40-2000, -3000, -4000 and -5000 


A65/40-5000 AIM 65/40 Microcomputer 


ORDERING INFORMATION 


Microcomputers 


A65/40-2000 AIM 65/40 SBC with 32K RAM, Monitor 
ROMs, Extended Keyboard, and VDC 
Module 

AIM 65/40 SBC with 32K RAM, Monitor 
ROMs, Extended Keyboard, VDC Module & 
Graphics Printer 

AIM 65/40 SBC with 32K RAM Monitor ROMs, 
Standard Keyboard and 40 Char. Display 

AIM 65/40 with 32K RAM Monitor ROMs, 
Standard Keyboard, 40 Char. Display and 

Graphics Printer 


A65/40-3000 


A65/40-4000 


A65/40-5000 


Firmware Options 


Description 


AIM 65/40 Assembler ROM 

AIM 65/40 BASIC Interpreter ROMs 

AIM 65/40 Math Package ROM 

AIM 65/40 FORTH ROMs 

AIM 65/40 Disk Operating System Version 1.0 
(DOS 1.0) ROM 

AIM 65/40 Bootstrap Disk Operating System 

Version 1.0 (BDOS 1.0) ROM 


A65/40-7010 
A65/40-7020 
A65/40-7040 
A65/40-7050 
A65/40-7090 


A65/40-7092 


Software Options (5%” Disks) 


A65/40-7012 AIM 65/40 Macro Assembler and Linking 
Loader!” 

AIM 65/40 BASIC Compiler Disk? 

АМ 65/40 FORTH Target Compiler? 


A65/40-7024 
A65/40-7052 


Notes: 

1. Requires RM 65 FDC Module (RM65-5101E) and A65/40-7092 
BDOS 1.0 ROM. 

2. Requires RM 65 FDC Module (RM65-5101E) and either 

A65/40-7080 DOS 1.0 or A65/40-7092 BDOS 1.0 ROM. 
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АМ 65/40 Microcomputer 


FUNCTIONAL DESCRIPTION 


SINGLE BOARD COMPUTER (SBC) MODULE 


The A65/40-1000 SBC Module contains an R6502 CPU, a 1 
MHz clock circuit, on-board device decoders, interrupt request 
priority circuit, reset conditioning, and both PROM/ROM and 
RAM memory. On-board sockets accept up to 65K bytes of 
read-only and read/write memory. Up to 32K bytes of PROM/ 
ROM and up to 48K bytes of RAM may be installed. All on-board 
memory may be enabled in 4K-byte blocks, yielding an optimal 
mix of on-board/off-board memory and I/O to be addressed. The 
RAM may also be write-protected in 8K-byte segments. Dual 
bank addressing allows an additional 56K bytes of memory or 
VO to be accessed off-board. 


The SBC module is connected by removable cables to the 40- 
Character Display and the Graphics Printer over identical Cen- 
tronics type parallel handshaking interfaces. The SBC is also 
connected to the Standard Keyboard through a removable inter- 
face cable. These peripheral ports may be also used as general 
purpose bi-directional data ports with parallel, serial, interrupt, 
and timer capabilities controlled by user programming of two on- 
board R6522 Versatile Interface Adapter (VIA) devices. 


A separate user-dedicated R6522 VIA interfaces with the Par- 
alle! ГО Connector. The high current drive capacity of the VIA's 
eight "B" port lines can directly drive many industry-standard 
devices, such as solid state relays. The RS-232C connector 
provides an interface that allows the SBC to function as a data 
set or data terminal. An Audio/TTY Connector interfaces to one 
or two audio cassette recorders and to а 20 mA current loop 
serial interface. 


An Expansion Connector extends the system bus to Rockwell 
RM 65 bus compatible memory, ИО, or peripheral controller 
modules. Up to six levels of interrupt priority may be assigned 
to on-board and off-board peripherals. 


STANDARD KEYBOARD 


The A65/40-0200 Standard Keyboard is a full-size terminal style 
alphanumeric keyboard containing 66 momentary contact single 
pole single throw (SPST) keys and one locking SPST key. The 
keyboard has a complement of 63 momentary contact keys in 
an 8 x 9 matrix with nine positions unused. An ALL CAPS 
locking key is also in this matrix. Nine strobe and eight return 
lines are used to determine which key is pressed. Three 
momentary contact keys—RESET, ATTN, and PAPER FEED 
are outside of the keyboard matrix. These key switches have 
dedicated returns. 


EXTENDED KEYBOARD 


The A65/40-0210 Extended Keyboard has the added features 
of an industry standard numeric keyboard and cursor control 
keys. 
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PARALLEL ИО RS-232C AUDIO T TY EXPANSION 
CONNECTOR (11) CONNECTOR (42) CONNECTOR (43) CONNECTOR (34) 


INNEN 
| 


RS-232C co TTY 
INTERFACE INTERFACE 


RM 65 BUS 
EXPANSION 
DRIVERS 


AUDIO CASSETTE 
INTERFACE 


SYSTEM 
APPLICATION APPLICATION R6522 
R6522 Ré551 с UMORE МА 
МА ACIA JUMPER 


| 


PROM/ROM 
SELECT 
SWITCHES 


SYSTEM 


RAM 
SELECT 
SWITCHES 


ON-BOARD 
DEVICE 
DECODER 


BANK 
SELECT 
JUMPERS 


DYNAMIC 
RAM 
(UP TD 48K) 


WRITE 
PROTECT 
SWITCHES 


RM 65 BUS Een 
APPLICATION 
ACIA 
APPLICATION 
МА 
SYSTEM 
VIA 
KEYBOARD 
VIA 
RESET 
WRITE CONDITIONING 
PROTECT 


SINGLE 
STEP 
CIRCUIT 


RAM REFRESH 
AND TIMING 
CONTROL 


SYSTEM 
CLOCK 


PROM; ROM 
SIZE 
JUMPERS 


INTERRUPT 
PRIDRITY 
HEADER 


INTERRUPT 
PRIORITY 
MASK 


PROM КОМ 
(UP TO 32K) 


SYSTEM 
R6522 
МА 


KEYBOARD 
96522 
МА 


AUDIO 
CASSETTE — 
INTERFACE 


VOLTAGE 
CONVERTER 


SPEAKER 
AMPLIFIER 


A65/40- 1000 { 
SBC MOOULE 


PRINTER 
CONNECTOR (45) 


KEYBOARD 
CONNECTOR (47} 


DISPLAY 
CONNECTOR (46) 


А65/40-0400 
40-CHAR. DISPLAY 


A65/40-0200 


pip STANDARD KEYBOARD DR 465/40-0800 
PRINTER DR A65/40-0210 VIDEO DISPLAY 
EXTENDED KEY BOARD CONTROLLER 

MODULE 


AIM 65/40 System Block Diagram 
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GRAPHICS PRINTER 


The A65/40-0600 Graphics Printer includes a dot matrix thermal 
printer mechanism, a microcomputer controller, thermal head 
drivers, and motor/strobe timing circuitry. 


The printer mechanism includes a thermal! head, platen, motor 
drive linkage, and associated wiring. There are 40 thermal ele- 
ments on the thermal head, each of which spans seven dot 
fields; each element is a discrete point which rides against heat 
sensitive paper. Contro! logic turns on the thermal head drivers 
to heat the sensitized paper when a dot is to be printed. During 
a print cycle, the thermal head moves horizontally across the 
Paper; when an entire row of dots has been printed, the printer 
motor advances the platen by one horizontal row of dots. 


The printer controller includes an R6504 CPU, 4K-byte ROM, 
RAM, ЏО, timer, clock, and reset circuitry. The ROM contains 
both the CPU instructions and the individual character bit pat- 
terns. The controller performs printer motor and thermal head 
timing and control functions to enable the printer to operate 
independently from the SBC module. 


Data and control commands are transmitted to the printer over 
the Centronics type parallel handshake interface. An internal 
buffer accepts up to 80 bytes for printing. The controller auto- 
matically prints the first 40 7 x 8 dot-matrix characters in the text 
mode or after receiving a row of 280 dots in the graphics mode. 
The paper can also be advanced with a paper feed command, 
or manually using the paper feed switch. 


40-CHARACTER DISPLAY 


The A65/40-0400 40-Character Display contains a vacuum flu- 
orescent display, a microprocessor-based controller, a 2K-byte 
character font/program ROM, character and segment drivers, 
and a DC/DC power converter. The vacuum fluorescent display 
is a single sealed unit containing 40 separately controllable 
digits. Each digit is composed of a 16-segment font which allows 
a full set of upper case alphabetics, numerics, and special char- 
acters to be displayed. In the semi-graphics mode, the 16 seg- 
ments of each digit are individually controlled. in addition, each 
digit includes a separate decimal point. When energized, the 
digits form bright, crisp characters in a blue-green color. 


VIDEO DISPLAY CONTROLLER (VDC) MODULE 


The A65/40-0800 Video Display Controller (VDC) module inter- 
faces the AIM 65/40 microcomputer to either a CRT monitor or 
TV receiver. The module connects to the AIM 65/40 SBC module 
display connector (J5) and interfaces to the display through 
either the composite video output or the separate HSYNC, 
VSYNC, and VIDEO output TTL compatible signals. With its 
integral microcomputer controller, built-in commands provide 
selectable and programmable screen formatting, flexible text 
handling and editing, and ful! graphics drawing and data display 
functions. In the text mode, preprogrammed formats of 80 char- 
acters x 24 lines or 40 characters x 24 lines are selectable. 
Other formats are user programmable. The full graphics mode 
incorporates bit mapping of 280 x 224 pixels, which is compat- 
ible with the Graphics Printer. 
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AIM 65/40 Microcomputer 


ПО ROM 


The 1/О ROM includes preprogrammed auto-start initialization, 
interrupt, input/output and utility functions which support user- 
defined programs as well as AIM 65/40 optional firmware/soft- 
ware. Auto-start initialization jumps to predetermined PROM/ 
ROM addresses during RESET processing. The application pro- 
gram can assume direct control of the system for continued 
operation, or it can just initialize required functions, then return 
control back to the ИО ROM for continued auto-start of other 
functions. 


ШО drivers directly support AIM 65/40 intelligent display and 
printer peripherals, Other drivers support the RS-232C/TTY 
interfaces, the audio cassette ports and contro! the on-board 
speaker. 


DEBUG MONITOR/TEXT EDITOR 


The Debug Monitor/Text Editor inciudes a wide selection of func- 
tions to simplify computer program entry and checkout. Text can 
be easily entered, edited, saved, and retrieved using either line 
or screen oriented commands in the Text Editor. A character 
cursor can be positioned left, right, up, or down to aid character 
insertion, addition, and deletion. Automatic and selective char- 
acter string change capability makes block changes as desired. 
Multiple text buffers can easily be maintained for separate pro- 
gram and data files. 


The Debug Monitor controls program execution in single step 
and run modes and allows convenient examination and altering 
of memory and registers. Single step operation allows instruc- 
tion and register trace for detail examination of executed instruc- 
tions. Symbol level debugging reduces dependence on absolute 
addresses and simplifies program checkout. 
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DEBUG MONITOR COMMANDS 


Monitor Control Commands 


CTRL RESET Enter and Initialize Monitor (Cold Reset) 


RESET Enter Monitor (Warm Reset) 

ATTN Non-Maskable Interrupt 

ESC Escape to Monitor Command Level 

E Initialize Text Buffer and Enter Text Editor 
с Recover Text Buffer and Enter Text Editor 
T Reenter Text Editor 

F1 - F8 Enter Function 1 - Function 8 

* Hepeat Last Command 

& Execute Command String 

о Toggle Memory Bank 

CTRL Z Direct Peripheral Control 

CTRL ZCTRLZ SBC Module RAM Self Test 

CTRL C Clear Display And Home Cursor 

CTRL N Home Cursor 


Display/Alter Registers 


Display Register Contents 
Display/Alter Accumulator 
Display/Atter Processor Status 
Display/Alter Stack Pointer 
Disptay/Alter X Register 
Display/Alter Y Register 
Display/Alter Program Counter 


я <хфтьз 


Display/Alter Memory 


M Display Selected Memory Contents 
SPACE Display Higher Memory Locations 
- Display Lower Memory Locations 

/ Alter Current Memory Contents 


Enter/Disassemble Instructions 


| Enter Mnemonic Instruction 
K Disassemble Memory 
; Enter Symbolic Address 


Execution/Trace 


Execute Program 

Toggle Instruction Trace 

Display Register Heading 

Display Jump and Branch History 
Toggle Symbol Table On/Off 


<темо 


Breakpoint Manipulation 


Display Breakpoints 

Clear Breakpoints 

Toggle Breakpoint Enable On/Off 
Set Breakpoint 


WE ev 
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Load/Dump Memory 

L Load Memory 
D Dump Mémory 
F Verify Memory 


Peripheral Control 


CTRL P Toggle Auto-Print On/Off 

PRINT Print Display Contents 

1 Toggle Recorder 1 Control On/Off 
2 Toggle Recorder 2 Control On/Off 
3 Verify Tape Checksum 


Screen Oriented Commands 


F1 (or CTRL Q) Home Cursor on Line 

F2 (or CTRL R} Clear Line to Right 

F3 (or CTRL S) Toggle Insert Mode On/Off 

F4 (or СТВЕ T) Delete Character Under Cursor 

F5 (or CTRL U) Move Cursor Left (Left Arrow) 

F6 (or CTRL V) Move Cursor Right (Right Arrow) 

F7 (or CTRL W) Мохе Line/Cursor Down (Down Arrow) 
F8 (or СТВЕ X) Move Line/Cursor Up (Up Arrow) 


CTRL A Add (Insert) a Line 
CTRL B Break a Line 
CTRL D Delete a Line 


TEXT EDITOR COMMANDS 


Editor Control Commands 


S Enter Screen Edit Mode 

Q Quit Editor and Enter Monitor 
ESC Return to Editor Command еме! 
+ Repeat Last Command 

CTRL C Clear Display arid Home Cursor 
CTRLN Home Cursor 


Line Oriented Commands 


List Multiple Lines 
Read Muttiple Lines 
Insert One Line 
Overlay Current Line 
Delete Multiple Lines 
SPACE) Display Current Line 
Display Current and Last Line Addresses 
Go to Line Number 

Go up Multiple Lines 
Go down Multiple Lines 
Go to Top Line 

Go to Bottom Line 

F7 (or CTRL М) Оо Down One Line 

F8 (or CTRL X) Go Up One Line 


хот шп 
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АМ 65/40 Мсгосотрщег 


DEVELOPMENT MODE 
AIM 65/40 
ЏО ROM (1) 


AIM 65/40 
BDOS 1.0 ROM (4) 


-— 
OPTIONAL AIM 65/40 
HIGH LEVEL LANGUAGE ROMs (3) 


BASIC FORTH 


AIM65/40 
DEBUG/MONITOR 
& TEXT EDITOR ROMs (2) 


AIM 65/40 
ASSEMBLER ROM 


USER AVAILABLE 


OPTIONAL LANGUAGES (3) 
RM 65 RAM (3) 


“MONITOR RAM (23) 


6502 STACK 


“PAGE ZERO DATA 


ON-BOARD 


RUN-TIME MODE PROM/ROM & RAM 


FFFF FFFF 


AIM 65/40 


ИО ROM (1) ИО ROM (1) 


F000 F000 


AIM 65/40 


РРР 8005 1.0 ROM (4) 


РАОМ/ВОМ 
ЕХРАМЗЮМ 
(28K) 


——_— 
OPTIONAL АМ 65/40 


0000 HIGH LEVEL LANGUAGE ROMs (3) 


cooo Сооо 
8000 

А000 
9000 
8000 8000 
7000 
ВАМ 


EXPANSION 
(32K) 


6000 USER AVAILABLE 


5000 


4000 


2000 


1000 


OPTIONAL LANGUAGES (3) 
500 ВМ 65 RAM (3) 


6502 STACK 
PAGE ZERO DATA 


Notes 
(1) AIM 65:40 System peripheral ЕО addresses are assigned to 
FF80-FFDF. 


(2) User available during application program operation if the debug 
and text editor functions are not used 


(3) User available if the optional language and the RM 65 expansion 
module ROMs are not used 


(4, Requires RM65-5101E Floppy Disk Controller (FDC) module. 
(51 56K bytes of RAM (0 SDFFF) is available for disk-based 


assembler'compilers and user programs. l'O ROM and BDOS 1.0 
ROM require 8K bytes (SE000-SFFFF] 


AIM 65/40 SBC Memory Map 


RAM 

COMMON TO 

BOTH BANKS 
(4K) 


PROMROM 
DEDICATED TO 
BANK 0 OR 
COMMON TO 
BOTH BANKS 
(20K) 


RAM 
DEDICATED TO 
BANK 0 OR 
> COMMON то 
ВОТН ВАМК5 
(44K) 


ROM & 1/0 
$ COMMON TO 
BOTH BANKS 
(4K) 
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SBC Module Connector J1 (Parallel Application) Pin Assignments 
Signal 


NC/ 4 5V* 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
NC/+5V* 


Note: “Риз 2 and 40 can be optionally jumpered to +5V (maximum current through each pin should not exceed 200 тА). 


SBC Module Connector J2 SBC Module Connector J3 
(Serial Application) Pin Assignment (Audio/TTY) Pin Assignments 


TTY ATS 
TTY TD 
TTY RD 
TTY RTN 


RS-232C 
Н5-232С 
Н5-232С 
Н5-232С 
AUDIO OUT 
AUDIO IN 
CTRL 2 АТМ 
CTRL 2 
CTRL 1 RTN 
CTRL 1 
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АМ 65/40 Microcomputer 


ams 


emonic 


+5V 
GND 
BADR/ 
GND 
BA13/ 
BA11/ 
BA10/ 
ВА8/ 
GND 
ВАБ/ 
ВАЗ/ 
BA2/ 
ВАО/ 
GND 
BSO 
BRDY 


+12V/-+V 
GND 
BDMT/ 


BR/W/ 


GND 
BIRQ/ 
Bg2/ 
Bó2 
BD7/ 
GND 
BD4/ 
BD2/ 
BD1/ 
+5V 
+5V 


SBC Module Connector J4 (RM 65 Bus) Pin Assignments 


Bottom (Soider Side) 


Not Connected 

+5 Мас Line (See Note) 
Ground 

Buffered Bank Address 
Ground 

Buffered Address Bit 13 
Buffered Address Bit 11 
Buffered Address Bit 10 
Buffered Address Bit 8 
Ground 

Buffered Address Bit 5 
Buffered Address Bit 3 
Buffered Address Bit 2 
Buffered Address Bit 0 
Ground 

Buffered Set Overflow 
Buffered Ready 
*User Spare 1 
*+12 Vde/+V 

Ground Line 
*Buffered DMA Terminate 
*User Spare 3 

Buffered Read/Write “Not” 
*System Spare 

Ground 

Buffered Interrupt Request 
Buffered Phase 2 "Not" Clock 
Buffered Phase 2 Clock 
Buffered Data Bit 7 
Ground 

Buffered Data Bit 4 
Buffered Data Bit 2 
Buffered Data Bit 1 

+5 Vde 

+5 Мас (See Note) 

Not Connected 


[eee Ц] зе 


ОООО ОООО о 


+5V 
+5V 
ВА15/ 
ВА14/ 
ВА12/ 
GND 
ВА9/ 
ВА7/ 
ВАб/ 
ВА4/ 
амо 
ВАТ/ 
Bot 
BSYNC 
врват; 
амо 
—12v/-V 


BFLT/ 
Bo 
GND 
BDRQ2/ 
ВАЛА 
ВАСТ/ 
BNMI/ 
GND 
BRES/ 
BD6/ 
BD5/ 
BD3/ 
GND 
BDO/ 
GND 
+5V 


Note: "Мог used on the SBC. Signal name reflects RM 65 Bus reserved function. 
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Top (Component Side) 


Signai 
Type Mnemonic Signal Name Type 


Not Connected 
+5 Vdc (See Note) 
+5 Vde 
Buffered Address Bit 15 
Buffered Address Bit 14 
Buffered Address Bit 12 
Ground 
Buffered Address Bit 9 
Buffered Address Bit 7 
Buffered Address Bit 6 
Buffered Address Bit 4 
Ground 
Buffered Address Bit 1 
Buffered Phase 1 Clock 
Buffered Sync 
*Buffered DMA Request 1 
Ground 
*—12 Vde/-V 
“User Spare 2 
Buffered Bus Float 
“Buffered External Phase 0 Clock 
Ground 
“Buffered DMA Request 2 
Buffered Read/Write 
Buffered Bus Active 
Buffered Non-Maskable Interrupt 
Ground 
Buffered Reset 
Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground 
Buffered Data Bit 0 
Ground 
+5 Vde (See Note) 
Not Connected 


оо 0000 000 


Аб5/40-2000, -3000, -4000 апа -5000 АМ 65/40 Microcomputer 


SBC Module Connector J5 (Printer) Pin Assignments 


Printer 


PAPER FEED (2) PAPER FEED (2) 
RES RES 

РВ1 STROBE 
PA7 Data 7 
РАб Data 6 
РА5 Data 5 
РА4 

РАЗ 

РА? 

РА1 

PAO 


оооооооооо 


СА2 


(1) Maximum +5V current through J5 should not exceed 200 mA per pin. 
(2) Connected to J7-39 through jumper W3. 


a M — MÀ Ó—— 


SBC Module Connector J6 (Display) Pin Assignments 


Printer 


PAPER FEED (2) PAPER FEED (2) 
RES RES 
PBO STROBE 
PA7 Data 7 
PA6 Data 6 
PA5 Data 5 
РА4 

РАЗ 

РА? 

PAI 

PAO 


о 
о 
о 
о 
о 
о 
о 
о 
о 
о 
о 


CB2 


Notes: (1) Maximum +5V current through J6 should not exceed 200 mA per pin. 
(2) Connected to J7-39 through jumper W3. 
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SBC Module Connector J7 (Keyboard) Pin Assignments 


R6522 Keyboard 


NC/+5V 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND. 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
NC/+5V 


----------ооооаооо-- 


PAPER FEED 


Notes: (1) Pins 2 and 40 can be optionally jumpered to +5V (maximum current through each pin should not exceed 200 mA). 
(2) Pin 1 can be optionally jumpered to the RESET circuit or to CB2. 
(3) Pin 3 can be optionally jumpered to the NMI circuit or to СВ1. 
(4) Pin 39 can be optionally jumpered as PAPER FEED or fo CAI. 


NMOS INTERFACE (Input Voitage = +5.0V, TA = 25°C) 


Input High Voltage 


Input Low Voltage 


Input High Current 
(Мн = 2.4У) 


Input Low Current 
(Му = 0.4А) 


Output High Voltage 

(Поль = —100A) 

Output Low Voltage 

(оло = —3 mA) 

Output High Current (Sourcing) 
(Мон 2 2.4У) 

(Мон = 1.5%, VIA PBO-PB7 only) 


Output Low Current (Sinking) 
(Vo, = 0.4V) 


TTL — Industry standard LS TTL. Industry standard Tri-State LS TTL. 
OC TTL — Industry standard Open Collector LS TTL. Industry standard Totem Pole LS TTL. 
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SPECIFICATIONS 


Parameter Value 


Dimensions 


Width 11.85 іп. (301 mm) 
Length‘? 19.75 in. (502 mm) 
Height? 4.6 in. (117 тт) 


Shipping 
Size 
Weight 
Weight 


With Printer 
Without Printer 


12.5 in. (320 mm) x 16.5 in. (420 mm) x 15 in. (385 mm) 
13.3 Ib. (6 kg) 


4 Ib. 4 oz. (1.58 kg) 
3 Ib. 4 oz. (1.21 kg) 


Environment 
Operating Temperature 
With Printer 
Without Printer 
Storage Temperature 
With Printer 
Without Printer 
Relative Humidity 


0°С to 50°С 
О°С to 70°C 


0°С to 70°C 
—25°С to 85°C 
0% to 85% (without condensation) 


Power Requirements 
With Printer +5V +5% regulated @ 2.6A (typ); 3.4A (тах.); 3.4A (peak)? 
+24V (+3.6V, —2.6V) unregulated @ 2.5A (typ); 4.0A (тах.); 6.3A (реак)! 


+5V +5% regulated @ 1.8A (typ); 2.4A (тах); 2.4А (peak)? 


Without Printer 


Interface Connector 
J1 (Parallel Application) 


40-pin edge connector (0.100 in. centers). Pre-drilled holes fcr installation of 
40-pin ЗМ 43432-1002, or equivalent, mass terminated connector. 


J2 (Serial Application) 26-pin edge connector (0.100 in. centers). Pre-drilled holes fcr installation of 


25-pin АМР #206584-1, or equivalent, mass terminated connector. 


J3 (Audio/TTY) 20-pin edge connector (0.100 in. centers). Pre-drilled holes fcr installation of 


20-pin ЗМ 43492-1002, or equivalent, mass terminated connector. 


J4 (RM 65 Expansion) 72-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 
а 64-pin DIN 41612 Euroconnector or 72-ріп TI H42-51-11-3€, or equivalent, 


connector to directly mate to one Rockwell RM 65 module. 


40-pin ЗМ 43495-1002, or equivalent. Mates with ЗМ #3418-0000Т, ог 
equivalent, ribbon cable connector. 


40-pin ЗМ 43495-2002, or equivalent. Mates with ЗМ «43418-00007, or 
equivalent, ribbon cable connector. 


J7 (Keyboard) 


J5 (Printer) and 
J6 (Keyboard) 


Notes: 

1. Specified for 2 in. separation between keyboard and SBC modules. The length may be reduced if keyboard and SBC modu es are overlapped/ 
canted or may be extended by installation of a longer interface cable. A cable up to four feet in length may be installed. 

2. Specified for the printer mounted to the SBC module on 1 in. standoffs. The printer may be mounted up to 2.5 in. above the SBC module using 
the installed 3 in. cable or may be installed to operate with a cable up to four feet in length. 

3. Power requirements are specified for 8 PROM/ROM devices (32K bytes) 0.6A (typical) and 1.2A (maximum) total, and for 16 RAM devices 

(82K bytes) with 0.9A (typical) and 1.7A (maximum) total, installed. 

. +24М peak current specified as worst case with printer duty cycle of 75%. For most cases, a -- 24V 4A pówer supply is sufficient. 
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REFERENCE DOCUMENTS 


The following product literature is available for further product 
information. 


Order Number Document Title 


A65/40-0200, A65/40-0210 Standard 
and Extended Keyboard Data Sheet 

A65/40-0400 40-Character Display Data 
Sheet 

A65/40-0600 Graphic Printer Data 
Sheet 

A65/40-0800 Video Display Controller 
Module Data Sheet 

A65/40-1000 Single Board Computer 
Module Data Sheet 

A65/40-7010 Assembler ROM 

A65/40-7012 Macro Assembler and 
Linking Loader 

A65/40-7020 BASIC Interpreter ROMs 

A65/40-7024 BASIC Compiler 

A65/40-7040 Math Package ROMs 

A65/40-7050 FORTH ROMs 

A65/40-7052 FORTH Target Compiler 

A65/40-7090 Disk Operating System 
Version 1.0 ROM 

A65/40-7092 Bootstrap Disk Operating 
System Version 1.0 ROM 
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OVERVIEW 


The A65/40-1000 Single Board Computer (SBC) is one of the 
hardware options available for the AIM 65/40 Microcomputer 
family. 


The SBC is an extremely flexible and adaptable microcomputer 
on a single board. Memory sockets accept up to 65K bytes of 
read-only and read/write memory on the board. Three installed 
peripheral ribbon cable connectors, as well as three user ded- 
icated application edge connectors, provide extensive and ver- 
satile parallel and serial interfaces for use in industrial, scientific 
and educational installations. The RM 65 Bus compatible expan- 
Sion connector allows additional memory, /О, peripheral con- 
troller and application modules to be easily connected. 


Up to 32K bytes of PROM/ROM and up to 48K bytes of RAM 
may be installed on-board. All on-board memory may be ena- 
bled in 4K-byte blocks, yielding an optimal mix of on-board/off- 
board memory and ИО to be addressed. The RAM may also be 
write-protected in 8K-byte segments. Dual bank addressing 
allows an additional 56K bytes of memory or VO to be accessed 
off-board. 


The display and printer interfaces connect through interface 
cables to the A65/40-0400 40-Character Display and the 
A65/40-0600 Graphics Printer over identical Centronics type 
parallel handshaking interfaces. The keyboard interface con- 
nects to the A65/40-0200 Standard Keyboard through an inter- 
face cable. These peripheral ports may be used as general 
purpose bidirectional data ports with parallel, serial, interrupt 
and timer capabilities controlled by user programming of two on- 
board R6522 Versatile Interface Adapter (VIA) devices. 


in addition, а separate user-dedicated R6522 VIA interfaces 
with the Parallel Application connector. The high current drive 
capacity of the VIA's eight “В” port lines can directly drive many 
industry-standard devices, such as solid state relays. The 
RS-232C Connector provides an interface that allows the SBC 
to function as a data set or data terminal. An Audio/TTY Con- 
nector can be used to attach one or two audio cassette recorders, 
for program or data storage, and a 20 mA current loop 
teletypewriter. 


The A65/40-1000 SBC comes with а 4K-byte /О ROM installed. 
Preprogrammed auto-start initialization, interrupt, input/output 
and utility functions support user-defined programs as well as 
AIM 65/40 optional firmware/software. Auto-start initialization 
jumps to predetermined PROM/ROM addresses during RESET 
processing. The application program can assume cirect control 
of the SBC for continued operation, or it can just initialize required 
functions, then return contro! back to the ГО ROM for continued 
auto-start of other functions. УО drivers directly support AIM 
65/40 intelligent display and printer peripherals. 
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A65/40-1000 
AIM 65/40 SINGLE BOARD COMPUTER 


А65/40-1000 


AIM 65/40 Microcomputer Family 


FEATURES 


Popular and Powerful 6502 CPU 

e Extensive On-Board Memory 

— Ор to 48K bytes of RAM, with write-protect 

—up to 32K bytes of PROM or ROM 

Extended and Flexible Addressing 

—131K addressing, in two 65K-byte banks 

— Dedicated or shared bank addressing 

—On-board/off-board memory select 

e User-Prioritized Interrupts—Up to six levels 

Installed /О Driver ROM 

— Interrupt driven АМ 65/40 peripheral ГО handlers 

— User program auto-start initialization 

— Utility subroutines and user ИО driver linkage 

Two System Display/Printer Connectors 

— Centronics type parallel handshake 

--АІМ 65/40 40-character display compatible 

--АІМ 65/40 graphics printer compatible 

Full-Size Keyboard Interface 

—General purpose parallel interface 

—AIM 65/40 keyboard compatible 

Parallel Application Interface 

— R6522 Versatile interface Adapter (VIA) 

—Two 8-bit parallel bidirectional data ports 

—Two 2-bit handshake control ports 

— Two programmable 16-bit counter/timers 

—-8-bit serial interface 

RS-232C Serial Application Interface 

—R6551 Asynchronous Communications Interface Adapter 
(ACIA) with programmable data rate to 19,200 baud 

—Configurable as data set or data termiral 

e 20 mA Current Loop Serial Interface 

Interface to Low Cost Audio Cassette Recorders 

— Remote on/off contro! through on-boarc relays 

— АМ 65 format compatible 

On-Board Piezo-Electric Speaker 

— Programmable tone and duration 

e +5V Operation 


Data Sheet Order No. 077 
Rev. 1, August 1983 
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FUNCTIONAL DESCRIPTION 


CENTRAL PROCESSING AND CONTROL 


The A65/40-1000 SBC contains а central processing unit (CPU), 
decoders, read/write mernory, read-only memory, peripheral 
interface devices, application interface circuits, expansion bus 
drivers and support circuitry—all connected together by ап 
internal systern bus. 


The R6502 CPU, with its advanced pipeline architecture and 13 
addressing rnodes for fast execution and mernory efficiency, 
performs the central processing. A 1 MHz system operating fre- 
quency is derived from a clock circuit employing a 16 MHz ref- 
erence crystal. 


The RESET conditioning circuit shapes the RESET signal 
received from the on-board RESET switch or the Keyboard Con- 
nector and generates the system reset (RES) for the CPU, on- 
board I/O devices, the off-board peripherals and the expansion 
bus. It also generates the RES signal at power turn-on. 


The Single Step circuit, enabled under software control, allows 
CPU monitored single instruction execution through user pro- 
grams located below $A000. When enabled, a Non-Maskable 
Interrupt (NMI) is generated upon execution of each instruction 
to allow an interrupt subroutine to perform debug functions, such 
as disassernbly of the instruction and display of register contents. 


The Interrupt Request Priority circuitry prioritizes individual 
interrupt requests (IRQ) from six sources—the Systern R6522 
VIA, the Keyboard R6522 VIA, the Application R6522 VIA, the 
Application R6551 ACIA, the RM 65 Bus, and the on-board RAM 
Write Protect circuitry—into a system IRQ. Each IRQ can be 
assigned any priority relative to the others by wiring the Interrupt 
Request Priority Header. The Interrupt Request Priority Mask 
inhibits generation of the System IRQ to the CPU for individual 
interrupt requests assigned below a software selected priority 
level. 


The On-board Device Decoder generates device select signals 
for all on-board RAM, ROM or I/O access. The PROM/ROM апа 
RAM select switches allow independent on-board/off-board 
selection of each 4K-byte block. 


Programmable Bank Addressirig creates two 65K-byte banks, 
for an effective addressing range of 131K bytes with the RM 65 
Bus Expansion Connector. The upper 4K bytes containing the 
VO ROM, and the lower 4K bytes containing the R6502 stack 
RAM, are always common to both Bank 0 and Bank 1. Ап 
additional 20K bytes of PROM/ROM may be assigned cornmon 
to both banks, or dedicated to Bank 0, on 4K-byte boundaries 
with the Bank Selection jumpers. The rernaining PROM/ROM 
and RAM is dedicated to Bank 0. 


MEMORY 


Eight 24-pin PROM/ROM sockets allow installation of up to 32K 
bytes of PROM/ROM. PROM/ROM size jumpers set up the 
sockets to accept 8K- or 4K-byte devices. The on-board RAM 
can be expanded up to 48K bytes using industry standard 16K 
x 1 dynamic RAM devices in 24 16-pin sockets. 
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Single Board Computer 


The RAM Refresh and Timing Control circuitry controis address 
and data timing for RAM memory access, and provides trans- 
parent refreshing of the dynamic RAM devices. Write protect 
switches allow the RAM to be selected for read-only access, 
with independent protection of 8K byte sections (except for the 
lowest 8K which contains page 0 and page 1). An atternpted 
write into any protected RAM location will generate a write pro- 
tect interrupt request (IRQ). 


ИО HARDWARE 


Two systern R6522 VIA devices support three peripheral ports— 
display, printer and keyboard. Common /О data lines and sep- 
arate control lines are routed from the Systern VIA to the Display 
and Printer Connectors. Both common or unique data can easily 
be transferred through the Systern VIA to the interfacing periph- 
erals since the handshaking control lines are separately han- 
dled. The System VIA also controls data transferred to and from 
audio cassette recorders as well as on-board relays to remotely 
turn the recorders on and off. Each VIA provides two 16-bit 
timer/counters and an 8-bit serial shift register. 


A separate R6522 VIA interfaces with the Keyboard Connector 
and the on-board speaker amplifier. Nine keyboard strobe lines 
are output frorn the keyboard VIA to the keyboard and another 
eight return lines are input. The eight return lines are also or'ed 
together and connected to the VIA to cause a keyboard iRQ 
when a key is depressed. 


The third R6522 VIA is dedicated to user functions. All 16 data 
and 4 control lines are routed directly to the Parallel Application 
Connector. The Application VIA provides two 8-bit bidirectional 
data ports with handshake control and allows the data direction 
of each port bit to be individually assigned. One of the data lines 
may be configured as a serial line to an 8-bit shift register with 
three input and four output modes. Two independent 16-bit 
timer/counters in the R6522 with four modes in Timer 1 and 
three modes in Timer 2 support numerous internal and external 
timing and clock functions. Two data ports associated with the 
timers allow various input/output functions to be programmed 
Such as rectangular wave form generation and sampling. 


In addition to the parallel interfaces, a user dedicated serial 
interface is provided in both RS-232C and 20 mA forms. An 
R6551 Asynchronous Communication Interface Adapter (ACIA) 
device connects to RS-232C and 20 mA current loop interface 
circuits. On-board jurnpers configure the R6551 АСТА to operate 
as either a data set or a data terminal. The R6551 ACIA, with 
its internal data rate generator, may be programmed to one of 
the 16 rates (from 50 to 19,200 baud). Additional program con- 
trol of word length (5, 6, 7 or 8 bits), number of stop bits (t, 172 
or 2) and parity (odd, even or none) is also provided. 


The RS-232C Interface circuit converts the TTL levei signals to 
RS-232C voltage levels and routes the signals to the RS-232C 
Connector. The TTY Interface circuit converts TTL level signals 
to 20 mA current signals arid routes the signals to the Audio/ 
TTY Connector. The TTY receive data and transmit data lines 
operate in parallel with the RS-232C lines. 


Line driver and tri-state circuitry interface with the on-board 
address, data and control lines to interface with the Expansion 
Connector. Both the address lines and data lines are inverted 


А65/40-1000 


to be compatible with the Rockwell RM 65 Виз. Data and control 
lines are connected to the Bus Control line from the Expansion 
Connector so they can be disconnected from the bus during off- 
board DMA operations. 


INTERFACE CONNECTORS 


The two identical 40-pin Display and Printer connectors allow 
display and printer functions to be easily interchanged, or 
duplicated if two displays or two printers are connected, These 
connectors are directly compatible with the A65/40-0400 40- 
Character Display and the A65/40-0600 Graphics Printer—or 
they may be connected to other Centronics type interface com- 
patible equipment. +5\ is routed to the connectors for use by 
the interfacing peripherals. The display and printer connectors 
are mounted vertically on the front half of the SBC to con- 
veniently connect to the printer and display interface cables. 


The 40-pin Keyboard Connector connects the 17 VO lines from 
the Keyboard VIA to the keyboard interface cable. Keyboard 
RESET and Non-Maskable Interrupt (ММТ) lines are routed from 
the connector to the Reset Conditioning and Single Step circuits 
respectively. The Paper Feed signal from the keyboard may be 
routed directly to the display and printer connectors, or to the 
Keyboard VIA. Mounted horizontally on the front of the SBC, the 
connector allows easy connection to an interfacing cable from 
the A65/40 Keyboard, or from any other compatible equipment. 


біздіе Board Computer 


The application, audio/TTY and expansion bus signals are routed 
to four edge connectors. The pins on each connector are spaced 
at standard 0.100 inch separation for direct connection to mass 
terminated cable connectors. Mounting holes are also provided 
to allow installation of other connectors. 


The 40-pin Parallel Application Connector connects to VO lines 
routed directly to the Application R6522 VIA. In addition, +5V 
can be supplied to the interfacing equipment through an on- 
board jumper. 


The 26-pin RS-232C Connector connects tc lines from the RS- 
232C Interface circuitry. A standard 25-pin D-type connector 
can be installed. The 20-pin Audio/TTY Connector interfaces 
with audio data and control lines from the Audio Cassette Inter- 
face circuitry and 20 mA current loop lines from the TTY Inter- 
face circuitry. 


The 72-pin Expansion Connector interfaces to lines from the RM 
65 Bus interface. Ап RM 65-АІМ 65/40 Buffer Module, P/N 
RM65-7140(E) can be connected to the Expansion Connector 
to interface with a Rockwell RM 65 card cage/motherboard. 


VOLTAGE CONVERTER 


The DC-DC voltage Converter generates all required on-board 
voltages from the +5 volt supply. The +12V and – 12% are used 
by the RS-232C Interface Circuit, while --12У and —5V аге 
required by the dynamic RAMs. 


NMOS Interface (Input Voltage = +5.0V, TA = 25°C) 


Parameter 


Input High Voltage 
Input Low Voltage 
Input High Current 
(Ми = 2.4V) 

Input Low Current 
(Vi, = 0.4А) 
Output High Voltage 


(одр < —100 А) 

Output Low Voltage 

(оло = —3 mA) 

Output High Current (Sourcing) 
(Vou = 2.4V) 

(Мон = 1.5V, VIA PBO-PB7 only) 
Output Low Current (Sinking) 
(Vou = 0.4У) 


Industry standard LS TTL. 
industry standard Open Collector LS TTL. 


Notes: TTL — 
OC TTL — 


88 TTL — 
ТР TIL — 


Industry standard Tri-State LS TTL. 
Industry standard Totem Pole LS TTL. 
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DEVELOPMENT MODE 
AIM 65/40 
МО ROM (1) 


Optional AIM 65/40 
High Level Language ROMs {3) 


cooo 


AIM 65/40 
Debug/Monitor 
& Text Editor ROMs (2} 


7000 


5000 


5000 


USER AVAILABLE 


3000 


2000 


1000 


Optionai Languagas (3) 


Page Zero Data 


RUN-TIME MODE 
AIM 65/40 
VO ROM (1) 


Optional AIM 65/40 
High Levet Language ROMs (3) 


B000 


9000 


8000 


7000 


6000 USER AVAILABLE 


5000 


4000 


3000 


2000 


1000 


Optional Languages (3) 


Page Zero Data 


Notes: (1) АМ 65/40 System peripheral ЏО addresses ere assigned to РЕВО - FFDF. 


(2) User availabie during application program operation if the debug and text editor functions are not used. 


FFFF 


F000 


cooo 


8000 


4000 


1000 


(3) User available if the optional language and the RM 65 expaneion module ROMs аге not used. 


Single Board Computer 


ON-BOARD 


PROM/ROM & RAM 


1 ROM & 1/0 
1/0 RDM (1) ак 4 COMMON TO 
BOTH BANKS 
E e 
PROM/ROM 
XPANSION | BANKO on 
р 12K 
Et AN COMMON TO 
BOTH BANKS 
(20K) 
16K 
RAM 
DEDICATED TO 
5 ВАМК 0 ОВ 
RAM COMMON то 
EXPANSION 16K ВОТН BANKS 
132K} (44K) 
RAM 
COMMON TD 
BOTH BANKS 
(ак) 


Connector J1 (Parallel Application) Pin Assignments 


А65/40-1000 


Connector J2 (Serial Application) Pin Assignments 


+12 V/+V. 
GND 
BDMT/ 


Note: "Not used on the SBC. Signal name reflects RM 65 Bus reserved function. 


RS-232C 
RS-232C 
RS-232C 
RS-232C 


RS-232C 


Single Board Computer 


Connector J3 (Audio/TTY) Pin Assignments 


тү» 


ТТУ RTS 
ТТУ тр 
ТТУ АО 
ТТУ АТМ 
AUDIO OUT 
AUDIO IN 
CTRL 2 АТМ 
CTRL 2 
CTRL 1 RTN 
CTRL 1 


Connector J4 (RM 65 Bus) Pin Assignments 


Bottom (Solder Side) 


Signal Name 


Not Connected 
+5 Мас Line (See Note) 
Ground 
Buffered Bank Address 
Ground 
Buffered Address Bit 13 
Buffered Address Bit 11 
Buffered Address Bit 10 
Buffered Address Bit 8 
Ground 
Buffered Address Bit 5 
Buffered Address Bit 3 
Buffered Address Bit 2 
Buffered Address Bit 0 
Ground 
Buffered Set Overflow 
Buffered Ready 
*User Spare 1 
*+12 Мас/+ V 
Ground Line 
*Buffered DMA Terminate 
"User Spare 3 
Buffered Read/Write "Not" 
*System Spare 
Ground 
Buffered Interrupt Request 
Buffered Phase 2 "Мог" Clock 
Buffered Phase 2 Clock 
Buffered Data Bit 7 
Ground 
Buffered Data Bit 4 
Buffered Data Bit 2 
Buffered Data Bit 1 
+5 Vde 
+5 Мас (See Note) 
Not Connected 
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Top (Component Side) 


Signal Name 


Not Connected 
+5 Мас (See Note) 
+5 Мас 
Buffered Address Bit 15 
Buffered Address Bit 14 
Buffered Address Bit 12 
Ground 
Buffered Address Bit 9 
Buffered Address Bit 7 
Buffered Address Bit 6 
Buffered Address Bit 4 
Ground 
Buffered Address Bit 1 
Buffered Phase 1 Clock 
Buffered Sync 

*Buffered DMA Request 1 
Ground 

*—12 Vde/-V 

*User Spare 2 
Buffered Bus Float 

*Buffered External Phase 0 Clock 
Ground 

"ВиНегед DMA Request 2 
Buffered Read/Write 
Buffered Bus Active 
Buffered Non-Maskable Interrupt 
Ground 
Buffered Reset 
Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground 
Buffered Data Bit 0 
Ground 
+5 Vde (See Note) 

Not Connected 


оо ОООО ооо 


A65/40-1000 | Single Board Computer 


Connector J5 (Printer) Pin Assignments 


PAPERFEED (2) 
RES 
STROBE 
Data 7 
Data 6 
Data 5 
Data 4 
Data 3 
Data 2 
Data 1 
Data 0 
NC. 
ACK 


оооооооооо 


ъ= [3 | sw [о] 


PAPERFEED (2) PAPERFEED (2) 
RES RES 
PBO STROBE 

Data 7 

Data 6 

Data 5 


ооооооооооо 


Notes: (1) Maximum +5V current through J6 should not exceed 200 mA per ріп. (2) Connected to J7-39 through jumper W3. 
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А65/40-1000 Single Board Computer 


Connector J7 (Keyboard) Pin Assignments 


Keyboard 


NC/+5V 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GNID 
GND 
GND 
NC/+5V 


1) Pins 2 and 40 can be optionally jumpered to + 5% (maximum current through each pin shouid not exceed 200 mA). 
2) Pin 1 can be optionally jumpered to the RESET circuit or to CB2. 

3) Pin 3 can be optionally jumpered to the NMI circuit or to СВА. 

4) Pin 39 can be optionally jumpered as PAPERFEED or to САТ. 


| 
| 
о 
о 
о 
о 
о 
о 
о 
о 
| 
i 
| 
| 
| 
| 
| 
| 
| 
| 


РАРЕВЕЕЕО 


Notes: 


SPECIFICATIONS 


Value 


Dimensions 
(301 mm) 
(318 mm) 
(19 mm) 
(373 g) 
Environment 
Operating Temperature 0°С to 70°C 
Storage Temperature —25°С to + 85°C 


Relative Humidity 


Power Requirements 


Interface Connector 
J1 (Parallel Application) 


0% to 85% (without condensation) 


+5V +5% Regulated; 2.5A (typical); 3.5A (max.) 


2 Post Terminal Block 


40-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 40-pin 3M #3432-1002, or 
equivalent, mass terminated connector. 

£6-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 25-pin AMP #206584-1, or 
equivalent, mass terminated connector. 

20-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 20-pin 3M 43492-1002 or 
equivalent, mass terminated connector. 

72-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of a 64-pin DIN 41612 
Euroconnector ог 72-pin ТІ Н42-51-11-36, or equivalent, connector to directly mate to one Rockwell RM 65 
module. 

40-pin ЗМ «43495-1002, or equivalent. Mates with ЗМ #3418-0000Т, or equivalent, ribbon cable connector. 
40-ріп ЗМ #3495-2002, or equivalent. Mates with ЗМ #3418-00001, or equivalent, ribbon cable connector. 


J2 (Serial Application) 
J3 (Audio/TTY) 


J4 (RM 65 Expansion) 


J7 (Keyboard) 
45 (Printer) and 
J6 (Keyboard) 


Power requirements are specified for 8 PROM/ROM devices (32K bytes) 0.6A (typical) and 1.2A (maximurn), and for 16 RAM devices (32K 
bytes) with total 0.9A and 1.7A (maximum) total, installed. 
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Single Board Computer 


PARALLEL 1/0 15-2326 AUDIOITTY 
CONNECTOR 41} CONNECTOR 442) 


R6522 
VIA 


PROM/ROM 
SELECT 
SWITCHES 


BANK 
SELECT 
JUMPERS 


WRITE 
PROTECT 
SWITCHES 


RM 65 BUS 
"APPLICATION 
АСА 
‘APPLICATION 
VIA 
SYSTEM 
VIA 
KEYBOARO 
МА 
WRITE 
PROTECT 


EXPANSION 


CONNECTOR 143) CONNECTOR (ја) 


RM 65 BUS 
EXPANSION 
DRIVERS 


SYSTEM 
APPLICATION | | APPLICATION A A 

CIA МА 
< ==] о suweces 


БУБТЕМ 
BUS 
BUFFERS. 


DN-BDARD 
DEVICE 


DECODER 
DYNAMIC 


RAM 
{UP TD зак) 


SINGLE 
STEP 
CIRCUIT 


INTERRUPT 
PRIORITY 
HEADER 


PROM/ROM 
SIZE 
JUMPERS 


INTERAUPT 
PRIDRITY 
MASK 


ЗЕ i i i 


YOLTAGE 
CONVERTER 


РЯ SYSTEM KEYBOARD SPEAKER 
CASSETTE R6622 R6622 AMPLIFIER 


INTERFACE 


PRINTER DISPLAY KEYBDARD 
CONNECTOR (18) CONNECTOR (6) CONNECTOR (27 


ЕЕ 


A65/40-1000 Single Board Computer (SBC) Diagram 
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DESCRIPTION 


The AIM 65/40 Power Supply and Cable is an open frame DC 
power supply with output cable for connection to an AIM 65/40 
Microcomputer. The power supply provides sufficient power for 
full on-board RAM and PROM/ROM expansion as well as off- 
board RM65 expansion modules, e.g., RM 65 Floppy Disk Con- 
troller (FDC) module (RM65-5101E) and RM 65 Multifunction 
Peripheral Interface (МР!) module (RM65-5223E). The +24%/ 
4A output supplies power to the AIM 65/40 Graphics Printer. 
The +12V and —5V outputs are not used by the AIM 65/40 
Microcomputer, but are available for expansion module use. 


AC power connects to an input terminal strip. A jumper on the 
power supply can be positioned for either 115 or 230 Vac input. 
An input fuse (5A for 115 Vac or 3A for 230 Vac) provides line 
protection. The 3-wire DC output cable, factory connected to the 
power supply output terminals, allows direct connection to the 
AIM 65/40 input power terminals. 


All outputs are current limited to prevent damage to the power 
supply if the outputs are overloaded or accidentally shorted 
together. Full power output is provided from 0° to 50°C. 


AIM 65/40 POWER SUPPLY AND CABLE 


A65/40-0004 
A65/40 Microcomputer Family 


A65/40-0004 


FEATURES 


Dual AC input voltage 

— 115 Vac @ 47-63 Hz or 

— 230 Vac @ 47-63 Hz 

Five DC output voltages 

— +5М for AIM 65/40 Microcomputer logic 

— +24М for AIM 65/40 Graphics Printer 

— +12\, —12\ and —5V for expansion modules 
Fused input 

75% minimum efficiency 

All outputs current limited 

No 60 Hz EMI 

Meets FCC/VDE RFI requirements 

Soft start —Minimizes input current surge at turn-on 
No tum on or turn off overshoot 

DC output cable included 


ORDERING INFORMATION 


Part No. Description 
А65/40-0004 АМ 65/40 Power Supply and Cable 


A65/40-0004 Power Supply 


Document No. 29001D27 


Data Sheet Order No. D127 
April 1983 


А65/40-0004 АМ 65/40 Power Supply and Cable 
SPECIFICATIONS 


Hok Up Time 16 ms min. at nominal line input with 
full load output 


0°С to 50°С full rating, derated 2% 
per °С linearly from 50°С to 70°С. 


115/230 Vac = 10%, 47-63 Hz 


Total Output Power 
+5 Vdc 


150 W max. 
20.0A max. 


Temperature Range 


+24 Мас 4.0А ave. тах., 8.0A peak Dimension 
+12 Vde 1.5A max. ensons А 
А 10.50 in. (266.7 mm) 
-12 Мас 1.0А тах. Я 
25 Vde OSA ria B 5.00 in. (127.0 mm) 
E ; с 2.50 іп. (63.5 тт) 
Output Accuracy" D 3.90 in. (99.0 mm) 
+5V output Adjustable +5% Е 0.30 in. (7.6 тт) 
Other outputs +5% max. F 8.90 In. (226.0 mm) 
z 1 G 0.38 in. (9.6 mm 
Static Regulation H 162 in 411 m, ) 
Line +1% all output J 025 in. (6.4 mm) 
Load 20% to 100% max. rated load у anl 
+5V output +1% max K 10.00 in. (254.0 mm) 
к L 12.5 in. (317.5 mm) 
Other outputs +3% max. M 8-32 THD. (4) 
Ripple and Noise 0.2% RMS N 0.156 in. (3.96 mm) DIA. (4) 


Temperature Coefficients 0.02%/°C Output Cable 


Length 12 in. (304.8 mm) 
Overshoot No tum on or tum off overshoot Type 3-wire jacketed with internal balun 
Overload Protection Current limit protection on all Gauge 20 AWG 
outputs Termination Tinned leads 
Routed Outputs +5V, +24V and COM 


Overvoltage Protection All outputs protected against power 


supply induced overvoltage. 


Holds full rated regulation to 85/170 
Vac 


Brownout Protection 


Note: 
*Referenced to nominal input voltage at 60% load оп all outputs with +5V output set to +5.00V. 


M DTP тамен were ос отл 
плевы. CANE ATTACHED 
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OVERVIEW 


The A65/40-0200 and A65/40-0210 keyboard subassemblies 
are one of the hardware options available for the AIM 65/40 
Microcomputer family. 


The A65/40-0200 Standard Keyboard is a full-size ASCII key- 
board. The 57 main keys provide the complete set of 128 ASCII 
printable and control characters. Eight separate function keys, 
located above the main keyboard, support user-defined pro- 
cesses. Separate ATTN and RESET keys allow user-defined 
interrupt processing and computer initialization. An industry 
standard, NMOS parallel interface can be used to connect the 
keyboard to a Rockwell AIM 65/40 Single-Board Computer 
(SBC), Rockwell RM 65 board-level products, or to other 
computers. 


The A65/40-0210 Extended Keyboard has all of the above fea- 
tures, plus an industry standard numeric keyboard and cursor 
control key 


A65/40-0200 AND A65/40-0210 
AIM 65/40 STANDARD 
AND EXTENDED KEYBOARDS 


А65/40-0200, -0210 
AIM 65/40 Microcomputer Family 


FEATURES 


e Full-size, terminal-style keyboard 


64 keys within an 8 x 9 matrix support the ASCII character 
set: 


— Alphanumerics 

— Punctuation 

— Special symbols 

—PRINT 

— Eight special functions 

—Locking ALL CAPS 

Separate RESET, ATTN, and PAPER FEED keys 

Extended keyboard has 15 additional keys; 10 numeric, dec- 

imal point arid 4 cursor control keys 

No active components ensures long life 

e Keyboard interface connector compatible with AIM 65/40 SBC 
or RM 65 Parallel Application connectors 


A65/40-0200 Standard Keyboard 


A65/40-0210 Extended Keyboard 


Document No. 29000D74 


Data Sheet Order No. D74 
Rev. 1, August 1983 


A65/40-0200, -0210 


AIM 65/40 Standard and Extended Keyboards 


FUNCTIONAL DESCRIPTION 


The AIM 65/40 Keyboard assembly is a terminal-style alpha- 
numeric keyboard which interfaces to a host computer through 
a parallel interface. The keyboard contains 66 momentary con- 
tact single pole single throw (SPST) keys and one locking SPST 
key. 


The keyboard has a complement of 63 momentary contact keys 
in an 8 х 9 matrix; with nine positions unused. An ALL CAPS 
locking key is also in this matrix. To decode keys within the 
matrix, the AIM 65/40 software places a logic 0 on one of the 
nine strobe lines of the matrix. By reading the eight return lines, 
any key(s) down on that strobe row can be distinguished. 
Repeating this process for each of the nine strobe rows gives 


KEYBOARD 
INTERFACE 
CONNECTOR 


RESET AND 
RETURN 


ATTENTION 
AND RETURN 


PAPER FEED 
AND RETURN 


MATRIX STROBES (9) 


MATRIX RETURNS (8) 


MAIN KEYBOARD KEYS (57) 
PAPER FEED OTHERS 


an image of the entire keyboard matrix. Three momentary con- 
tact keys—RESET, ATTN, and PAPER FEED are outside of the 
keyboard matrix. 


All keyboard strobe and return lines are brought out to a 40-pin 
keyboard interface connector, which allows direct connection to 
an AIM 65/40 SBC or any RM 65 modules with the parallel 
peripheral connector. 


The added keys on the Extended Keyboard control 15 additional 
momentary contact SPST switches, which are included in the 
8 х 9 switch matrix. The 11 numeric and decimal switches are 
connected in parallel with their counterparts on the main key- 
board. The four cursor control switches are added positions in 
the matrix which are not included in the Standard Keyboard. 


+ NUMERIC 1 
FUNCTION KEYS | KEYBOARD | 
LÀ 


E a ae 


Ht 
15 
tt 
11 
Ht 
11 
NI 


KEYBOARD SWITCH 
MATRIX 


* EXTENDED KEYBOARD ONLY 


Keyboard Functional Block Diagram 


Connector P1 (System Interface) Pin Assignments 


Notes: 


GND (1) 
GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

GND (1) 

RES RET 

ATTN RET 
PAPER FEED RET 
NC 


(1) Odd-numbered pins 9 through 37 are connected together on the keyboard and should be connected to GND on the interfacing equipment. 
(2) The pin number assignments are reversed from the AIM 65/40 SBC, to provide a one-to-one signal routing through a 40-conductor ribbon 


cabie. 
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CONNECTOR 21 (2) 
Ежепдед 


Keyboard Schematic 


SPECIFICATIONS 


Dimensions 


Width 
Length 
Height 


Value 
Standard 


11.85 in. (301 mm) 
5.25 in. (133 mm) 
1.25 in. ( 32 mm) 


1 Ib. 8 oz. 


Extended 


15.35 iri. (390 mm) 
5.25 in. (133 mm) 
1.25 in. ( 32 mm) 


1 lb. 12 02. 


Environment 


orc to 50°C 
—40*C to 55°C 
0% to 95% (without condensation) 


Operating Temperature 
Storage Temperature 
Relative Humidity 


Interface Connector 


40-pin 3M #3495-1002, or equivalent, receptacle. Mates with 3M 
#3418-0000T, or equivalent ribbon cable connector. 
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.166 DIA 
4HOLES 


11.85 + 06 


TOLERANCES 
XX = +03 Standard 


XXX = 4.010 


„166 DIA 
6 HOLES 
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11. 3.50 REF 
.200 А 
15.35 + .06 


TOLERANCES 
XX = +.03 
XXX = 4.010 


Extended 


Keyboard Dimensions 
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ОМЕНМЕМ/ 


The Аб5/40-0400 40-Character Display is one of the hardware 
options available for the AIM 65/40 Microcomputer family. 


The 40-Character Alphanumeric Display is a free-standing 
subassembly consisting of a vacuum fluorescent display and a 
Microprocessor based controller. With its integral controller, 
operation is completely automatic—including display refresh. 
Connecting to a host computer over parallel interface with Cen- 
tronics-compatible protocol, command and data are transferred 
in a handshaking manner. 


The sealed vacuum fluorescent display includes 40 bright, crisp, 
16-segment digits. The blue-green characters are easily read- 
able in almost any working environment—from office to factory. 


Firmware functions in the controller augment basic communi- 
cation and display updating with a variety of editing functions 
and display enhancements to increase its usability. The full 40- 
characters, coupled with programmable eye-catching tech- 
niques, such as variable rate character blinking and auto-scrolling, 
allow meaningful and important messages to be displayed, 
detected and understood—in factory, office, laboratory and 
classroom applications. 


Installation in a wide variety of racks, cabinets, enclosures, and 
front panels is easy due to its straightforward construction and 
standard interface. The display can be connected directly to the 
Rockwell A65/40-1000 Single Board Computer (SBC), to Rock- 
well RM 65-1000E SBC module or RM65-5222E GPIO and 
Timer module, or other compatible equipment, through an inter- 
connecting cable. 


A65/40-0400 
AIM 65/40 40-CHARACTER DISPLAY 


A65/40-0400 
AIM 65/40 Microcomputer Family 


FEATURES 


e Intelligent controller 
— Independent operation 
—Centronics type handshake interface 
— Separate character font/program ROM 
e 40-сћагасјег display 
— Vacuum fluorescent 
—Easy-to-read 16-segment digits 
— Clear, bright blue-green color 
— Fast response 
—Long life 
196 characters 
— Upper case alphabetics with lower case notation 
—Numbers 
—Math symbols 
— Special characters 
Variable display parameters 
—Auto-scroll rate 
— Character blinking 
--Сһагасіег blink rate 
— Cursor blink rate 
internal editing functions 
—80-character line buffer 
—Insert/delete character 
—Right/left cursor control 
—Transmit edited line to host 
Display self-test 
+5V Operation 


А65/40-0400 40-Character Display 
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A65/40-0400 


40-Character Display 


FUNCTIONAL DESCRIPTION 


The 40-Character Display contains a vacuum fluorescent dis- 
play, а microprocessor based controller, clock, a 2K-byte char- 
acter font/program ROM, character and segment drivers, and 
a DC/DC power converter. 


The vacuum fluorescent display is a single sealed unit con- 
taining 40 separately controllable digits. Each digit is composed 
of a 16-segment font which allows a full set of upper case alpha- 
betics, numerics, and special characters to be displayed. In the 
semi-graphics mode, the 16 segments of each digit are individ- 
ually controlled. In addition, each digit includes a separate dec- 
imal point. When energized, the digits form blue-green color 
characters. The unit comes with a smoked, neutral filter lens 
cover the display, but other custom lens filters can be used to 
change the display color to meet unique installation requirements. 


The display controller includes ап R6504 CPU, RAM, VO, timer, 
clock and reset circuitry. The 2K byte ROM contains both the 
CPU controller instructions and the individual character segment 
patterns. This ROM can be replaced by another PROM or ROM 


to provide a custom character set. The controller performs all 
communications interfacing, display refreshing, and control 
functions—enabling the display to operate independently from 
the host computer. 


All data and control commands are transmitted to the display 
over the Centronics-type parallel handshake interface. An internal 
buffer allows up to 80 characters to be received by the display; 
the display scrolls after the 40th character is received. There 
are character editing commands such as insert and delete, as 
well as transmit buffer, which sends an edited line back to the 
host computer. There are also display enhancement features 
such as auto-scroll which allows the display buffer to be contin- 
uously circulated, at a selected rate, and blinking characters. 


The two-post terminal block provides +5\ for the controller and 
for the on-board DC/DC Converter, which generates the addi- 
tional voltages required by the fluorescent display. The +5V 
can, alternatively, be routed through the interface connector. 


Display Control Commands 


Hex Control Hex Control 
Code Character Description Code Character Description 


Clear Line 

Clear to End of Line 
Clear Line 

Clear to End of Line 
Clear Line 

Clear to End of Line 
* 

Backspace (=) 
Horizontal Tab (->) 
Warm Reset 

Warm Reset 

Warm Reset 

(Home on Line) 
(Home on Line) 
Carriage Return (Home on Line) 


Pass Through Next Character 
* 

* 

Toggle Insert Character Mode 
Delete One Character 


Display Cursor 

Blank Cursor 

Warm Reset 

Cold Reset 

Escape Command (ESC) 


* 


* 
* 
* 


"Characters with no indicated function are acknowledged, but do not otherwise affect display operation. 
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40 CHARACTER 
FLUORESCENT DISPLAY 


CHARACTER 
DRIVERS 


SEGMENT 
DRIVERS 


DISPLAY 
INTERFACE 
CONNECTOR 
(J1) 


DATA (8) 


CHARACTER 


STROBE FONT/ 
DISPLAY CONTROLLER 
ACK PROGRAM 
ROM 


BUSY 
RES 


POWER 
CONNECTOR 
(TB1) 


DC/DC 


IAM POWER 


CONVERTER 


40-Character Display Block Diagram 
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Display Escape Commands 


Character Sequence |_______ Faelon __/ 


ESCA Auto-Scroll Display 


Hex Code 
1B 41 


1B 45. ESCExyz Set Environment (1) 
1B 47 ESCG Enter Graphics Mode 
1B 49 ESCI Select/Deselect Display (toggle) 
18 54 ESCT Perform Self-Test 
18 58 42 ESC XL Transmit Line 
1B 3D ESC = ху Position Cursor (2) 
ESC W Set Window Position 


ESC X Transmit Display Line 


Notes: 


(1) Set Environment Sequence: 
Hex Code Character Sequence Function 
41 ХХ A (Attribute) Set Bit-7 Attributes 
42 YY ZZ B (On) (Off) Set Blinking Character Rate 
43 YY ZZ C (On) (Off) Set Blinking Cursor Rate 
52 XX R (Rate) Set Auto-Scroll Rate 
53 XX S (Character) Set the Cursor Character 


(2) The Position Cursor sequence requires two additional characters. The first (y) is ignored. The second (x) becomes the new cursor position. 


Connector J1 (Interface) Pin Assignments 


Note: *+5\ on pins 1 and 40 can be disconnected by a jumper. 
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A65/40-0400 40-Character Display 


Data Transfer Timing Characteristics 


Parameter 


Data Set-Up Time 
Data Hold Time 
Strobe Pulse Width Time 


Processing Time 
Acknowledge Width 
Strobe-to-Busy Time 
Acknowledge-to-Busy Time 


Note: t, t; = 10 to 30 ns 


Data Transfer Waveforms 
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А65/40-0400 40-Character Display 


SPECIFICATIONS 


Dimensions 


Width 11.85 in. (301 mm) 
Height" 3.6 іп. (91 mm) 
Бери“ 1.5 м. (38 тт) 


Digit Dimensions 
Height 0.24 іп. (6 mm) 
Width 0.12 in. (3 mm) 


тэ 25% Нод OBA Уа TOA TTEN 


Environment 
Operating Temperature 
Storage Temperature 

Relative Humidity 


0°С to 50°C 
—55°С to + 80°C 
0% to 95% (without condensation) 


4 


Interface Connector 40-pin 3M #3495-1002, or equivalent, connector. Mates with 3M 


#3418-0000T, or equivalent, ribbon cable connector. 


Power Connector Two-post terminal block 


Note: “Dimensions do not include mounting brackets. 


NMOS Interface (Input Voltage = +5.0V, TA = 25°C) 


Input High Voltage 

Input Low Voitage 

Input High Current 

(Vin = 2.4V) 

Input Low Current 

(Vit = 0.4A) 

Output High Voltage 

(оло = —100A) 

Output Low Voltage 

(lioap = -3 mA) 

Output High Current (Sourcing) 
(Мон > 2.4V) 

Output Low Current (Sinking) 
(Vo, = 0.4V) 
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A65/40-0600 


AIM 65/40 GRAPHICS PRINTER 


Rockwell 


OVERVIEW 


The A65/40-0600 Graphics Printer is one of the hardware options 
available for the AIM 65/40 Microcomputer Family. 


The Graphics Printer is a microprocessor-controlled dot matrix 
thermal printer, with a 4K byte character font/program ROM, 
and a paper feed switch. In the test mode, up to 40 characters 
can be printed using 7 x 8 dot matrix characters. In the graphics 
mode, all 280 horizontal dot positions on a row are individually 
controlled, and any number of rows may be printed. 


The printer mechanism includes a thermal head, platen, motor, 
drive linkage and associated wiring. There are 40 thermal ele- 
ments on the thermal head, each of which spans seven dot 
fields. Each element is a discrete point which rides against heat 
sensitive paper. During a print cycle, the thermal head moves 
horizontally across the paper. Control logic turns on the thermal 
head drivers to heat the sensitized paper when a dot is to be 
printed. When an entire row of dots has been printed, the printer 
motor advances the platen by one horizontal row of dots. 


The printer controller includes an R6504 CPU, ВАМ, I/O, timer, 
clock and reset circuitry. The 4K byte ROM contains both the 
CPU instructions and the individual character bit patterns. The 
ROM is socketed, and can be replaced by a user-supplied 
PROM or ROM, to provide a custom character set. The con- 


A65/40-0600 Graphics Printer 


troller performs printer motor and thermal head timing and con- 
trol functions, to enable the printer to operate independently 
from the host computer. Further, the controller handles the com- 
munications interface, and processes the commands and data 
to be printed. 


Data and control commands are transmitted to the printer over 
the Centronics type parallel handshake interface. An internal 
buffer accepts up to 80 characters for printing. The controller 
automatically prints the first 40 characters in the text mode or 
after receiving each row of 280 dots in the graphics mode. The 
paper can also be advanced with a paper feed command, or 
manually, using the paper feed switch. 


A three-post terminal block connects to +5V, +24V and GND. 
The +5V supplies the control circuitry while the +24V powers 
the motor and thermal head drivers. On-board potentiometers 
allow motor speed and dot print intensity to be manually adjusted. 


FEATURES 


e Intelligent controller 
— Independent operation 
— User command flexibility 
—Centronics type handshake interface 
— Separate character font/program ROM 
e 40-column text/semi-graphics 
— 256 character set 
— Upper and lower case alphabetics 
—Numbers including superscripts and subscripts 
— Math symbols 
— European and Greek characters 
e Full graphics capability 
— 280 dot X n 
— Individual dot control 
— Print complex wave forms and digitized photographs 
Fast—240 lines per minute 
Quiet, thermal operation 
User alterable dot timing 
Printer self-test 
Requires only +5V and +24V 
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A65/40-0600 


Printer Control Commands 


Hex 
Character Description Code 


Clear Line 

Clear to End af Line 
Clear Line 

Clear to End of Line 
Clear Line 

Clear to End с! Line 
* 

Backspace (<) 
Horizontal Tab (->) 
Line Feed (|) 

Line Feed (|) 

Form Feed 

(Home on Line) 
(Home on Line) 
Carriage Return (Home on Line) 


Character 


Hex 
Code 
00 


Note: "These characters are acknowledged, but do not otherwise affect printer operation. 


Printer Escape Commands 


Character Sequence 


Notes: 


(2) Set Environment Sequence: 


Hex Code Character Sequence 
41 XX A (Attribute) 

47 XX G (Length) 

50 XX P (Length) 

54 XX T (Time) 
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AIM 65/40 Graphics Printer 


Description 


Pass Through Next Character 


* 


* 
Toggle Insert Character Mode 
Delete One Character 


* 


* 
Turn Cursor On 
Turn Cursor Off 
Cold Reset 
Warm Reset 
Escape Command (ESC) 
Print Buffer Without Clear 
Print Display Image (Window) 
Paper Feed 


* 


Function 


Position Cursor (1) 

Set Environment (2) 

Enter Graphics Mode 
Transmit Character Definition 
Perform Self-Test 


(1) The Position Cursor sequence requires two additional characters. The first (y) is ignored. The second (x) becomes the new cursor position. 


Function 


Set Bit 7 Attributes 

Set Gap Between Pages 
Set Page Length 

Set Dot Print Time 


А65/40-0600 АМ 65/40 Graphics Printer 


Data Transfer Timing 


Data Set-up Time 

Data Hold Time 

Strobe Pulse Width Time 
Processing Time (non-printing) 


Processing Time (printing) 
Acknowledge Pulse Width Time 
Strobe-to-Busy Time 
Acknowledge-to-Busy Time 


Note: 1, {+ = 10 to 30 ns 


STROBE 


Data Transfer Waveforms 
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SPECIFICATIONS 
Dimensions 
7.6 in. (193 rnm) 
6.3 in. (160 mm) 
3.0 in. (77 mm) 
1.0 Ib. (0.45 kg) 
Environment 
Operating Temperature 0°С to 50°С 
Storage Temperature 0° to 70°C 
Relative Humidity 0% to 85% (without condensation) 


+5V +5% Regulated, 0.3A (typical); 0.4A (max.); 0.4 (peak) 
+24V (+3.6V, —2.6V) Unregulated, 2.5A (typical); 4.0A (max.); 6.3* (peak) 


Power Requirements 


Interface Connector 40-pin 3M#3495-1002, or equivalent, receptacle. Mates with ЗМ 
#3418-0000T, or equivalent, ribbon cable connector. 


Power Connector 3-post terminal block 


Note: *+24V peak current specified as worst case with printer duty cycle of 75%. For most cases, a +24\ 4A power supply is sufficient. 


Connector J4 (System Interface) Pin Assignments 
Signal 


NC 
GND 
GND 
GND 
GND 
GND 
BUSY $ амо 
PAPER FEED GND 
RES GND 
STROBE s GND 
Data 7 GND 
Data 6 GND 
Data 5 GND 
Data 4 GND 
Data 3 GND 
Data 2 GND 
Data 1 GND 
Data 0 GND 
NC GND 
АСК +5V 


Note: "Power on pin 1 and 40 can be disconnected from this connector with on-board jumpers. 
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NMOS Interface (input Voltage = +5.0\, TA = 25°С) 


Input High Voltage 

Input Low Voltage 

Input High Current 

(Vin = 2.4У) 

Input Low Current 

(Му = 0.4A) 

Output High Voltage 

(lioap = —100A) 

Output Low Voltage 

(оло = —3 mA) 

Output High Current (Sourcing) 
(Мон = 2.4V) 

Output Low Current (Sinking) 
(Мо, = 0.4У) 
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Printer Self-Test 


8-47 


A65/40-0600 AIM 65/40 Graphics Printer 


Character Set 
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AIM 65/40-0800 


VIDEO DISPLAY CONTROLLER 


(VDC) MODULE 


OVERVIEW 


The A65/40-0800 Video Display Controller (VDC) module inter- 
faces the A65/40-1000 Rockwell AIM 65/40 Single Board Com- 
puter, RM65-1000 Single Board Computer or RM65-5223 Multi- 
Function Peripheral Interface module, or any other host com- 
puter with an industry compatible Centronics-type parallel inter- 
face, to а САТ monitor or TV receiver. The МОС module outputs 
an NTSC compatible composite video on one connector and 
separate HSYNC, VSYNC and VIDEO signals at TTL levels on 
another connector for convenient CRT interfacing. 


With its integral microcomputer controller, built-in commands 
provide selectable and programmable screen formatting, flex- 
ible text handling and editing, and full graphics drawing and data 
display functions. These CRT-oriented functions extend the use 
of the AIM 65/40 microcomputer into new man-machine appli- 
cations in the factory, office, laboratory and classroom. 


In the text mode, preprogrammed formats of 80 characters х 
24 lines or 40 characters x 24 lines are selectable. Other for- 
mats are user programmable. Eight pages of text are available 
(in the 80 x 24 format) with automatic page sizing for other for- 
mats. The 4K-byte character generator ROM contains bit pat- 
terns for 256 different characters in a 7 x 10 dot matrix field. 
Standard characters include upper- and lower-case alphabetics, 
numerals (including subscripts and superscripts), math and 
Greek symbols, common European letters, and semigraphic 
characters, 


The full graphics mode incorporates bit mapping of 280 x 224 
pixels, which is compatible with the Rockwell AIM 65/40 Graphics 
Printer (A65/40-0600). Line drawing commands move a pen 
and draw or erase lines using either relative or absolute position 
reference. Data byte capability allows individual dots to бе con- 
trolled using a 40 bytes per dot line format (seven dots per 
byte). In addition, the entire screen display data can be trans- 
mitted to the host computer. 


A65/40-0800 VDC Module 


FEATURES 


Independent Intelligent Controller 

—6502 CPU Based 

—Centronics-type Parallel Handshake Interface 

— 4K-byte Program ROM 

—4K-byte Character ROM 

—16K-bytes of Refresh RAM 

Flexible Text Mode Operation 

—Selectable 80 or 40 Columns x 24 Lines 

— Other Screen Formats Programmable 

— Multiple Text Pages 

— Cursor Movement and Positioning 

— Character and Line Editing 

— Line, Page, and Buffer Contro! 

— Inverse Video on a Character Basis 

256 Character ROM 

— Upper- and Lower-case Alphabetics 
-—Numerals Including Subscripts and Superscripts 
— Math Symbols 

— European and Greek Letters 

— Зетюгар с Symbols 

Full Graphics Mode 

— 280 x 224 Pixels Resolution 

—Line Drawing Functions 

—!ndividual Bit Map Control 

—Transmit Screen to Host 

Two Video Output Formats 

— Separate VIDEO, HSYNC and VSYNC TTL Signals 
—NTSC or European Compatible Composite VIDEO Signal 
Self-Test 

+5V Operation 


SELF-TEST 


A self-test function tests the microcomputer RAM, calculates and 
displays the program ROM check-sum, and displays all the 
characters generated by the Character Generator ROM. 


Document No. 29000D86 


8-49 


Data Sheet Order No. D86 
Rev. 1, August 1983 


А65/40-0800 


FUNCTIONAL DESCRIPTION 


The A65/40-0800 VDC module consists of four major sections: 
e Microcomputer Section 

® CRT Section 

e Oscillator 

e DC/DC Power Converter 


The microcomputer section consists of a R6502 Central Pro- 
cessing Unit (CPU), R6532 RAM, Input/Output and Timer (RIOT), 
a 4K-byte R2332 program ROM, address decoder, reset timer 
and associated support circuitry. The CPU also has major inter- 
faces with the R6545-1 CRT Controller (CRTC) and the refresh 
RAM (through address multiplexers) in the CRT section. Internal 
data, address and control bus lines interconnect these devices 
within the VDC module. 


The CPU controls the transfer of data received from the host 
computer оп data lines 00-07 through the RIOT onto internal 
data bus lines. If the data is a command, the CPU performs the 
associated processing and sends appropriate commands to the 
R6545-1 CRTC. Display data is passed from the CPU onto the 
refresh RAM for subsequent display as text or graphics. 


The 4K-byte Program ROM contains the CPU program instruc- 
tions which implement the control and escape commands. This 
ROM can be replaced with a compatible 4K- or 8K-byte PROM/ 
ROM device for custom applications. 


The R6532 RIOT supplies the RAM and ИО required for CPU 
control. Eight of the 16 VO port lines interface the data I/O lines 
while two lines service the STROBE and АСК signals at the 
connector J1 interface. Five other lines (80/40 characters/line, 
normal/inverse video, display mode, blanking and DISPLAY 
ENABLE) interface with the CRT section. 


The САТ section consists of the R6545-1 CRTC and other logic 
to generate, combine and output the video signal. The R6545- 
1 CRTC provides the interface between the CPU and the rest 
ofthe CRT section. The CRTC generates refresh RAM addresses 
and character generator row addresses to allow text or graphics 
data to be accessed from the refresh RAM for converting to 
video format. 


The CRTC operation is controlled by the contents of 16 internal 
registers which specify such screen format characteristics as 
the number of total and displayed horizontal characters, hori- 
zontal sync position, VSYNC and HSYNC pulse widths, number 
of total and displayed vertical rows, and the number of scan 
lines per character. In addition, the cursor position address and 
the display start address in the refresh RAM are programmable 
as are the cursor character start and stop scan lines. 
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AIM 65/40 VDC Module 


Eight 4116 16K x 1 dynamic RAM devices comprise the 16K- 
byte refresh RAM. This RAM is accessed by both the CPU and 
the CRTC through address multiplexers. Separate address lines 
from the CPU and from the CRTC are connected to the multi- 
plexers which in turn output the ВАМ address lines to access 
the refresh RAM. An additional 16K x 1 RAM device stores the 
normal/inverse status for each text character. 


During the display trace, the CRT addresses the refresh RAM 
to output the text characters or graphics data on the RAM data 
output lines. DATA is retrieved from the RAM at the 1.714 MHz 
clock rate during 80 column text mode and at 0.857 MHz in the 
40 column text mode and in the graphics mcde. The data from 
the RAM is latched for text or graphics output. 


In the text mode, the АЗСИ character codes on the latched 
refresh RAM data output lines form the character address to the 
character generator ROM. During text display, the bit patterns 
corresponding the ASCII characters are output on ROM data 
lines to the text parallel-to-serial converter which then shifts the 
data out serially to the video combining circuit. 


In the graphics mode, each byte in the refresh RAM contains 
a dot pattern rather than a character ASCII code. The bit pat- 
terns on the latched refresh RAM output data are loaded directly 
into the graphics parallel-to-serial converter which then shifts 
the data out serially to the video combining circuit. 


The selected text or graphics serial data is combined with the 
CURSOR signal, the BLANK signal and the character INVERSE 
signal. 


This merged video signal is then converted to TTL level and 
touted to connector J3 as the separate video signal. The VSYNC 
and HSYNC outputs from the CRTC are routed through drivers 
to the same connector. 


The driven VSYNC and HSYNC signals are погеа to produce 
the combined SYNC signal. The SYNC signal is then combined 
with the merged video signal, coriverted to NTSC format and 
routed to connector J2 as the composite video signal. Trimmer 
potentiometers allow adjustment of the contrast and brightness 
levels. 


The VDC module operates on --5У provided either from the host 
computer through connector J1 or from a terminal block (TB1) 
connection. -- 12V and —5V are generated cn-board by a DC/ 
DC power converter. Optional connections on ТВі also allow 
+12V and —5V to be provided externally. 


АМ 65/40 VDC Module 
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А65/40-0800 АМ 65/40 VDC Module 


SPECIFICATIONS 


Value 


Parameter 


Outside Dimensions 
Width 
Height" 
Depth* 
Component Height 
Lead Protrusion 


11.85 in. (301 mm) 
4.9 in. (124 mm) 
0.6 in. (14 mm) 
0.4in. (10mm) 

0.1in. (2.5 mm) 


(270 g) 


Environment 
Operating Temperature 
Storage Temperature 

Relative Humidity 


0°C to 70°C 
—55°С to +85°С 
0% to 85% (without condensation) 


Power Requirements 
Internally Generated +12V and -5У 
Externally Supplied +12V and —5V 


+5V +5% Regulated—0.85 A (typical); 1.5А (тах.) 

+5V +5% Regulated—0.5 A (typical); 1.2A (max.) 

+12V +5% Regulated—200 mA (typical); 315 mA (max.) 
-5У +5% Regulated—1.4 mA (typical); 1.8 mA (max.) 


interface Connection 
Host Computer 40-pin 3M #3495-1002, or equivalent, connector. Mates with 3M #3417-6040, 
or equivalent, ribbon cable connector 
6-pin right angle connector. Mates with AMP 87159-6, or equivalent, connector 
(supplied with module) 
Single conductor screw-on right angle coaxial connector. Mates with Sealectro 
50-024-0000, or equivalent, connector (supplied with module) 
Four-post terminal block (+5V, + 12V, —5V, and GND) 


Separate Video 


Composite Video 


Power Connector 


Note: “Dimensions do not include mounting brackets. 


NMOS Interface (Input Voltage = +5.0V, TA =: 25°C) 


Input High Voltage 

Input Low Voltage 

input High Current 

(Мн = 2.4V) 

Input Low Current 

Ми = 0.4У) 

Output High Voltage 

(I LOAD = —100 мА) 

(I LOAD = ~3 mA) 

Output Low Voltage 

(I LOAD x 1.6 mA) 

Output High Current (Sourcing) 
(Мон = 2.4V) 

Output Low Current (Sinking) 
(Vo, < 0.4V) 
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A65/40-0800 AIM 65/40 VDC Module 


Connector J1 (Interface) Pin Assignments 


Data Set-Up Time 

Data Hold Time 

Strobe Pulse Width Time 
Processing Time 
Acknowledge Width 
Strobe-to-Busy Time 
Acknowledge-to-Busy Time 


Note: t,, t; = 10 to 30 ns 


Data Transfer Waveforms 
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А65/40-0800 АМ 65/40 МОС Моаше 


Video Display Control Commands 


Hex Controi Control 
Code Character Description Character Description 


CTRL P Pass Through Next Character 
Clear Line CTRLQ Next Page 
Clear to End of Line CTRLR Previous Page 
Clear Page CTRLS Toggle Insert Character Mode 
Clear to End of Page CTRL T Delete One Character 
Clear Buffer CTRL U insert One Line 
Clear to End of Buffer CTRL V Delete One Line 
t CTRL W Display Cursor 
Cursor Left (Backspace) CTRL X Blank Cursor 
Cursor Right (Horizontal Tab) CTRL У Cold Reset 
Cursor Down (Line Feed) CTRL 2 Warm Reset 
Cursor Up (Vertical Tab) CTRL[ Escape Command (ESC) 
Next Page (Form Feed) CTRL\ Cursor Down (Line Feed) 
Home on Line (Carriage Return) CTRL] Home Cursor on Last Line 
Home on Page СТАЛ Cursor Up (Vertical Tab) 
Home on Buffer CTRL _ ^ 


Note: "Characters with no indicated function are acknowledged, but do not otherwise affect display operation. 


Video Display Escape Commands 


Character Sequence Function 


1B3D ESC = YX Position Cursor 

1B 45 ESCEXYZ Set Environment 

18 45 44 ХХ ESC E D (Character) Set Blanking Character 
1B 45 45 XX YY ESC E E (Register) (Value) Set CRTC Register 

1B 45 4D XX ESC E M (Mode) Set Display Mode 

1B 47 ESC G Enter Graphics Mode 
1B 49 ESC! Select/Deselect Display 
1B 4C 42 ESCLB Lock Buffer Bottom 

1B 4C 54 ESCLT Lock Buffer Top 

1B 52 ESCR Toggle Reverse Video 
1B 54 ESCT Perform Self Test 

1B 55 42 ESCUB Unlock Buffer Bottom 
1B 55 54 ESC UT Unlock Buffer Top 

1B 58 4C ESC XL Transmit Line 

1B 5850 ESCXP Transmit Page 

1B 58 42 ESCXB 


Transmit Buffer 


Video Display Graphics Commands 


Control Character ASCII Code Function 


Move Absolute 
Draw Absolute 
Erase Ablolute 
Move Relative 
Draw Relative 
Erase Relative 
Clear Screen 
Home Pen 
Dump Graphics Buffer 
Position Byte Cursor 
Exit Graphics 
Send Graphics Byte 


* 
* 


* 


Note: "Characters with no indicated function are acknowledged but do not otherwise affect the display. 
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А65/40-0800 АМ 65/40 VDC Module 
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A65/40-7010 
AIM 65/40 Microcomputer Family 


A65/40-7010 
AIM 65/40 ASSEMBLER ROM 


ASSEMBLY LANGUAGE 


An assembler translates microprocessor instructions and data 
statements written in symbolic form (the source program) into 
machine executable code (the object program). The AIM 65/40 
Assembler translates one instruction, consisting of a label (if 
required), a mnemonic operation code, an operand (if required) 
and arithmetic operator (if required) into a machine instruction 
consisting of from one to three bytes of memory. Constants 
comprising one or more bytes of memory are generated from 
data statements while one or more bytes of memory are assigned 


FEATURES 


AIM 65/40 Microcomputer host 

6502 machine code generation 
ROM-resident for immediate operation 
Symbolic linkage —operands and labels 
Interactive assembler operation setup 


e Operator selected input device 


—Memory (text buffer in RAM) 


| ` —Floppy disk 
to variables. The assembler operates in two passes. Pass 1 Audo tae 
checks for syntax errors and assigns values to symbols in a Sariai P 
— Seria 


symbol table. Pass 2 generates the actual machine code and 
outputs the assembly listing which lists the source code and the 
corresponding machine code. 


The source code is usually entered and edited using the AIM 


—User defined (interactive and non-interactive) 
Operator selected object code output device 
—Memory (RAM) 


Р : — Floppy disk 
65/40 Text Editor then assembled to generate the machine code у 
for program execution and debugging. Program changes to the 1008 tape 
source program can easily be edited then the program reas- — Serial 
sembled to generate the new machine code thus eliminating the —User-defined (interactive and non-interactive) 
need for the programmer to code and recode the program in — Display/printer 
machine code—a time consuming and laboricus process. — Printer 


PRODUCT OVERVIEW 


The AIM 65/40 Assembler is a 4K-byte ROM-resident, two-pass 
symbolic assembler that plugs into socket 264 on the АМ 
65/40 Microcomputer Single Board Computer (SBC) module 
and operates in conjunction with the АМ 65/40 ИО ROM and 
the AIM 65/40 Debug Monitor/Text Editor ROMs. The assembler 
translates computer program instructions written in standard 
assembly language for the 6502 microprocessor into machine 
code that will operate in any 6502 or 65XX CPU. Operating 
options are selected interactively by the operator upon assembly 
command. These options specify source code device, object 
code device, symbol table location, full assembly or errors only 
output listing and output listing device. A repeat command 
invokes the assembly according to previously commanded 
options for rapid setup during program debugging, editing and 
reassembly. Memory to memory assembly is supported to speed 
program generation. Compatibility with the RM 65 Floppy Disk 


Operator selected assembly/error listing output device 
—Display/printer 

—Printer 

—Serial 

— User-defined (interactive and non-interactive) 
Assembler directives 


• АМ 65/40 DOS 1.0 and BDOS 1.0 compatible 


MEMORY MAP 


Address (Hex) T 


Contents 


Assembler Program 


$9000-$9FFF 
Assembler Variables 


$0-$D6 


ORDERING INFORMATION 


Controller (FDC) module (RM65-5101NE) and AIM 65/40 DOS Part No. Description 
1.0 (A65/40-7090) and AIM 65/40 BDOS 1.0 (A65/40-7092) A65/40-7010 AIM 65/40 Assembler ROM 
allows source code to be input from one or more files on a floppy 
disk and object code to be output to a floppy disk file to assemble Order No. Description 
very large programs and to permanently save source and object 297 АМ 65/40 Assembler Users Manual” 
code. 
Note: 


—— ——————————.— 
Data Sheet Order Мо. D123 
February 1983 


Document No. 29001D23 


(1) Included with A65/40-7010. 


А65/40-7010 AIM 65/40 Assembler ROM 


R6502 CPU INSTRUCTIONS 


Mnemonic Instruction Mnemonic Instruction 
Jenae be | | ij 

ADC Add Memory to Accumulator with Carry LDA Load Accumulator with Memory 
AND AND Memory with Accumuiator LDX Load index X with Memory 
ASL Shift Left One Bit (Memory or Accumulator) LDY Load Index Y with Memory 
BCC Branch on Carry Clear SH Shift Right One Bit (Memory or Accumulator) 
BCS Branch on Carry Set NOP No Operation 
BEQ Branch on Result Zero 
вт Test Bits in Memory with Accumulator ОВА OR Memory with Accumulator 
BMI Branch on Resutt Minus PHA Push Accumulator on Stack 
BNE Branch on Result Not Zero PHP Push Processor Status on Stack 
BPL Branch on Result Plus PLA Pult Accumulator from Stack 
BRK Force Break PLP Pull Processor Status from Stack 
BUS “ы a белон ee ROL Rotate One Bit Left (Memory or Accumulator) 

ROR Rotate One Bit Right (Memory or Accumulator) ` 
CLC Clear Carry Flag RTI Return from Interrupt 
CLD Clear Decimal Mode RTS Return from Subroutine 
еті Clear Interrupt Disable Bit SBC Subtract Memory from Accumulator with Borrow 
CLV Clear Overflow Flag 

SEC Set Carry Flag 
CMP Compare Memory and Accumulator SED Set Decimal Modi 
СРХ Compare, Memory апа INGexsx SE! Set eect Disaoie Siats 
cry Compare Memory:and Index Y. STA Store Accumulator in Memory 
DEC Decrement Memory by One STX Store index X in Memory 
DEX Decrement Index X by One STY Store index Y in Memory 
DEY. Decrement index Y-By:One TAX Transfer Accumulator to Index X 
EOR Exclusive-OR Memory with Accumulator TAY Transfer Accumulator to Index У 

TSX Transfer Stack Pointer to Index X 
ING Increment: Memory by One TXA Transter Index X to Accumulator 
імх Increment Index Х by One 6 
INY Increment index \ by One TXS Transfer Index X to Stack Pointer 

M TYA Transter Index Y to Accumulator 
JMP Jump to New Location 
JSR Jump to New Location Saving Return Address 
—— € ве 


AIM 65/40 ASSEMBLER DIRECTIVES 
[вю [Command 


Function 


- Equate ‚ОРТ Listing control option 

.BYTE Byte constant LIS/NOL Assembly listing generation 

WORD Word constant GEN/NOG Object code question 

DBYTE Double-byte constant ERR/NOE Error listing generation 
Page heading .FILE Source code file linkage 


Skip line(s) .END Last statement/first source code file linkage 
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А65/40-7012 
АМ 65/40 Microcomputer Family 


A65/40-7012 
AIM 65/40 MACRO ASSEMBLER 


DESCRIPTION 


The AIM 65/40 Macro Assembler and Linking loader is a disk- 
based computer program that generates computer program 
absolute machine code or telocatable object code and links 
relocatable object code into absolute machine code. The 
assembler/loader operates on the AIM 65/40 Microcomputer 
and generates code for execution by any central processing unit 
(CPU) in the Rockwell R6500 NMOS microprocessor, R6500/* 
NMOS one-chip microcomputer and В65С00 CMOS micropro- 
cessor device families. 


MACRO ASSEMBLER 


The macro assembler translates CPU instructions and data 
statements written in symbolic form (the source program), into 
absolute or relocatable code. Instructions, consisting of a label 
(if included), a mnemonic operation code, an operand (if required) 
and an arithmetic operator (if included), are assembled one-at- 
a-time into опе- to three-byte machine instructions (with abso- 
lute or relocatable address information). Constants comprising 
orie or more bytes of memory are generated from data state- 
ments while one or more bytes of memory are assigned to vari- 
ables. The macro capability allows sequences of instructions, 
to be pre-defined for in-line code inclusion by specifying only 
the macro name. Conditional assembly allows portions of 
instruction sequences or macros to be included in (or excluded 
from) in-line code. The combination of the macro and conditional 
assembly capability speeds program development by elimi- 
nating duplicate coding efforts for similar processing tasks and 
increases program flexibility and reliability by allowing one source 
program to generate different computer programs based on 
specified control parameters. 


LINKING LOADER 


The linking loader combines independently assembled modules 
of absolute and/or relocatable object code into a single execut- 
able object file. This allows a large program to be developed in 
manageable size modules and integrated by the linking process. 
This also allows program changes to be made to one module 
without affecting any of the other modules—a key requirement 
in many program validation and certification procedures. 


Small programs can still be assembled into absolute executable 
code without using the linking loader, however, to simplify 
development. 


The assembler/loader operates in conjunction with the АМ 65/40 
8005 1.0 Upgrade Kit (A65/40-7092). 


Document No. 29001D28 


& LINKING LOADER 


MACRO ASSEMBLER FEATURES 


e Supports three CPU families 
—R6500 NMOS Microprocessor 
—R6500/* NMOS Microcomputer 
—R65C00 CMOS Microprocessor 
Fiexible code generation 
—Absoiute executable code 
—Relocatable linkable code 
Macro definition includes 
—Multiple parameters 

— Other macros 

— Assembler 

Macro cail includes 

— Macro name 

— Argument list 

Condition assembly 

—IF condition 

—ELSE complementary condition 
— 12 conditional operators 
Symbol cross reference tale 

— Lists defined and used symbols 
—Alphanumeric order 


LINKING LOADER FEATURES 


Resolves inter-module symbol linkage 
Assigns absolute addresses 
Generates absolute executable code 
Produces reports 

— Load map of module locations 

— Symbolic debug table 

— Symbol table 

Interactive or command file setup 


ORDERING INFORMATION 


Part No. | Description 


А65/40-7012 | АМ 65/40 Macro Assembler and Linking Loader” 


Order No. Description 


2153 AIM 65/40 Macro Assembler and Linking Loader 
User Manual® 


Notes: 

1. Requires RM 65 Floppy Disk Controller (FDC) module 
(RM65-5101NE) and AIM 65/40 BDOS 1.0 Upgrade Kit 
(A65/40-7092). 

2. Included with A65/40-7012. 


Data Sheet Order No. D128 
Rev. 1, January 1984 


2% 


Rockwell 


BASIC LANGUAGE 


BASIC is a simple but powerful computer program language. 
Originally developed at Dartmouth University, BASIC has gained 
universal acceptance and is commonly used world-wide in 
schools, industry, and science. 


The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved. Internal floating 
point arithmetic handles a wide range of numeric values 
(2.93873588E —39 to 1.70141 183Е +38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtrac- 
tion, multiplication and division, a full set of transcendental func- 
tions support trigonometric, exponential, square, square root, 
polynomial and logarithmic operations. 


PRODUCT OVERVIEW 


The AIM 65/40 BASIC Interpreter, consisting of input formatter, 
lister, floating point functions, interpreter and input/output func- 
tions, is contained in two 4K-byte ROMs that plug into sockets 
270 and 271 on the AIM 65/40 Microcomputer Single Board 
Computer (SBC) Module. AIM 65/40 BASIC operates in one of 
two modes, development and run-time. In the development 
mode, BASIC statements are entered and executed as either 
direct or indirect commands. Direct commands are executed 
upon entry to provide immediate results, however, the state- 
ments are not stored for subsequent execution. Indirect com- 
mands are entered along with an associated line number and 
are executed upon RUN command entry. The AIM 65/40 Text 
Editor can be conveniently used to load indirect statements into 
the Text Buffer for entry into BASIC to simplify program editing. 
The AIM 65/40 microcomputer peripherals, i.e., keyboard, 40- 
character single line display/video display controller module and 
graphics printer, are used in the development mode to enter 
statements, to list entered indirect statements and to display/ 
print execution results. 


In the run-time mode, BASIC begins execution of the application 
program (i.e., previously entered indirect statements) without 
entering the BASIC command level. The AIM 65/40 peripherals 
are not required in their mode unless used in the application. 
The АМ 65/40 /O ROM must be resident (but not the Debug 
Monitor/Text Editor ROMs) for run-time support. A short user- 
provided driver program initializes BASIC upon power turn-on 
or RESET via the АМ 65/40 /O ROM auto-start linkage. 


A65/40-7020 
AIM 65/40 BASIC INTERPRETER ROMS 


A65/40-7020 
AIM 65/40 Microcomputer Family 


LANGUAGE FEATURES 


BASIC is easy to learn 

Microsoft BASIC is universally accepted 
BASIC is widely used 

Supports simple and complex statements 
Floating point arithmetic functions 

— Add, subtract, multiply, divide 
—Trigonometric (sine, cosine, tangent, arctangent) 
—Exponential, square, square root 

— Natural logarithm 

String variables and arrays 

Integer variables 

Subroutine calls 

Conditional expressions 

User function 


INTERPRETER FEATURES 

e AIM 65/40 Microcomputer or RM 65 Single Board Computer 
(SBC) module host 

• ROM resident for immediate operation 

Operates in development and run-time modes 

Fast execution (reference Microsoft 6502 BASIC 

interpretation) 

e Executes application program from RAM or PROM 

e Develops programs for execution in either AIM 65 Microcom- 
puter or in RM 65 SBC module based system with AIM 
65/40 BASIC ROMs installed. 


ORDERING INFORMATION 


Description 


AIM 65/40 BASIC ROMs 
Description 


AIM 65/40 BASIC User's Manual* 
AIM 65/40 BASIC Reference Card* 


NOTES: 
* Included with A65/40-7020. 
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Data Sheet Order No. D120 
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А65/40-7020 


MEMORY МАР 
Address (Hex) Contents | 
$C000-$DF FF AIM 65/40 BASIC Program 
$700-$706 АМ 65/40 BASIC Variables and Vectors 
$0-$6D AIM 65/40 BASIC Variables 


AIM 65/40 BASIC STATEMENTS 


AIM 65/40 BASIC Interpreter ROMs 
PROGRAMMING 


The application program can easily be programmed into a PROM 
for operation in an OEM or end-user environment using an RM 
65 PROM Programmer module (RM65-2901E) connected to an 
AIM 65/40 Microcomputer. 


The AIM 65/40 BASIC Interpreter ROMs can also be used in an 
RM 65 environment in either development or run-time mode. 
When installed in an RM 65 SBC module based system along 
with the RM 65 VO ROM, AIM 65/40 peripherals can be used 
to support development as well as run-time operation. 


Program Statements 


DEF FN 

DIM 

END 

FOR 

GOSUB 
GOTO 

ЈЕ... GOTO 
ЈЕ... THEN 
LET 

NEXT 

ОМ... GOSUB 
ON... GOTO 
REM 
RESTORE 
RETURN 
STOP 

USR 

WAIT 


Commands String Functions 

CLEAR ASC 

CONT СНА$ 

ЕВЕ LEFT$ 

LIST LEN 

LOAD MID$ | 

NEW RIGHTS 

PEEK STR$ 

POKE VAL 

RUN 

SAVE Arithmetic Functions 
ABS 

Input/Output ATN 

DATA COS 

GET EXP 

INPUT INT 

READ LOG 

PRINT RND 

SPC SIN 

TAB SGN 

POS SQR 

FILE* TAN 


“Links to user-defined function. 


A65/40-7024 
А65/40 Microcomputer Family 


E % A65/40-7024 


AIM 65/40 BASIC COMPILER 
Rockwell | 


BASIC LANGUAGE LANGUAGE FEATURES 
BASIC is a simple but powerful computer program language. e BASIC is easy to learn 
Originally developed at Dartmouth University, BASIC has gained • Microsoft BASIC is universally accepted 
universal acceptance and is commonly used world-wide in е BASIC is widely used 
schools, industry, and science. : 
e Supports simple and complex statements 
The heart of BASIC is a set of easily learned English words е Floating point arithmetic functions 
which are used as commands. Complex and powerful state- — Ада, subtract, multiply, divide 


ments can be constructed by adding operands and operators — Trigonometric (sine, cosine, tangent, arctangent) 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved. Internal floating 
point arithmetic handles a wide range of numeric values 
(2.93873588E --39 to 1.70141183E +38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtraction, 
multiplication and division, a full set of transcendental functions 
support trigonometric, exponential, square, square root, poly- 
nomial and logarithmic operations. 


—Exponential, square, square root 
— Natural logarithm 

String variables and arrays 

Integer variables 

Subroutine calls 

Conditional expressions 

User function 


PRODUCT OVERVIEW 


The AIM 65/40 BASIC Compiler, consisting of the BASIC Com- 
piler and BASIC run-time library, is contained on an AIM 65/40 COMPILER FEATURES 

diskette. The BASIC Compiler, in conjunction with the BASIC e AIM 65/40 Microcomputer or RM 65 Single Board Computer 
run-time library, compiles a program written in the BASIC lan- (SBC) module host 

guage into a 6500 assembly language source file and an optim- Generates standalone code 


ized run-time library file. The BASIC source code file is made ; : а 
up of indirect BASIC commands and statements. The two output E. B 6500:aşs6mbly. länguage: éasinig'optimization 
ast execution 


files, assembly source file and optimized run-time file, are then Нава 
assembled using the АМ 65/40 assembler to create a BASIC Executes application program from RAM or PROM 
Develops programs for execution in either AIM 65 Microcom- 


object code file for execution. 
puter or in RM 65 SBC module based system without AIM 
The AIM 65/40 Text Editor can be used to create and edit the 65/40 BASIC ROMs installed. 
application program source code. The AIM 65/40 peripherals, 
је. keyboard, 40-character single line display/video display 
controller module and graphic printer, are used to enter and list 


BASIC statements and to display/print execution results. ORDERING INFORMATION 


The disk-based compiler operates on the AIM 65/40 Microcom- 
puter in conjunction with the RM65 Floppy Disk Controller (FDC) 
module and the AIM 65/40 DOS 1.0 or BDOS 1.0 firmware. The 
AIM 65/40 Assembler (Part No. A65/40-7010) or the AIM 65/40 
Macro Assembler (Part No. A65/40-7012) option is required to 
support the BASIC Compiler on the AIM 65/40 Microcomputer. 
The AIM 65/40 ИО ROM must be resident for BASIC (О support 
during application program execution, i.e., to run the program 
after compilation and assembly. 
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А65/40-7024 
MEMORY МАР 


дата ИСНИ 


$1000-$3C00 AIM 65/40 BASIC Compiler 
$0-$100 


АМ 65/40 BASIC Variables 


AIM 65/40 BASIC STATEMENTS 


Program Statements 


WAIT 


“Links to user-defined function. 


Commands 


DEF FN PEEK 
DIM POKE 
END 
FOR 5 Input/Output 
GOSUB БАТА 
GOTO АЕТ 
IF... GOTO 

INPUT 
IF... THEN 

READ 
LET 

PRINT 
NEXT ane 
ОМ... GOSUB pit. 
ON...GOTO 

POS 
REM FILE* 
RESTORE 
RETURN 
STOP 
USR 


AIM 65/40 BASIC Compiler 
PROGRAMMING 


The application program can easily be prograrnmed into a PROM 
for operation in an OEM or end-user environment using an RM 
65 PROM Programmer module (RM65-2901 E) connected to ап 
AIM 65/40 Microcomputer. 


When used in an RM 65 SBC module based system along with 
the RM 65 VO ROM, АМ 65/40 peripherals can be used to sup- 
port the BASIC Compiler operation. 


String Functions 


ASC 
CHR$ 
LEFT$ 
LEN 
МО$ 
АСНТ$ 
STR$ 
VAL 


Arithmetic Functions 


ABS 
ATN 
COS 
EXP 
INT 
LOG 
RND 
SIN 
SGN 
SQR 
TAN 


А65/40-7040 
АМ 65/40 Microcomputer Family 


A65/40-7040 


AIM 65/40 MATH PACKAGE ROM 


FLOATING POINT ARITHMETIC 


Floating point arithmetic is often desired to perform mathemat- 
ical operations in calculation intensive applications such as sci- 
entific computation, industrial data acquisition and reduction, 
process control, and laboratory measurements. In the АМ 65/ 
40 Math Package, a number is represented in floating point form 
as an unsigned exponent, a normalized mantissa and an arith- 
metic sign. The magnitude of the number is equal to two raised 
to the exponent power times the fractional mantissa, where the 
exponent may range from —127 to +127. The mantissa is a 32- 
bit number normalized such that the most significant bit (MSB) 
is always equal to “1”. Operating on floating point numbers 
alleviates programming difficulty and additional development 
time usually associated with fixed point scaling and minimizes 
uncertainties when performing calculations involving both very 
large and very small numbers. Numbers in magnitude from 
2.93873588E —39 to 1.70141183E+38 can be handled in the 
AIM 65/40 Math Package. In addition, nine digit accuracy is pro- 
vided in most calculations. 


PRODUCT OVERVIEW 


The AIM 65/40 Math Package contains a full complement of 
floating point arithmetic, conversion, trigonometric, utility and 
other transcendental functions as user-callable subroutines in 
a 4K-byte ROM. Programmed in 6502 machine language for 
fast execution, these functions support calculation intensive 
applications. These functions are host computer independent 
and may be installed in any 6502 CPU based microcomputer 
supporting the memory map requirements. The math package 
is located at $8000-$8FFF to allow direct installation in an AIM 
65/40 Microcomputer, an RM 65 Single Board Computer (SBC) 
module or in an RM 65 PROM/ROM module. 


In addition to the machine language interface, direct linkage to 
AIM 65/40 FORTH provides floating point processing in the 
FORTH language. When installed in an AIM 65/40 Microcom- 
puter with AIM 65/40 FORTH also installed, the floating point 
words can be automatically linked to the FORTH vocabulary 
during FORTH initialization. Application programs written in 
FORTH can thus be both developed and executed on the AIM 
65/40 Microcomputer. For OEM or end user installation in an 
RM 65 system with user-provided input/output functions, such 
programs can be developed on an AIM 65/40 Microcomputer 
then transferred to an RM 65 SBC based system with AIM 
65/40 FORTH installed for execution in the RM 65 environment. 


Document No. 29001D30 
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FEATURES 


e Floating point arithmetic 
—Addition and subtraction 
—Multiplication and division 
• integer arithmetic 
—Multiplication 
— Division 
® Comparison (<, =, >) 
• Trigonometric 
—Sine and cosine 
—Tangent and arctangent 
Conversion 
—Degrees to radians 
—Radians to degrees 
Polynomials 
—Consecutive power 
—Odd power 
Logarithmic 
— Natural log 
—Common log 
Square root, power, exponential 
Absolute value, integer and floating point sign, greatest integer 
6502 CPU machine instruction linkage 
Host computer independent 
AIM 65/40 FORTH compatible 
4K-byte ROM based 
Nine digit accuracy 
Wide range (2.93873588E -- 39 to 1.70141183E--38) 


ORDERING INFORMATION 


Description 


AIM 65/40 Math Package ROM 
AIM 65/40 FORTH ROMs 


Description 


АМ 65/40 Math Package User's Manual” 
АМ 65/40 FORTH User's Manual?) 


А65/40-7040 
А65/40-7050 


Огдег Мо. 


2113 
2103 


Notes: 
1. Included with A65/40-7040. 
2. Included with A65/40-7050. 


Data Sheet Order No. D130 
Aprii 1983 


А65/40-7040 


АМ 65/40 Math Package ROM 


MEMORY MAP 
Address (Hex) [ Contents 
$8000-$8FFF AIM 65/40 Math Package Program 
$AB-$C4 АМ 65/40 Math Package Variabies 

|_5110-8132 АМ 65/40 Math Package Variables 

MATH PACKAGE FUNCTIONS 
Assembly Assembly 
Language FORTH Language | FORTH 
Label Word Function Label Word Function 

те L = 
INIT Initialize Math Package SIN SIN Sine 
FADDT F+ Floating Point Add cos cos Cosine 
FADD Floating Point Add (Memory) TAN TAN Tangent 
FSUBT Е- Floating Point Subtract ARCTAN ARCTAN Arc Tangent 
FSUB Floating Point Subtract (Memory) DEGRE DEGREES Convert Radians to Degrees 
FMULTT F* Floating Point Multiply RADS RADIANS Convert Degrees to Radians 
FMULT Floating Point Multiply (Memory) POLYX POLYODD Odd Exponent Polynomial 
FDIVT F/ Floating Point Divide POLY POLY Consecutive Exponent Polynomial 
FDIV Floating Point Divide (Memory) MOVFM M>F Move Number from Memory to FAC 
IMULT Integer Multiply MOVMF Е>М Move Number тот FAC to Memory 
IDIVID Integer Divide MOVFA Move Number from ARG to FAC 
FTOD Convert Floating Point to Integer MOVAF ‘Move Number from FAC to ARG 
DTOF Convert Integer to Floating Point CONUPK| М>А Move Number from Memory to ARG 
NEGFAC Negate Floating Point Number S>A Move Number from Stack to ARG 
ABS FABS Absolute Value of Floating Point Number S>F Move Number from Stack to FAC 
INT INT Truncate Floating Point Number Fos Move Number from FAC to Stack 
SGN SGN Sign of FAC to FAC FIN FIN Convert ASCII to Floating Point 
SIGN FSIGN Sign of FAC to ARG FOUT FOUT Convert Floating Point to ASCII 
FCOMP FCOMP Compare Floating Point Number MINLN MIN-WIDTH FOUT Minimum Field Width Variable 
SQR SQR Square Root DECLN DEC-LENGTH | FOUT No. of Places to the Right of the Dec- 
FPWRT 1 Raise to a Power imal Point Variable 
EXP EXP Exponential 
LOG10 LOG Common Log 
LOG LN Natural Log 
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Rockwell 


FORTH LANGUAGE 


FORTH is a unique programming language well suited to a 
variety of applications. Because it was originally developed for 
real-time control applications, FORTH is ideal for machine and 
process control, energy managements, data acquisition, auto- 
matic testing, robotics and other applications where assembly 
language was previously the only possible language choice. 


FORTH actually provides the best of two worlds. It has the 
looping and branching constructs of high-level languages 
(DO... LOOP, BEGIN... END, IF... THEN and IF... ELSE 
... THEN) and the code efficiency of machine and assembly 
languages. And programmers will be pleased to know that 
FORTH allows you to specify addresses, operands and data in 
hexadecimal, octal, binary or any other number base from two 
to 40—a distinct advantage over languages like BASIC, where 
all information must be in decimal. 


In most time-critical applications, at least part of the program 
must be written in assembly language. FORTH has a built in 
6502 macro assembler, and lets you drop into assembly lan- 
guage at almost any point in your program, without perarate 
assembly and load steps or awkward machine level linkage. 
FORTH programs typically run up to ten times faster than other 
interpretive languages, and can even approach the speed of 
machine language programs for some applications. 


FEATURES 


AIM 65/40 Microcomputer host and target 
RM 65 SBC module based system compatible 
ROM resident for immediate operation 
Application oriented 

Extensible language 

Over 200 pre-defined functions 
Interactive compilation 

Reverse polish notation 

Compact memory usage 

Fast execution 

Easy debugging 

Stack implementation 

16-bit words 

Built-in structured macro assembler 
Shortens software development time 


A65/40-7050 
АМ 65/40 Microcomputer Family 


A65/40-7050 
AIM 65/40 FORTH ROMS 


PRODUCT OVERVIEW 


The AIM 65/40 FORTH system, consisting of primitives, 
interpreter, macro assembler and input/output functions, is con- 
tained in two 4K-byte ROMs. These ROMs plug into sockets 
270 and 271 on the АМ 65/40 Microcomputer Single Board 
Computer (SBC) module. Linkage to the АМ 65/40 /O ROM 
interfaces FORTH to the AIM 65/40 peripherals (keyboard, 
single-line display/video display controller and graphics printer) 
and to user-defined functions. Interface with the AIM 65/40 
Debug Monitor and Text Editor ROMs supports machine level 
debugging and editing of application programs written in FORTH. 
Both interactive and batch modes of operation are supported. 
Interaction operation allows FORTH words to be compiled and/ 
or executed as they are entered for immediate debugging and 
Operation. In the batch mode, FORTH words can be entered 
into the Text Buffer then input to FORTH to be compiled and/or 
executed. Batch mode allows an application program to be 
easily edited using Text Editor line- and screen-oriented 
commands. 


The AIM 65/40 FORTH ROMs can also be installed in an RM 
65 Single Board Computer (SBC) module based system 
for either development or runtime operation. This is especially 
attractive in OEM or end-user applications requiring a compact 
АМ 65 modular computer assembly The RM 65 
/О ROM, when also installed in this configuration, supports 
FORTH input/output operation with AIM 65/40 peripherals con- 
nected to RM 65 input/output modules. Vectored input/output 
functions support user-defined interface functions, as well, in an 
RM 65 installation. 


ORDERING INFORMATION 


Part No. Description 


A65/40-7050 | AIM 65/40 FORTH ROMs 
A65/40-7040 | AIM 65/40 Math Package ROM 


Order No. Description 


AIM 65/40 FORTH User's Manual” 


AIM 65/40 FORTH Reference Card"? 
АМ 65/40 Math Package User's Manual? 


NOTES: 
1. Included with A65/40-7050. 
2. Included with А65/40-7040. 


Document No. 29001D22 


Data Sheet Order No. D122 
March 1983 


A65/40-7050 
DEVELOPING FORTH PROGRAMS 


FORTH is built on subroutine-like functions, called “words.” 
These words are linked together to form a “dictionary,” which 


is the central core of the language. Writing a program т. 


FORTH consists of using several predefined words to define 
each new word. Once the new word has been added to the 
system dictionary, it becomes as much a part of the language 
as any other word that has been previously defined. In this 
way new features and extensions can be added by simply 
defining one or more new words. Adding new features to 
conventional languages like BASIC or Pascal requires the 
language system to be completely reassembled ог 
recompiled. 


FORTH is a stack-oriented language, and is programmed in 
Reverse Polish Notation (RPM), the notation that is used in 
Hewlett-Packard scientific calculators. Using a data stack is 
an extremely efficient way of passing variables back and 
forth between operations. A data stack eliminates the need 
to tie up memory locations with variable tables, and allows 
you to use only as much memory as you need. 


FORTH programs are developed using “top-down/bottom- 
up" techniques. That is, the programmer begins by defining 
the program in very general terms, then systematically breaks 
these definitions down into more and more detailed sub- 
modules. When the lowest levels of sub-modules have been 
defined, he starts coding, in FORTH, at those levels, working 
back up toward the top of the program, in pyramid fashion. 
Each sub-module is а stand-alone component of the pro- 
gram, and can be completely debugged without having the 
complete program in the system. This type of software 
development is difficult, if not impossible, to do with most 
other high-level languages. 


FLOATING POINT FUNCTIONS 


AIM 65/40 FORTH contains both a single- (16-bit) and double- 
(32-bit) precision integer arithmetic capability. In AIM 65/40 
or RM 65 applications where floating point arithmetic is 
desired, the AIM 65/40 Math Package may be used in con- 
junction with the FORTH ROMs. These floating point func- 
tions may be called using FORTH words included in the math 
package ROM. When this ROM is installed in socket Z63 on 
the AIM 65/40 SBC Module, the floating point math words 
can be automatically linked to the FORTH dictionary during 
FORTH initialization. The AIM 65/40 Math Package can also 
be installed in either an RM 65 SBC module based system 
for operation in the RM 65 environment. 


MEMORY MAP 


Address (Hex) 


$C000-$DFFF 
$8000-$8FFF 


Contents 


FORTH Program 
Math Package Program 


$780-$7FF Terminal Input Buffer 
$760-$77F User Variables 
$700-$75F FORTH User Variables 
$AB-$C4 Math Package Variables 
$10-$A8 FORTH Variables 
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AIM 65/40 FORTH ROMs 
FORTH WORDS 


STACK MANIPULATION 


DUP Duplicate top of stack. 

2DUP Duplicate top two stack items. 

DROP Delete top of stack. 

2DROP Delete top two stack items. 

SWAP Exchange top two stack items. 

OVER Copy second item to top. 

ROT Rotate third item on top. 

- DUP Duplicate only if non-zero 

>R Move top item to return stack. 

R> Retrieve item from return stack. 

R Copy top of return stack onto stack. 

PICK Copy the nth item to top. 

SP@ Return address of stack position 

RP@ Return address of return stack pointer. 

BOUNDS Convert “address count’ to “end- 
address start-address." 

5 Print contents of stack. 


DEFINING WORDS 


‘<name> 


VARIABLE <namd> 


CONSTANT <name> 
CODE <name> 


СОСЕ 


«BUILDS ... DOES> 


Begin colon definition of <name>. 

End colon definition, 

Create a variable <name> with initial 
value n; returns address when 
executed. 

Create a constant <пате> with value 
n; returns value when executed. 

Begin definition of assembly-language 
primitive operation <пате>. 

Used to create a new defining word, 
with execution-time "code routine" for 
this data type in assembly. 

Used to create a new defining word, 
with execution-time routine for this 
data type in higher-level FORTH. 


USER Create a user variable. 

MEMORY 

@ Fetch value addressed by top of stack. 

| Store n1 at address n2. 

се Fetch one byte only 

С! Store опе byte only. 

? Print contents of address. 

+! Add second number on stack to 
contents of address on top. 

CMOVE Move n3 bytes starting at address n1 to 
area starting at address n2. 

FILL Put byte n3 into n2 bytes starting at 
address n1. 

ERASE Fill n2 bytes in memory with zeroes, 
beginning at address n1. 

BLANKS Fill n2 bytes in memory with blanks, 
beginning at address n1. 

TOGGLE Mask memory with bit pattern. 


NUMERIC REPRESENTATION 


DECIMAL Set decimal base. 

HEX Set hexadecimal base. 
BASE Set number base. 
DIGIT Convert ASCII to binary. 
0 The nurnber zero. 

1 The nurnber one. 

2 The nurnber two. 

3 The number three. 

4 The number four. 


A65/40-7050 


AIM 65/40 FORTH ROMs 


FORTH WORDS (CONT'D) 
ARITHMETIC AND LOGICAL 


+ 
D+ 


ABS 
DABS 


NEGATE 
DNEGATE 


S- >р 


Add. 

Add double-precision numbers. 

Subtract (n1 — n2) 

Multiply. 

Divide (n1/n2). 

Modulo (і.е., remainder from division). 

Divide, giving remainder and quotient. 

Multiply, then divide (n1-n2/n3), with 
double intermediate. 

Like -/MOD, but give quotient only. 

Unsigned multiply leaving double 
product. 

Unsigned divide. 

Signed multiplication leaving double 
product. 

Signed remainder and quotient from 
double dividend. 

Unsigned divide leaving double quotient 
and remainder from double dividend 
and single divisor. 

Maximum. 

Minimum. 

Set sign. 

Set sign of double-precision number. 

Absolute value. 

Absolute value of double-precision 
number. 

Change sign. 

Change sign of double-precision 
number. 

Sign extend to doubie-precision 
number. 

increment value on top of stack by 1. 

Increment value on top of stack by 2. 

Decrement value on top of stack by 1. 

Decrement value on top of stack by 2. 

Logical AND (bitwise). 

Logical OR (bitwise) 

Logical exclusive OR (bitwise). 


COMPARISON OPERATORS 


> 


0< 
0= 
U< 
NOT 


True if n1 less than n2. 

True if n1 greater than n2. 

True if top two numbers are equal. 
True if top number negative. 

True if top number zero. 

True if u1 less than u2. 

Same as 0=. 


MISCELLANEOUS AND SYSTEM 


(<comment>) 


Begin comment (terminate by right 
parentheses on same line). 

Alter PFA to CFA. 

Alter PFA to NFA. 

Alter NFA to PFA. 

Alter PFA to LFA. 

Top of memory. 

Clear return stack and return to 
terminal. 


CONTROL STRUCTURES 


DO... LOOP 
БО... +LOOP 


| 
ЦЕАМЕ 


BEGIN... UNTIL 


BEGIN... WHILE 


... REPEAT 
BEGIN ... AGAIN 
Е... THEN 


iF... ELSE ... THEN 


END 
ENDIF 


Set up loop, given index range. 

Like DO ... LOOP, but adds stack 
value to index. 

Place current index value on stack. 

Terminate loop at next LOOP or 
+LOOP. 

Loop back to BEGIN until true at 
UNTIL. 

Loop while true at WHILE, REPEAT 
loops unconditionally to BEGIN. 

Unconditional loop. 

№ top of stack true, execute following 
clause THEN continue; otherwise 
continue at THEN. 

If top of stack true, execute ELSE 
clause THEN continue; otherwise 
execute following clause, THEN 
continue. 

Alias for UNTIL. 

Alias for THEN. 


COMPILER-TEXT INTERPRETER 


[COMPILE] 
COMPILE 


LITERAL 
DLITERAL 


EXECUTE 
[ 
] 


DICTIONARY CONTROL 


CREATE 
FORGET 


HERE 
ALLOT 
TASK 

- FIND 

DP 

с 

РАО 
IMMEDIATE 
INTERPRET 
LATEST 
шт 

CLIT 
LITERAL 


SMUDGE 
STATE 


8-67 


Force compilation of IMMEDIATE word. 

Compile following <name> into 
dictionary. 

Compile a number into a literal. 

Compile a double-precision number into 
a literal. 

Execute the definition on top of stack. 

Suspend compilation, enter execution. 

Resume compilation. 


Create a dictionary header. 

FORGET all definitions from <name> 
on. 

Returns address of next unused byte in 
the dictionary. 

Leave a gap of n bytes in the 
dictionary. 

A dictionary marker. 

Find the address of <name> in the 
dictionary. 

Search dictionary for <name>. 

User variable containing the dictionary 
pointer. 

Store byte into dictionary. 

Compile a number into the dictionary. 

Pointer to temporary buffer. 

Force execution when compiling. 

The Text Interpreter executes or 
compiles. 

Leave name field address (NFA) of top 
word in CURRENT. 

Place 16-bit literal on the stack. 

Расе byte literal on the stack. 

Compile a 16-bit literal. 

Toggie name SMUDGE bit. 

User variable containing compilation 
state. 
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FORTH WORDS (CONT'D) 
USER VARIABLES 


U?IN User variable for ?IN. 
U?0UT User variable for 200Т. 
U? TERMINAL User variable for ?TERMINAL. 
U-CR User variable for -CR 
UABORT User variable for ABORT. 
UB/BUF User variable for B/BUF. 
UB/SCR User variable for B/SCR. 
UC/L User variable for C/L. 
UCLOSE User variable for CLOSE. 
UCR User variable for CR. 
UEMIT User variable for EMIT. 
UFIRST User variable for FIRST. 
UKEY User variable for KEY. 
ULIMIT User variable for LIMIT. 


MONITOR & CASSETTE ИО 


COLD AIM 65/40 FORTH cold start. 

MON Exit to AIM 65/40 Monitor. 

CLOSE Close tape file. 

?IN Set to active input device (AID). 

?OUT Set to active output device (AOD). 

GET Input a character from the AID. 

PUT Output a character to the AOD. 

READ Input n2 characters from AID to 
address n1. 

WRITE Output n2 characters to AOD at 
address n1. 

SOURCE Compile from the AID. 

FINIS Terminate complete from SOURCE. 

INPUT-OUTPUT 

- CR Output CR to printer only. 

CR Carriage return. 

SPACE Type one space. 

SPACES Type n spaces. 

CLRLINE Output a CTRL B. 

x Print text string (terminated by "). 

DUMP Dump n2 words starting at address. 

TYPE Type string of n1 characters starting at 
address n2. 

?TERMINAL True if terminal break request present. 

KEY Read key, put ASCII value on stack. 

EMIT Output ASCII value from stack. 

EXPECT Read n1 characters from input to 
address n2. 

WORD Read one word from input stream, until 
delimiter. 

IN User variable contained within TIB. 

BAUD Set BAUO rate. (See Note 1) 

BL Output a SPACE character. 

сл Number of characters/line. 

TIB Pointer to terminal input buffer start 
address. 

QUERY input text from terminal. 

10. Print <name> from пате # field 
address (nfa). 

HANG Wait for keystroke. 


OUTPUT FORMATTING 


NUMBER Convert string at address to double- 
precision number. 
<# Start output string. 


AIM 65/40 FORTH ROMs 


OUTPUT FORMATTING (CONT'D) 


# 


#5 


SIGN 
#> 


HOLD 
HDL 
- TRAILING 


LINE 
COUNT 


.R 


D. 
D.R 


DPL 
VOCABULARIES 
CONTEXT 
CURRENT 
FORTH 


ASSEMBLER 
DEFINITIONS 


VOCABULARY <пате> 


VLIST 


VOC-LINK 


VIRTUAL STORAGE 


LOAD 
BLOCK 
B/BUF 


B/SCR 
BLK 


SCR 


UPDATE 
FLUSH 


EMPTY-BUFFERS 
+ВЏЕ 

BUFFER 

RW 

USE 


PREV 


FIRST 
OFFSET 


Convert next digit of double-precision 
number and add character to output 
string. 

Convert all significant digits of double- 
precision number to output string. 

Insert sign of n into output string. 

Terminate output string (ready for 
TYPE). 

Insert АЗСИ character into output 
string. 

Hold pointer, user variable. 

Suppress trailing blanks. 

Display line of text from mass storage. 

Change length of byte string to type 
form. 

Print number on top of stack. 

Print number п1 right justified n2 
places. 

Print double-precision number n2 n2. 

Print double-precision number n2 n1 
right justified n3 places. 

Number of digits to the right of decimal 
point. 


Returns address of pointer to 
CONTEXT vocabulary. 

Returns address of pointer to 
CURRENT vocabulary. 

Main FORTH vocabulary. 

Assembler vocabulary. 

Set CURRENT vocabulary to 
CONTEXT. 

Create new vocabulary. 

Print names of all words in CONTEXT 
vocabulary. 

Most recently defined vocabulary. 


Load mass storage screen (compile or 
execute). 

Read mass storage block to memory 
address. 

System constant giving mass storage 
block size in bytes. 

Number of blocks/editing screen. 

System variable containing current 
block number. 

System variable containing current 
Screen number. 

Mark last buffer accessed as updated. 

Write all updated buffers to mass 
storage. 

Erase all buffers. 

Increment buffer address. 

Fetch next memory buffer. 

User read write linkage. 

Variable containing address of next 
buffer. 

Variable containing address of latest 
buffer. ` 

Leaves address of first block buffer. 

User variable block offset to mass 
storage. 

interpret next screen. 

Stop interpretation. 


A65/40-7050 
FORTH WORDS (CONT’D) 


AIM 65/40 FORTH ROMs 


PRIMITIVES SECURITY 
OBRANCH Run-time conditional branch. {CSP Store stack position in check stack 
BRANCH Run-time unconditional branch. pointer. 
ENCLOSE Text scanning primitive used by WORD. 2СОМР Error if not compiling. 
RO Location of Return Stack. ?CSP Check stack position. 
$0 Location of Parameter Stack. ?ERROR Output error message. 
ВР! Initialize Return Stack. ?ЕХЕС Not executing error. 
SP! Initialize Parameter Stack. ?PAIRS Conditional not paired error. 
NEXT The FORTH virtual machine. ?STACK Stack out of bounds error. 
ABORT Error; operation terminates. 
ERROR Execute error notification and restart 
system. 
MESSAGE Displays message. 
WARNING Pointer to message routine. 
FENCE Prevents forgetting below this point. 
WIDTH Controls significant characters of 
<name>. 
MATH PACKAGE FORTH WORDS (465/40-7040)" 
FLOATING POINT ARITHMETIC USER VARIABLE 
F+ Adds two floating point numbers. MIN-WIDTH Specifies the minimum field width to be 
Fe Subtracts one floating point number output. 
from another floating point number. DEC-LENGTH Specifies the number of places to the 
Е“ Muttiplies two floating point numbers. right of the decimal point to be 
F/ Divides one floating point number by output. 


another floating point number. 


UTILITY, SIGN AND COMPARISONS 


FABS Takes the absolute value of a floating 
point number. 

INT Truncates a floating point number to an 
integer. 

SGN Converts the sign of a floating point 
number to a floating point number. 

FSIGN Gets a value corresponding to the sign 
of a floating point number. 

FCOMP Compares the value of a compacted 
number in memory to а floating point 
number. 

POLYNOMIAL 

POLY Evatuates a polynomial with 
consecutive exponents. 

POLYODD Evaluates a polynomial with odd 
exponents. 


EXPONENTIAL AND LOGARITHMIC 


SQR Takes the square root of a floating point 
number. 

> Raises one floating point number to the 
power of another floating point 
number. 

EXP Raises the transcendental number e to 
the power of a floating point number. 

LOG Computes the logarithm to the base 10 
(і.е., common log) of а floating point 
number. 

LN Computes the logarithm to the base e 
(i.e., natural log) of a floating point 
number. 


*Requires AIM 65/40 FORTH ROMS be resident. 


ASCII/FLOATING POINT CONVERSIONS 


FIN Converts à number in memory from 
ASCII to floating point format. 

FOUT Converts a number from floating point 
to ASCII. 


FORMAT CONVERSION AND DATA MOVING 


M>F Unpacks the compacted number in 
memory to floating point. 
F>M Packs the floating point number to 


compacted format and stores the 
resuit in memory. 


М>А Unpacks the floating point number in 
memory. 

Ѕ>А Converts an integer to floating point 
format. 

S>F Converts an integer to floating point 
format. 

Fos Converts a number from floating point 


to an integer. 


TRIGONOMETRIC AND UNITS CONVERSION 


SIN Calculates the sine of a floating point 
number (іп radians). 

COS Caiculates the cosine of a floating point 
number (in radians). 

TAN Calculates the tangent of a floating 
point number (in radians). 

ARCTAN Calculates the arc tangent of a floating 
point number. 

DEGREES Converts a floating point number from 
radians to degrees. 

RADIANS Converts a floating point number from 


degrees to radians. 


FORTH LANGUAGE 


FORTH is a unique programming language well suited to a 
variety of applications. Originally developed for real-time control 
applications, FORTH has features that make it ideal for machine 
and process control, energy management, data acquisition, 
automatic testing, robotics and other input/output intensive 
applications where assembly language was previously consid- 
ered to be the only possible language choice. 


FORTH actually provides the best of two worlds. It has the 
looping and branching constructs of high-level! languages (DO 
... LOOP, BEGIN ... END, IF ... THEN апа IF ... ELSE 
... THEN) and the code efficiency of machine and assembly 
languages. FORTH allows programmers to specify addresses, 
operands and data in hexadecimal, octal, binary or any other 
number base from two to 40—a distinct advantage over lan- 
guages like BASIC, where all information must be in decimal. 


FORTH TARGET COMPILER 


The FORTH Target Compiler generates object code from арр!- 
cation programs written in FORTH. The object code is a compiled 
composite of the user’s application vocabulary and those portions 
of the Target Compiler nucleus necessary to support the appli- 
cation vocabulary. The disk-based FORTH Target Compiler 
operates on the AIM 65/40 Microcomputer in conjunction with 
the AIM 65/40 FORTH Interpreter ROMs, the RM 65 Floppy 
Disk Controller (FDC) module and the AIM 65/40 BDOS 1.0 
Upgrade Kit. 


The compiled object code, located at a user-specified origin with 
optional auto-start vectors, will execute in any 6502 CPU-based 
microcomputer system supporting the runtime nucleus memory 
map requirements. Application programs can also be developed 


to run on AIM 65/40 or RM 65 SBC module-based systems with 


supporting RM 65 memory and input/output modules, е.д., 
Analog Input/Output, IEEE-488 Interface, and Multi-function 
Peripheral Interface. Linkage to RM 65 Floppy Disk Controller, 
CRT Controller, and IEEE-488 module, as well as the AIM 65/ 
40 VO and Math Package, firmware can also be included for 
expanded application systems. 


Document No. 29001D19 


A65/40-7052 
AIM 65/40 FORTH TARGET COMPILER 
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A65/40-7052 
AIM 65/40 Microcomputer Family 


FEATURES 


e Fully compatible with FORTH programs developed with AIM 

65 or AIM 65/40 FORTH Interpreter ROMS 

Disk-based compiler operation with vocabulary overlays for 

—Text Editing 

—Disk Interfacing 

—Serial Input/Output 

—Compiling 

—Special Utilities 

e Easy compiler operation 

—Load screen direction 

—Compile tracing (mapping) 

—Compiles to RAM and/or disk 

Includes 6502 Macro Assembler with 

—Forward references 

—Symbolic labels 

—Relative branches 

Efficient object code generation 

—ROMable object code 

—Standalone operation 

—Minimum runtime nucleus 

— Optimized FORTH compiled vocabulary 

—User-specified origin 

e Flexible target computer installation 
— System independent (runs on any 6502 CPU-based system 

with minimal runtime memory map requirements) or 

—AIM 65/40 or RM 65 КО ROM autostart capability 


ORDERING INFORMATION 


Description 


AIM 65/40 FORTH Target Compiler 
АМ 65/40 FORTH Interpreter ROMs” 
AIM 65/40 BDOS 1.0 Upgrade Kit"? 
AIM 65/40 Math Package ROM‘ 


AIM 65/40-7052 
AIM 65/40-7050 
AIM 65/40-7092 
AIM 65/40-7040 
Order No. 
2105 


Description 
AIM 65 and AIM 65/40 FORTH Target 
Compiler User's Manual 
AIM 65/40 FORTH User's Manual 
AIM 65/40 Math Package User's Manual'?? 


2103 
2113 


Notes: 


(1) Required for FORTH Target Compiler operation. 
(2) Requires RM65-5101NE FDC module. 

(3) Included with A65/40-7052. 

(4) Included with A65/40-7050. 

(5) Included with A65/40-7040. 

(6) Optional 


Data Sheet Order Мо. 0119 
Rev. 1, January 1984 
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DEVELOPING FORTH PROGRAMS 


FORTH is built on subroutine-like functions, called “words.” 
These words are linked together to form a “dictionary,” which 
is the central core of the language. Writing a program in FORTH 
consists of using the dictionary words to define each new word. 
Once the new word has been defined it is added to the system 
dictionary and it becomes as much a part of the language as 
any other word that has been previously defined. In this way 
new features and extensions can be added by simply defining 
one or more new words. 


FORTH is a stack-oriented language, and is programmed in 
Reverse Polish Notation (RPN), the notation that is used in 
Hewlett-Packard scientific calculators. A data stack is an 
extremely efficient way of passing variables back and forth 
between operations and eliminates the need to tie up memory 
locations with variable tables. 


FORTH programs are developed using "top-down/bottom-up" 
techniques. That is, the programmer begins by defining the pro- 
gram in very general terms, then systematically breaks these 
definitions down into more and more detailed sub-modules. 
When the lowest levels of sub-modules have been defined, 
РОНТН coding begins with those levels, working back up toward 
the top of the program, in pyramid fashion. Each sub-module 
is a stand-alone component of the program, and can be 
debugged without having the complete program in the system. 
The interactive nature of FORTH supports this time efficient 
development technique. 


In most time-critical applications, at least part of the program 
must be written in assembly languages. FORTH has a built-in 
6502 macro assembler, and allows assembly language coding 
at almost any point in your program, without separate assembly 
and load steps or special machine level linkage. FORTH pro- 
grams typically run up to ten times faster than other interpretive 
languages, and can even approach the speed of machine lan- 
guage programs for some applications. 


The application program is developed, debugged and integrated 
with the user interface using the ROM-based FORTH Inter- 
preter. After program validation, the application is compiled into 
stand-alone object code with only required portions of the Target 


Required 
Perlpherais/ 
Firmware 


RM65-7141E АМ 65 Cable Adapter & Buffer 
Module for AIM 65/40 


RM65-7004E АМ 65 4-Slot Card Cage 
RM65-5101NE RM 65 Floppy Disk Controller (FDC) 

Module (Without ROM) 
A65/40-7090 АІМ 65/40 DOS 1.0 ROM, or 
A65/40-7092 AIM 65/40 BDOS 1.0 Upgrade Kit 
A65-40-7040 — АМ 65/40 Math Package ROM 
A65/40-7050 AIM 65/40 FORTH ROMs 

Floppy Disk Drives (2) 

CRT Monitor 


Notes: X — Required in addition to host microcomputer. 
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Nucleus. The compiled byte count will generally be less than 
the separate application/interpreter byte count. 


FORTH TARGET COMPILER OPERATION 


The disk-based, two-pass, FORTH Target Compiler compiles 
object code in one of two modes: BIG.COMPILE or QUICK. 
COMPILE. The QUICK.COMPILE mode compiles the entire 
object code directly to НАМ then saves the compiled code оп 
disk. The BIG.COMPILE mode compiles to 1K-byte buffer areas 
in RAM. When the buffer is full, the buffer contents are trans- 
ferred to disk then compilation continues. The BIG.COMPILE 
mode optimizes object code RAM requirements although it com- 
piles slower than the QUICK.COMPILE mode. 


Operation of the compiler is directed by one or more LOAD 
SCREENS. This technique provides the user with complete 
control of compiler variables, origin statements, cold start vec- 
tors and utility routines. The LOAD-SCREEN(s) then specify 
which user screens to compile and in what order. 


FLOATING POINT OPERATION 


The FORTH Target Compiler provides both single-precision 
(16-bit) and double-precision (32-bit) single integer arithmetic 
functions. If floating point arithmetic is desired, code words can 
easily be defined within the application program to link to external 
floating point subroutines. The АМ 65/40 Math Package ROM, 
located at address $8000-$8FFF can be installed in the appli- 
cation system. Alternatively, user-defined floating point func- 
tions may be linked to or even provided within the code 
definitions. 


SYSTEM REQUIREMENTS 


The AIM 65/40 FORTH Target Compiler operates in an АМ 
65/40 Microcomputer with 32K bytes RAM in conjunction with 
an АМ 65 FDC module with an АМ 65/40 DOS 1.0 or BDOS 
1.0 ROM installed on the FDC module. The following table lists 
two configurations of AIM 65/40 and НМ 65 hardware and firm- 
ware which may be used. Other configurations can be easily 
composed depending on the users development and арріса- 
tion requirements. 


AIM 65/40-2000 (AIM 65/40 SBC Module with 
32K RAM, Monitor ROMS, Extended 
Keyboard, and VDC Module) 


Host Computer 


A65/40-8315 (AIM 65/40 
Microcomputer System 
—Serles 8000) 


x x 
x x 
optional optional 
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FORTH WORDS 


GENERAL PURPOSE VOCABULARY 


The following FORTH words are provided in addition to those 
provided in the A65/40-7050 FORTH Interpreter ROMs (refer 


to Data Sheet No. D122). 


ABORT" 
ASCII 


COMBINE 


COMPILING 
DISKING 
EDITOR 
EXTERNAL 


FALSE 
H. 


НІ 
ЈРЕМО 
IFTRUE 


INTERNAL 


LO 
LOADER 


MODULE 


OFF 
ON 
ROLL 


ROOM 
SET 


SPLIT 
THRU 


TRUE 
U. 


UNRAVEL 
YIN? 


2ROT 


Prints TEXT if a run-time error occurs. 


During compile time, places a CLIT and 
the literal value of CHAR in the dictionary. 
In immediate mode, returns the ASCII 
value on the stack. 


Combines low byte of ! and high byte of h 
to form n. 


Activates the Compiler Vocabulary Overlay. 
Activates the Disk Vocabulary Overlay. 
Activates the Editor Overlay. 


Execution only. МРА of next word to be 
defined. 


Returns a false flag. 


Prints n as an unsigned hexadecimal 
value. 


Returns the high byte of n. 
Marks a place. 


Compiles the following input if f=1, 
otherwise skips. 


Returns the NFA of the latest word 
defined. 


Returns the low byte of n. 


Creates word NAME that loads screen 
no. n. 


Execution only. Places NFA1 into LFA of 
NFA2. 


Stores a 0 in ADDR. 
Stores a 1 in ADDR. 


Rotates the nth number to the top of the 
stack. 

п= RAM space left. 

Places value n in variable or constant 
NAME. 

Returns low and high byte of n. 


Performs sequential LOAD's beginning at 
Screen no. n and continuing through 
screen no. n. 

Returns a true flag. 

Outputs n as a double-precision number. 


Back traces the return stack. 

Asks the question YES? or NO?, 
depending on f, = 1 or 0. Returns f; as 
true or false depending on input match 
to f. 

Rotates double-precision numbers d;, 
dp, ds. 


Returns d; = d, * Ф. 
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ТЕХТ 


?DEF 
?RANGE 


?URANGE 


Double-precision OVER. 
Double-precision SWAP. 


Execution only. Creates а constant NAME 
with value n. 


Compares strings at ADDR1 and ADDR2 
for n bytes. Returns f—1 if same. 


IF NAME is defined, returns !=1. 


Returns f=1 if n2<n1<n3 for signed 
numbers. 


Returns f=1 if u2<u1<u3 for unsigned 
numbers. 


DISK VOCABULARY OVERLAY 


BACKUP 
BLOCKS 


COPY 
DOWN 


MASSACRE 
SCREENS 


SLATE 


SWEEP 


UP 


VERIFY 


VOLUME 


?WRONG 


8-72 


Copies all of drive 0 to drive 1. 


Copies block b1 through 61 +п to block b2 
through b2+n. 


Copies block b1 to block b2. 


Beginning at block b and continuing for n 
blocks, copies from drive 1 to drive 0. 


Clears n blocks beginning at block b, DRO. 


Copies screens S1 through S1+n to 
screens S2 through $2+n. 


WRITES blanks ($20) to block b relative to 
DRIVE 0. 


READS blocks b through b+n searching 
for disk errors. 


Beginning at block b, copies n blocks from 
drive 0 to drive 1. 


Compares blocks beginning at b1 to those 
beginning at b2 for n blocks and displays 
errors. 


Ңеште the block number of the block 0 of 
drive 2 relative to drive 0. 


\f bt = 02, then sets f=1, else sets f=0. 
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FORTH WORDS (Continued) 
EDITOR VOCABULARY OVERLAY 


BUFFERS 
INSERT-BUF An 80-byte buffer beginning at PAD + 80. 
FIND-BUF An 80-byte buffer beginning at PAD + 160. 


LINE ORIENTED COMMANDS: 


K Swaps the contents of the INSERT-BUF 
and FIND-BUF. 
LINE On current screen, returns the RAM 


address of the beginning of the line#. 


M Replaces INSERT-BUF and line# in 
block# with current referenced line. 


NEW Beginning at line#, clears each line and 
allows a NEW line to be typed in. Input is 
terminated by a null line entry (CR CR). 
Ciears remaining lines on the current 


screen. 
Р Copies text into the INSERT-BUF and the 
current line until the delimiter (CR) is 
encountered. 
TILL Beginning at the current cursor address, 


deletes text unTILL the end of the 
matching text string is encountered. The 
text is held in FIND-BUF. 


T Moves cursor to beginning of line# in 
current screen. Shows the line. 


9 Copies text into the INSERT-BUF and the 
line on the current screen under the cursor. 


x Copies the current line into INSERT-BUF. 
Then deletes the line and scrolls the 
screen up. The last line becomes a blank. 


>LINE € Returns the current cursor line#. 

(DELETE) Referring to the current cursor position, 
deletes n preceding characters and calls 
UPDATE. 

(HOLD) Copies the referenced line number into 


INSERT-BUF and UPDATE. 


(KILL) Blanks line# and UPDATE. 

(PUT) Repiaces the current line with contents of 
INSERT-BUF. 

? Prints the current line with the cursor at 


current cursor position and the line number 
at the end of the line. 


ТИМЕ Searches the current tine after cursor 
position for a match to contents of FIND- 
BUF. Repositions cursor to it if a match is 
found and sets f=1. If no match is found, 
sets f=0 and positions the cursor to the 
next line. 
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STRING ORIENTED COMMANDS: 


D 


Finds the text, deletes it and shows the 
line. 


F Finds the text, positions the cursor at the 
end of the text string and shows the line. 

| Inserts the contents of INSERT-BUF into 
line at cursor position. 

MATCH Searches the memory space beginning at 
ADDR2 for CNT2 for a match of the data 
beginning at ADDR1 for CNT1. If no match 
is found, sets f=1 and ADDR3=ADDR1 + 
CNT1. If a match is found, sets f=0 апа 
ADDR3=address of the next byte after the 
matching string. 

(5 Locates the text in the buffer (а subpart of 
the F command). 

#LAG Returns the address of the character 
following the cursor and then counts to the 
end of the line. 

#LEAD Returns the address of the character 
preceding the cursor and the count to the 
beginning of the line. 

SCREEN COMMANDS 

B Moves to last Боск. 

L Lists current screert. 

N Moves to next block. 

TOP Moves cursor to the top line of the text. 

WIPE Ciears the entire screen. 

MISCELLANEOUS COMMANDS 

BUF-MOVE Move non-null contents of PAD to ADDR. 

E Erases the string in front of the cursor for a 
length equal to the string in FIND-BUFF. 

R Replaces string identified by FIND-BUFF 
with TEXT. 

$ Beginning at current screen and continuing 
through screen #n, searches for a string 
match to TEXT and displays match 
occurrences. 

CURSOR COMMANDS 

В# Returns the cursor position (л). 

#LOCATE Returns byte position of cursor and line 
number. 

>> Adds n to cursor position and displays the 


line. 
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FORTH WORDS (Continued) 


TEXT Takes text from input stream until DLIMiter 
character is encountered (65 characters 
maximum). Moves text to PAD and fills to 
65 characters with blanks ($20). 

USE Displays CHAR as the cursor. 

WHERE Displays where an error in LOADing 


occurred. Also shows context and current. 


TARGET COMPILER VOCABULARY 
OVERLAY 


LISTS 

SYMBOLS Defines names in the object code. 
LOCALS Defines words at compile time only. 
MAGICS Immediate words. 


SWITCHES & FLAG WORDS (directives active during compile) 
ON Changes switch state to ON. 


OFF Changes switch state to OFF. 


MAPPING Prints or displays the name and CFA of 
each WORD when created. 

GAG Suppresses most non-fatal error 
messages. 

AUTO.FORWARD Automatic forward reference for undefined 
words. 

NUMERIC Values must be preceded by a valid 
decimal character to be a valid number. 

ROMABLE Generates read-only code. 


CONTROL WORDS 


FORWARD Forces forward reference of the name 
immediately following. 

WIDE Name field length (headerless code). 

SET Changes the value of FORTH user 
constants. 

WINDOW.LO Defines the Target address space 

WINDOW.HI boundaries. 

DESTINATION Defines the target buffer block number. 

RAM.LO Identifies nucleus RAM boundaries. 

RAM. HI Extends from RAM.LO for USER.SIZE 
bytes. 

USER.SIZE Number of bytes reserved beginning at 


RAM.LO. RAM between RAM.LO + 
USER.SIZE and RAM.HI is used for work 
buffers (PAD, etc.) when ROMABLE flag is 
set. 


ORIGIN 


FAST.COMPILE 


BIG.COMPILE 


CLEAR.TARGET 


READY 


START 


DEFINING WORDS 


LABEL 


VARIABLE 


BYTES 


RAM 


BCC, BCS, BNE, 
ВЕС, BPL, BMI, 
BVC, BVS, 


MAGIC WORDS 
DLITERAL 


ASCII 


DOES> 


:СОрЕ 


LOCATE 


REVEAL 


HIDE 
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Compiler's target dictionary. 


Target space will be RAM only, based on 
WINDOW.LO and WINDOW.HI. 


Target space maybe virtual data space on 
disk. 


Fills the target area with zeros. 


initializes internal variables to their default 
value. 


Begins the compilation. Everything 
following this command will be interpreted 
or compiled in the simulated target 
machine environment. 


Generates an equate type statement. 


For use in assembly language to provide 
flexibility and allow code sharing. 


If ROMABLE is true, VARIABLE becomes 
a USER variable, otherwise variable is 
identical to ROM-based FORTH. 


Sets aside bytes in RAM area (like 
ALLOT). 


Equivalent to ROM command HERE. 
Returns current RAM address. 


Relative branch opcodes for assembly 
operation. 


Compiles a double number in line. 


Compiles CLIT of following ASCII 
character. 


Immediate word to separate <BUILDS 
DOES> into TARGET NUCLEUS and 
Target Compiler. 


Identical to CODE but also sets a pointer 
for LOCATE. 


Informs the compiler where the execution 
time CODE is located. 


Similar to SMUDGE. 


Sets the SMUDGE bit on the last target 
word, 
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DISK OPERATING SYSTEM 


A disk operating system (DOS) provides a standard interface 
between the user and one or more floppy disk drives, floppy disk 
control (FDC) hardware and executive level software. The DOS, 
implemented in software, allows program and data files to be 
opened, closed, read and written under operator or program 
control. In an interactive environment, commands are usually 
initiated by the operator from the keyboard in response to user 
friandly prompts displayed by the system. 


PRODUCT OVERVIEW 


The AIM 65/40 Disk Operating System Version 1:0 (DOS 1.0) 
provides disk and file management functions for the AIM 
65/40 Microcomputer in conjunction with an RM 65 Floppy Disk 
Controller (FDC) module. With this configuration, mass storage 
files can be easily manipulated when connected to one to four 
5%” or 8" floppy disk drives. DOS 1.0 functions, contained on 
a 4K-byte ROM that plugs into the FDC module, are available 
immediately upon computer power turn-on without waiting for 
separate loading of a disk-based DOS into RAM. 


DOS 1.0 functions are operator commandable through inter- 
active AIM 65/40 Debug Monitor/Text Editor operation as well 
as language (assembler, compiler and/or interpreter) operation. 
Text and program source code may be written to, and read from, 
disk with the Editor List and Read commands, respectively. 
Binary data and program object code may be written to, and 
loaded from, disk using the Debug Monitor Dump and Load 
commands, respectively. Files containing source and object 
code for application programs written in AIM 65/40 Assembler, 
BASIC, and FORTH languages are therefore supported. In 
addition, utility functions format a disk, list the contents of the 
disk directory, delete a file, recover a file and backup a disk upon 
command. The DOS functions may also be called under pro- 
gram control by the application program into order to read and 
write data files. 


Disk read or write errors, both at the DOS and FDC hardware 
level, are reported upon detection. User-alterable variables allow 
changing of default values to application unique values. 


Disks formatted by AIM 65/40 DOS 1.0 are compatible with AIM 
65 DOS 1.0 and АМ 65/40 BDOS 1.0. Files written by any of 
these DOS programs may therefore be read by either 
microcomputer. 


A65/40-7090 
AiM 65/40 Microcomputer Family 


A65/40-7090 
AIM 65/40 DISK OPERATING SYSTEM 


VERSION 1.0 (DOS 1.0) ROM 


FEATURES 


AIM 65/40 Microcomputer compatible 
ROM resident for immediate operation 
Installs on-board RM 65 Floppy Disk Controller (FDC) module 
Provides mass storage of programs and data 
Compatible with AIM 65 high level language and Assembier 
ROMs 
e Disk oriented commands (format, list, backup) 
e File oriented commands (list, delete, recover) 
® Input/Output commands 
—Read and write text and object code 
—Automatic file open and close 
e User-alterable variables 
— Utility function and error handling vectors (before and after 
DOS functions) 
—Enrror handling vectors (before and after DOS functions) 
— input/output vectors 
Extensive error detection and reporting 


MEMORY MAP 


COT | mms — 


$8F00-$8FFF RM 65 FDC Module /O 

$8000-$8E FF DOS 1.0 Program 

$3E00-$3FFF DOS 1.0 VO Buffer (default location) 
$500-$563 DOS 1.0 Variables 
$4A0-$4FA DOS 1.0 Variables 
$D7-$DE DOS 1.0 Variables 


ORDERING INFORMATION 


Description 


AIM 65/40 DOS 1.0 ROM 
RM 65 FDC Module (without ROM 
containing primitive subroutines’) 


Description 


А65/40-7090 
RM65-5101NE 


Order No. 


[82 | НМ65ҒОС Module Users Manual" 


NOTES: 

1. Describes user's instructions for AIM 65/40 DOS 1.0. 
Included with A65/40-7090 and RM65-5101NE. 

2. The DOS 1.0 ROM includes primitive subroutines in addition 
to DOS functions. 


Document No. 29001016 
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DISK OPERATING SYSTEM 


A disk operating system (DOS) provides a standard interface 
between the user and one or more floppy disk drives, floppy disk 
control (FDC) hardware and executive level software. The DOS, 
implemented in software, allows program and data files to be 
opened, closed, read and written under operator or program 
control. In an interactive environment, commands are usually 
initiated by the operator from the keyboard in response to user 
friendly prompts displayed by the system. 


PRODUCT OVERVIEW 


The AIM 65/40 Bootstrap Disk Operating System Version 1.0 
(BDOS 1.0) provides disk and file management functions for the 
AIM 65/40 Microcomputer in conjunction with an RM 65 Floppy 
Disk Controller (FDC) module. With this configuration, mass 
storage files can be easily manipulated when connected to one 
to four 574" or 8" floppy disk drives. BDOS 1.0 functions, con- 
tained on a 4K-byte ROM that plugs into the FDC module, are 
available immediately upon computer power turn-on without 
waiting for separate loading of a disk-based DOS into RAM. 


The AIM 65/40 BDOS 1.0 provides a bootstrap and autostart 
capability in addition to the same functions as AIM 65/40 DOS 
1.0 (A65/40-7090). It is also located higher in memory than AIM 
65/40 DOS 1.0 to allocate RAM at $8XXX to disk-resident 
system or application software. If neither AIM 65/40 Debug 
Monitor nor BASIC Interpreter ROMs are instalied, a bootstrap 
function can be read from the disk and executed to load and 
autostart an application program. The BASIC or Debug Monitor 
command level will be entered if the AIM 65/40 BASIC or Debug 
Monitor ROMs are installed (BASIC overrides the Debug Men- 
itor) unless overridden by an application autostart via the AIM 
65/40 /О ROM. АМ 65 BDOS 1.0 does not contain DMA rou- 
tines, however, indirect vectors are provided for user addition. 


Disks formatted by AIM 65/40 BDOS 1.0 are compatible with 
AIM 65 DOS 1.0 and AIM 65/40 DOS 1.0. Files written by any 
of these DOS programs may therefore be read by either 
microcomputer. 


The upgrade kit includes: 


For installation on RM 65 FDC Module 
AIM 65/40 BDOS 1.0 ROM 
FDC Module addressing PLA (495R23-003) 


For installation on the AIM65/40 SBC Module 
AIM 65/40 I/O ROM V1.1 (R32T3-14) 
AIM 65/40 Monitor/Editor ROMs V1.1 
(R32U5-13 and R32U6-13) 


Е а E PE YP 


Document No. 29001D29 


A65/40-7092 
AIM 65/40 BOOTSTRAP DISK OPERATING 
SYSTEM VERSION 1.0 UPGRADE KIT 


A65/40-7092 
AIM 65/40 Microcomputer Family 


FEATURES 


AIM 65/40 Microcomputer compatible 

ROM resident for immediate operation 

Installs on-board RM 65 Floppy Disk Controller (FDC) module 
Provides mass storage of programs and cata 


Compatible with AIM 65 high level language and Assembler 
ROMs 


e Disk oriented commands (format, list, backup) 
File oriented commands (list, delete, recover) 
e Input/Output commands 

—Read and write text and object code 

— Automatic file open and close 
User-alterable variables 


— Utility function and error handling vectors (before and after 
DOS functions) 


—Input/output vectors 
— VO buffer vectors 
Extensive error detection and reporting 


MEMORY MAP 


Address (Hex) Contents 
$E000-SEFFF DOS 1.0 Program 
TOP OF RAM DOS 1.0 VO Buffer 
$500-$563 DOS 1.0 Variables 
$4A0-$4FA DOS 1.0 Variables 
$D7-$DE DOS 1.0 Variables 


ORDERING INFORMATION 


Part No. Description 


| А65/40-7092 АМ 65/40 BDOS 1.0 Upgrade Kit 
RM65-5101NE | RM 65 ЕОС Module (without ROM containing 
| primitive subroutines") 


| Order Мо. Description 
2152 AIM 65/40 BDOS, 1.0 User's Manual? 
288 АМ 65 Monitor/Editor Program Listing 
280 AIM 65/40 System User's Manual 
262 АМ 65/40 ИО ROM Program Listing 
Notes: 


1. BDOS 1.0 ROM in upgrade kit includes primitive subroutines | 
in addition to DOS functions. 
2. Included with A65/40-7092 


Data Sheet Order No. D129 
Rev. 1, January 1984 
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RM 65 MICROCOMPUTER MODULE FAMILY 
Standard Boards Cut Design Costs, Offer Flexibility 


RM 65 microcomputer modules offer a simple Solution to 
designing hard working biue collar microcomputer systems. 
You start with an R6502 based single board Eurocard-sized 
computer. Then you add functions, exactly as required, with 
additional Eurocards. Program your system in either FORTH 
or BASIC, control essentially any peripherals the system 
may need. There’s no more optimum way to quickly and 
economicaily put together prototype and small to medium 
run systems. 

The RM 65 family includes a single board computer, 
memory, general purpose ИО, intelligent peripheral 
controllers and accessory modules. Silicon software 
supports the family with BASIC, FORTH and peripheral 
drivers. Plus, the family includes card cages, buffers, 
adapters, cabling, extender module, everything needed 
for complete system implementation. 


“тамы 


Тһе RM 65 microcomputer modules аге ali Eurocard 
sized, 100 mm x 160 mm. Memory modules include 8K 
static RAM, 32K dynamic RAM, 16K PROM/ROM and a 
PROM programmer. ROMs include ИО, BASIC and FORTH. 
There is an ІЕЕЕ-488 module, general purpose ИО and 
timer module, ACIA module, and а multifunction peripheral 
controller module. 

An analog input/output module aliows an RM 65 system 
to interface with thermocouples, strain gages, pressure 
sensors and similar analog devices. Floppy disk and CRT 
controller modules allow RM 65 systems to drive displays 
and removable memory. A direct memory access controller 
allows RM 65 systems to have high data transfer rates 
when needed. ' 

Since the RM 65 blue collar family is designed around the 
R6500 family, systems can be readily redesigned into 
R6500 devices as volume or application warrant. RM 65 lets 
you design custom systems with standard boards, buying 
only what you need, when you need it. 


N 


Rockwell 


RM 65 MICROCOMPUTER MODULES 


The RM65-1000E Single Board Computer Module is one of the 
hardware options available for the RM 65 Microcomputer Module 
family. 


RM 65 Microcomputer Modules are designed for OEM and end 
user microcomputer applications requiring state-of-the-art per- 
formance, compact size, modular design and low cost. Software 
for RM 65 systems can be developed in R6500 Assembly Lan- 
guage, PL/65, BASIC and FORTH. Both BASIC and FORTH are 
available in ROM and can be incorporated into the user's system. 


RM 65 Microcomputer Modules use a motherboard interconnect 
concept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
АМ 65 products may also be used with Rockwell АМ 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desk-top microcomputer applications. 


PRODUCT OVERVIEW 


The RM65-1000E Single Board Computer (SBC) Module allows 
users to design their products into compact modular stacks. The 
SBC module plugs into a single slot in an RM 65 card cage/ 
motherboard and controls other memory and ИО modules. The 
heart of the SBC module is an R6502 CPU, which is capable 
of addressing 65K bytes of memory. In addition, the SBC module 
contains bank address logic which allows addressing of one or 
two 65K byte memory banks. Sockets on the module accept up 
to 16K bytes of PROM/ROM. 2K bytes of static RAM are also 
provided. 


An R6522 Versatile Interface Adapter (VIA) provides two 8-bit 
parallel ЏО data lines, two 2-bit control lines, two counter-timers 
and an 8-bit shift register. On-board switches assign memory 
sections to 4K byte blocks. All address, data and control lines 
are buffered. 


ORDERING INFORMATION 


Part No. 
RM65-1000E 
Order No. 


809 


Document No. RMA65N10 


Description 
Single Board Computer (SBC) Module 


Description 


Single Board Computer (SBC) Module User's 
Manual (included with RM65-1000E) 


RM65-1000E 
RM 65 Microcomputer Family 


RM65-1000E 


RM65 SINGLE BOARD COMPUTER 


(SBC) MODULE 


FEATURES 


е Compact size—about 4" x 6%" (100 mm x 160 mm) 

e Pin and socket bus connection 

e On-board R6502 CPU 

e 2K of 2114 static RAM 

e Two sockets for up to 16K PROM/ROM 

e Supports the following PROM/ROM or equivalents 
—TI TMS 2516, TMS 2532 and Motorola MCM 68764 PROMs 
— Rockwell R2316, R2332, or А2364 ROMs 

e R6522 Versatile Interface Adapter (VIA) and /О Interface 

e Fully Buffered Address, Data, and Control lines for RM 65 

Bus 

Separate switches allow RAM, PROM/ROM, and VIA to be 

individually dedicated to one or two 65K byte memory banks 

e Jumpers allow selection of the following 

— 2K, 4K or 8K PROM/ROMs 

— RAM, PROM/ROM and I/O starting address to 4K byte 
boundary 

—On-board or External bank addressing source 

— Programmable DMA Terminate 

—On-board or external clock source 

+5V operation 

Fully assembled, tested and warranted 


RM65-1000E Single Board Computer (SBC) Module 


Data Sheet Order No. RM10 
Rev. 2, May 1983 


АМ65-1000Е 
FUNCTIONAL DESCRIPTION 


The Clock Circuit uses a crystal-controlled oscillator to provide 
a stable 1-MHz clock reference. A jumper selects between the 
internal clock reference or an external clock (to 1 MHz) as the 
source for the R6502 and the derived system clock. 


The Reset Control circuit conditions the Reset signal to drive 
the R6502 Reset line. A reset can be generated by either the 
on-board reset pushbutton or an external switch. This circuitry 
also generates a reset automatically, upon power-up. 


The R6502 Central Processing Unit (CPU) is the heart of the 
SBC Module and any interfacing Modules connected to the RM 
65 Bus. The R6502 controls all program execution by means 
of the address, data, control, and timing lines. All internal R6502 
Operations are synchronized to the clock source. 


The Bank Select Control circuit detects when the SBC Module's 
assigned memory bank is addressed, by comparing the Bank 
Address signal to the Bank Select Enable and Bank Select 
switches. The Bank Select Enable Switches allow all on-board 
PROM/ROM, RAM, & VIA to be independently assigned common 
to both Bank 0 (lower 65K) and Bank 1 (upper 65K) or dedicated 
to either Bank 0 or Bank 1, depending on the Bank Select 
switches. A jumper allows the Bank Address signal to be driven 
by the on-board R6522 VIA or from another module. 


The Base Address Decoder uses the six most-significant address 
bits and the Base Address Jumpers to generate chip selects for 
the on-board PROM/ROM, RAM, and VIA. The RAM and VIA 
can be independently mapped into any 4K block of the selected 
65K bank. The PROM/ROMs may be mapped into any 4K or 
8K block of the selected bank. 


The 16K PROM/ROM section has two sockets which can accept 
2K, 4K or 8K PROM/ROM devices. The size and type of PROM 


Single Board Computer (SEC) Module 


or ROM is specified by the Base Address selection jumpers and 
the PROM/ROM type jumpers. 


The 2K RAM section uses four 1K x 4 RAM devices to provide 
on-board read/write memory. 


The R6522 Versatile interface Adapter (VIA) provides input- 
output capability to the SBC Module. The VIA provides two 8- 
bit ИО ports each with two control lines. Both ports and control 
lines are brought out to a connector for user applications. 


The SBC Module can control up to 15 additional support mod- 
ules by means of the RM 65 Bus. There are three groups of 
signals on the ВМ 65 Bus: data, address, and control. 


The Data Transceivers invert and transfer eight bits of parallel 
data between the SBC Module and the RM 65 bus. The direction 
of the transceivers is controlled by the read/write signal from the 
86502. The transceivers are disabled when the on-board PROM/ 
ROM, ВАМ, or VIA is addressed ог when the Bus Float signal 
from the RM 65 Bus is active. 


The Address Buffers invert and transfer 16 paralleli address bits 
from the SBC Module to the RM 65 bus. 


The Control Buffers buffer all control and clock signals between 
the SBC Module and the RM 65 bus. The Non-Maskable Inter- 
rupt, Interrupt Request, Set Overflow, External Clock (00), Неаду 
and Виз Float input lines are buffered coming from the RM 65 
bus into the SBC Module. The DMA Terminate, Reset and 
Phase 1 Clock (61) output lines are always driven from the SBC 
Module onto the RM 65 Bus. The other six output lines for Read/ 
Write, Phase 2 Clock, sync, and Bank Address are also buff- 
ered, but are tri-stated (disabled) when the Bus Float signal is 
active. 
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АМ65-1000Е Single Board Computer (SBC) Module 
RM 65 Bus Pin Assignments 
Bottom (Solder Side) Top (Component Side) 
Signai Signai 
Pin Mnemonic Signai Name Pin Mnemonic Signal Name 
1a GND Ground 1c +5V +5 Vde 
2a BADR’ Buffered Bank Address 2c ВА15/ Buffered Address Bit 15 
3a GND Ground 3c ВА14/ Buffered Address Bit 14 
4a ВА13/ Buffered Address Bit 13 4c ВА12/ Buffered Address Bit 12 
5a ВА11/ Buffered Address Bit 11 5c GND Ground 
6a BA10/ Buffered Address Bit 10 6c BA9/! Buffered Address Bit 9 
7a BA8/ Buffered Address Bit 8 7с ВА7/ Buffered Address Bit 7 
8a GND Ground 8c ВАв/ Buffered Address Bit 6 
9a BA5/ Buffered Address Bit 5 9c ВА4/ Buffered Address Bit 4 
10a BAY Buffered Address Bit 3 10c GND Ground 
11а BA2/ Buffered Address Bit 2 11с ВА1/ Buffered Address Bit 1 
12a ВАО/ Buffered Address ВИ 0 12с вд Buffered Phase 1 Clock 
13a GND Ground 13с BSYNC Buffered Sync 
14a BSO Buffered Set Overflow 14c BDRQ1/ *Buffered DMA Request 1 
15а BRDY Buffered Ready 152 GND Ground 
16a “User Spare 1 16c —12V/-V *—12 Vdc/ -V 
17a +12V/+V *+12 Vdc/+V 17c *User Spare 2 
18a GND Ground line 18c BFLT/ Buffered Bus Float 
19a BDMT/ Buffered DMA Terminate 19c вфо Buffered External Phase 0 Clock 
20a «User Spare 3 20c GND Ground 
21а BR/W/ Buffered Read/Write "Not" 21c BDRQ2/ “Buffered DMA Request 2 
22a *System Spare 22с BRW Buffered Read/Write 
23a GND Ground 23c BACT/ *Buffered Bus Active 
24a BIRQ/ Buffered Interrupt Request 24с BNMI/ Buffered Моп-МаѕкаЫе Interrupt 
25a Bj2/ Buffered Phase 2 "Not" Clock 25c GND Ground 
26a вф2 Buffered Phase 2 Clock 26c BRES/ Buffered Reset 
27a BD7/ Buffered Data Bit 7 27с BD6/ Buffered Data Bit 6 
28a GND Ground 28c BD5/ Buffered Data Bit 5 
29a BD4/ Buffered Data Bit 4 29c BD3/ Buffered Data Bit 3 
30a BD2/ Buffered Data Bit 2 30с GND Ground 
31a BD1/ Buffered Data Bit 1 31c BDO/ Buffered Data Bit 0 
32a FON +5 Мас 32c GND Ground 
Note: 
* Not used on this module. 
MATING 
MOTHERBOARD 


WIDTH 


6.8 iN. 
(172 ММ) 
LENGTH TE 


nl 


Eu [SEE EUROCONNECTOR 


EXTENSION 


AND RECEPTACLE 


EUROCARD CONNECTOR 
COMPONENT AREA 


RM 65 SBC Moduie Dimensional Outline 
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АМ65-1000Е 


SPECIFICATIONS 


Single Board Computer (S 


BC) Module 


- 


Parameter 


m 


Value 


Dimensions (See Notes) 
Width 


3.9 in. (100 mm) 


Length 6.3 in. (160 mm) 
Height 0.56 in. (14 mm) 
Weight T 5.6 oz. (160 9) 


Environment 
Operating Temperature 
Storage Temperature 
Relative Humidity 


0°C to 70°C 
—40°С to +85°С 
0% to 85% (without condensation) 


Electrical 
Power Requirements 


+5 Мас +5%, 0.75 А (3.5 W)—Typical 
1.2 А (6.0 W)—Maximum 


Interface 
RM 65 Bus Interface 


КО Connector 


RESET Switch Connector 


64-pin plug (0.100 in. centers) per DIN 41612 (Row B not installed) 


40-pin 3M mass termination (0.100 in. centers) 


2 vertical pins (0.3 in. high) on 0.200 in. center 


Notes: 
Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 


1. 


2. 
3. 


thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 


Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 
Dimensions conform to DIN 41612. 


6% 
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RM65-0110 


RM 65 Microcomputer Family 


RM65-0110 


RM 65 INPUT/OUTPUT (I/O) ROM 


INPUT/OUTPUT FUNCTIONS 


The input/output (I/O) functions in a microcomputer performs 
interface processing between an application program and 
peripheral devices, e.g. display, printer and keyboard. These 
functions are usually implemented as closed subroutines that 
may be called by the application program or as part of an 
operating system that operates on passed parameters. The I/O 
functions normally issue operating commands to the periph- 
erals, monitor status from the peripherals and transfer data to 
and from the peripherals. Data formatting and message protocol 
stripping is also usually performed. in addition, general purpose 
utility functions supporting ИО operations are often provided. 


PRODUCT OVERVIEW 


The RM 65 /О ROM contains initialization, interrupt and /О 
processing functions to interface AIM 65/40 peripherals to an 
RM 65 Single Board Computer (SBC) based microcomputer 
system. The processing and entry points, in most cases, are 
identical to the AIM 65/40 /О ROM, to enable an application 
program developed on the AIM 65/40 Microcomputer to be 
easily transferred to the RM 65 environment for final validation 
and production operation. Source code entry, editing, compila- 
tion and/or assembly, and debugging can be performed on the 
AIM 65/40 Microcomputer with its extensive development aids 
using the AIM 65/40 Debug Monitor/Text Editor and the desired 
language. The AIM 65/40 peripherals connected to the AIM 65/ 
40 SBC module can support development as well as application 
checkout in this configuration. 


Іп а minimum RM 65 module installation consisting of only the 
RM 65 SBC module (RM65-1000E), the 4K-byte RM 65 ИО 


ROM іп one SBC module socket supports an application pro-- 


gram in the other SBC module socket for user-defined I/O over 
the SBC module parallel ИО port. The addition of one RM 65 
Multifunction Peripheral Interface (MPI) module (RM65-5223E) 
allows interface to an AIM 65/40 Keyboard and either the AIM 
65/40 40-Character Display or AIM 65/40 Video Display Con- 
troller in one configuration, or the AIM 65/40 Graphics Printer 
and a user-defined interface in the other configuration. Instal- 
lation of two RM 65 МР! modules supports both configurations. 


MEMORY MAP 


Address (Hex) 


$FFFA-$FFFF 
$F000-$FFF9 
$1000-$1FFF 
$200-$49F 
$FO-SFF 


Contents 


NMI, RES and IRQ Vectors 

УО ROM Program 

System I/O 

/О ROM Vectors, Constants and Variable 
VO ROM Variables 


FEATURES 


RM 65 SBC module compatible 

AIM 65/40 /О ROM interface compatible 

ROM resident for immediate operation 

Supports AIM 65/40 Peripherals 

—40-Character Display (A65/40-0400) 

—Video Display Controller Module (A65/40-0800) 

—Graphics Printers (A65/40-0600) 

—Standard Keyboard (A65/40-0200) 

—Expanded Keyboard (A65/40-0210) 

Interrupt Handlers 

— Interrupt Request (IRQ) with before and after user linkage 

—Non-Maskable Interrupt (NMI) with before and after user 
linkage 

—Reset (RES) 

— Break instruction linkage 

Initialization Functions 

—Cold and warm start variable initialization 

— Autostart linkage to application programs 

Provide input/output handlers for 

— Keyboard (system terminal) input 

—Display/printer (system terminal) output 

—Memory input/output 

— Floppy disk (RM65-5101E) 

—Printer output — 

— Interactive user-defined input/output 

—Non-interactive user-defined input/output 

— Null output 

User-alterable variables 

— input/output vectors 

—Interrupt vectors 


ORDERING INFORMATION 


Description 
RM 65 /О ROM 


Description 


RM 65 ИО ROM User's Manual" 


Note: 
*Included with RM65-01 10. 


Document No. RMA65N29 


Data Sheet Order No. RM29 
March 1983 


BASIC LANGUAGE 


BASIC is a simple but powerful computer program language. 
Originally developed at Dartmouth University, BASIC has gained 
universal acceptance and is commonly used world-wide іп 
schools, industry, and science. 


The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved. Internal floating point 
arithmetic handles а wide range of numeric values 
(2.93873588E —39 to 1.70141183E +38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtrac- 
tion, multiplication and division, a full set of transcendental func- 
tions support trigonometric, exponential, square, square root, 
polynomial and logarithmic operations. 


PRODUCT OVERVIEW 


RM 65 Run-Time BASIC, consisting of input formatter, lister, 
interpreter, floating point functions and input/output linkage, is 
contained in an 8K-byte ROM that plugs into an RM65-1000 
Single Board Computer (SBC) or RM65-3216 PROM/ROM 
module for development or run-time operation in the RM 65 
environment. This run-time package allows an application pro- 
gram written in BASIC to be developed on an AIM 65 Micro- 
computer using its on-board peripherals (keyboard, single line 
display and printer) and ROM resident Debug Monitor and Text 
Editor and then transferred to the RM 65 module for run-time 
operation. 


Ail input/output functions for use with RM 65 Run-Time BASIC 
are user-provided and link to the application program through 
one or more of the 10 I/O vectors provided in the run-time ROM. 
BASIC words such as LOAD, SAVE, PRINT, INPUT, READ and 
GET link through these vectors to the ИО functions. 


The RM 65 Run-Time BASIC can be used in the development 
mode by user-provided AIM 65 equivalent input/output func- 
tions. in fact, the RM 65 Run-Time BASIC ROM can be installed 
on an RM 65 PROM/ROM module, the module connected to an 
АМ 65 Microcomputer, the /О vectors loaded to point to AIM 
65 Monitor ROM functions, then development and/or final pro- 
gram validation performed on the AIM 65 Microcomputer before 
transferring the application program object code to PROM/ROM. 


Document No. RMA65N30 


RM 65-0122 
RM 65 RUN-TIME BASIC INTERPRETER ROM 


RM65-0122 
RM 65 Microcomputer Family 


LANGUAGE FEATURES 


BASIC is easy to learn 

Microsoft BASIC is universally accepted 
BASIC is widely used 

Supports simple and complex statements 
Floating point arithmetic functions 

— Add, subtract, multiply, divide 

— Trigonometric (sine, cosine, tangent, arctangent) 
—Exponential, square, square root 

— Natural logarithm 

String variables and arrays 

Integer variables 

Subroutine calls 

Conditional expressions 

User function 


INTERPRETER FEATURES 


e RM 65 Single Board Computer (SBC) module host and/or 
target 
® ROM resident for immediate operation 


• Compatible with indirect statements entered on AIM 65 
Microcomputer with AIM 65 BASIC 


e VO vectors link to user-provided peripheral drivers 


ORDERING INFORMATION 


Part No. Description 1 
RM65-0122 RM 65 Run-time BASIC ROM 

A65-020 AIM 65 BASIC ROMs 

Order No. Description 


810 
221 


RM 65 Run-time BASIC User's Manual” 
AIM 65 BASIC User's Manual? 


Notes: 
1. Included with FIM65-0122. 
2. Included with А65-020. 


Data Sheet Order No. RM30 
March 1983 


RM65-0122 


MEMORY MAP 


$B000-SCFFF BASIC Program 
$248-$2DC BASIC Input/Output Buffers 


$218-$247 BASIC Variables 
$200-$217 BASIC ИО Vectors 
BASIC Varlables 


STATEMENTS 


Run-Time BASIC Interpreter ROM 


PROM PROGRAMMING 


The application program object code can be programmed 
into a PROM for operation in an OEM or end-user environ- 
ment using an AIM 65 PROM Programmer & CO-ED module 
(А65-901) or an RM 65 PROM Programmer module (RM65- 
2901E) connected to the AIM 65 Microcomputer. 7 


Program Statements 


DEF FN 
DIM 


RESTORE 
RETURN 
STOP 
USR 
WAIT 


Commands String Functions 
CLEAR ASC 
CONT CHR$ 
FRE LEFT$ 
LIST LEN 
LOAD MID$ 
NEW RIGHT$ 
PEEK STR$ 
POKE VAL 
RUN 
SAVE Arithmetic Functions 
" ABS 
Input/Output ATN 
DATA cos 
GET EXP 
INPUT INT 
READ LOG 
PRINT RND 
SPC SIN 
TAB SGN 
POS SQR 
TAN 


*Input/output functions tink through VO vectors to user-defined functions. 
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FORTH LANGUAGE 


FORTH is a unique programming language well suited to a 
variety of applications. Because it was originally developed for 
real-time control applications, FORTH is ideal for machine and 
process control, energy management, data acquisition, auto- 
matic testing, robotics and other applications where assembly 
language was previously the only possible language choice. 


FORTH actually provides the best of two worlds. It has the 
looping and branching constructs of high-level languages (DO 
... LOOP, BEGIN ... END, IF ... THEN and IF ... ELSE 
... THEN) and the code efficiency of machine and assembly 
languages. And programmers will be pleased to know that 
FORTH allows you to specify addresses, operands and data in 
hexadecimal, octal, binary or any other number base from two 
to 40—a distinct advantage over languages like BASIC, where 
all information must be in decimal. 


in most time-critical applications, at least part of the program 
must be written in assembly language. FORTH has a built-in 
6502 macro assembler, and lets you drop into assembly lan- 
guage at almost any point in your program, without separate 
assembly and load steps or awkward machine level linkage. 
FORTH programs typically run up to ten times faster than other 
interpretive languages, and can even approach the speed of 
machine language programs for some applications. 


FEATURES 


RM 65 SBC module compatible 
ROM resident for immediate operation 
Application oriented 

Extensible language 

Over 200 pre-defined functions 
interactive compilation 

Reverse polish notation 

Compact memory usage 

Fast execution 

Easy debugging 

Stack implementation 

16-bit words 

Built-in structured macro assembler 
Shortens software development time 
AIM 65 FORTH compatible 


Document No. RMA65N31 


RM 65 RUN-TIME FORTH ROM 


RM65-0152 
RM 65 Microcomputer Family 


RM65-0152 


PRODUCT OVERVIEW 


RM 65 Run-Time FORTH, consisting of primitives, interpreter, 
macro assembler and input/output linkage, is contained іп an 
8K-byte ROM that plugs into an RM65-1000E Single Board 
Computer (SBC) ог RM65-3216E PROM/ROM module for 
development or run-time operation in the RM 65 environment. 
This run-time package allows an application program written in 
FORTH to be developed on an AIM 65 Microcomputer with its 
on-board peripherals (keyboard, single line clisplay and printer) 
and ROM-resident Debug Monitor and Text Editor and then 
transferred to the RM 65 module for гип-те operation. The 
application program object code can be programmed into a 
PROM using an A65-901 AIM 65 PROM Programmer & CO-ED 
module or an RM65-2901E PROM Programmer module. 


All input/output functions for use with RM 65 Run-Time FORTH 
are user-provided and link to the application program through 
one or more of the 11 1/O vectors provided іп the run-time ROM. 
FORTH words such as KEY, EXPECT, EMIT, GET, READ, and 
?1М link through these vectors to the ИО functions. 


The RM 65 Run-Time FORTH сап be used іл the development 
mode by user-provided AIM 65 equivalent input/output func- 
tions. In fact, the RM 65 Run-Time FORTH ROM can be installed 
on an RM 65 PROM/ROM module, the module connected to an 
АМ 65 Microcomputer, the ИО vectors loaded to point to AIM 
65 Monitor ROM functions, then development and/or final pro- 
gram validation performed on the AIM 65 Microcomputer before 
transferring the application program object code to PROM/ROM. 


ORDERING INFORMATION 


Part No. Description 
RM65-0152 RM 65 Run-Time FORTH ROM 
A65-050 AIM 65 FORTH ROMs 
A65-040 АМ 65 Math Package ROM 

Order No. Description 
812 RM 65 Run-Time FORTH User's Manual”? 
265 AIM 65 FORTH User's Manual? 
2118 АМ 65 Math Package User's Manual? 

Notes: 

1. Included with RM65-0152 

2. Included with A65-050. 

3. Included with A65-040. 


Data Sheet Order No. RM31 
February 1983 


ВМб5-0152. RM 65 Run-Time FORTH ROM 


FORTH WORDS 


STACK MANIPULATION 


DEVELOPING FORTH PROGRAMS 
FORTH is built on subroutine-like functions, called “words.” 


These words are linked together to form a “dictionary,” which 


is the central core of the language. Writing a program in DUP Duplicate top of stack. — 

FORTH consists of using several predefined words to define 2DUP Duplicate top two stack items. 

each new word. Once the new word has been added to the DROP Delete top:of stack, 

m В 2DROP Delete top two stack items. 

system dictionary, it becomes as much a part of the language SWAP Exchange top two stack items. 

as any other word that has been previously defined. In this OVER Copy second item to top. 

way new features and extensions can be added by simply ROT Rotate third item on top. 

defining one or more new words. Adding new features to - DUP Duplicate only if non-zero 

conventional languages like BASIC or Pascal requires the >R Move top item to return stack. 

language system to be completely reassembled or R> Retrieve item from return stack. 

recompiled. R Copy top of return stack onto stack. 
PICK Copy the nth item to top. 

FORTH is a stack-oriented language, and is programmed in SP@ Return address of stack position _ 

Reverse Polish Notation (RPM), the notation that is used in ВР@ netum addressrof retur stack pointer. 

Hewlett-Packard scientific calculators. Using a data stack is BOUNDS Convert “address count мо епа 

NEM r Е address start-address. 
an extremely efficient way of passing variables back and 5 Print contents of stack. 


forth between operations. A data stack eliminates the need 
to tie up memory locations with variable tables, and allows 
you to use only as much memory as you need. 


FORTH programs are developed using “top-down/bottom- 
up” techniques. That is, the programmer begins by defining 
the program in very general terms, then systematically breaks 
these definitions down into more and more detailed sub- 
modules, When the lowest levels of sub-modules have been 
defined, he starts coding, in FORTH, at those levels, working 
back up toward the top of the program, in pyramid fashion. 
Each sub-module is a stand-alone component of the pro- 
gram, and can be completely debugged without having the 
complete program in the system. 


DEFINING WORDS 


‘<name> 


VARIABLE <name> 


CONSTANT <name> 
CODE <name> 


„СОВЕ 


«BUILDS ... DOES» 


Begin colon definition of <пате>. 

End colon definition. 

Create a variable <name> with initial 
value n; returns address when 
executed. 

Create a constant <name> with value 
n; returns value when executed. 

Begin definition of assembly-language 
primitive operation <пате>. 

Used to create a new defining word, 
with execution-time "code routine" for 
this data type in assembly. 

Used to create a new defining word, 
with execution-time routine for this 
data type in higher-level FORTH. 


FLOATING POINT FUNCTIONS кері ына 
Тһе RM 65 Run-Time FORTH ROM contains both а зтае- MEMORY 
(16-bit) and double- (82-bit) precision integer arithmetic 
capability. In RM 65 applications where floating point arith- @ кој Не ciui by top of stack. 
metic is desired, the AIM 65 Math Package ROM may be се н Е пег 
ч 2 К | џ etch one byte опіу. 
used in conjunction with the run-time FORTH ROM. The C! Store one byte only. 
application program can be developed on an AIM 65 Micro- 2 Print contents of address. 
computer with both AIM 65 FORTH and AIM 65 Math Package +! Add second number on stack to 
ROMs installed. A math package ROM must then be installed contents of address on top. 
in the RM 65 SBC or PROM/ROM module for run-time CMOVE Move n3 bytes starting at address n1 to 
operation of the application program along with the RM 65 area starting at address n2. 
Run-Time FORTH ROM. FILL Put byte n3 into n2 bytes starting at 
address п1. 
ERASE Fill n2 bytes in memory with zeroes, 
beginning at address n1. 
BLANKS Fill n2 bytes in memory with blanks, 
beginning at address n1. 
MEMORY MAP TOGGLE Mask memory with. bit pattern. 
Address (Hex) NUMERIC REPRESENTATION 
$D000-$DFFF Math Package Program DECIMAL Set decimal base. 
$B000-$CFFF FORTH Program HEX Set hexadecimal base. 
$300-$31E ИО Vectors BASE Set number base. 
$280-$2FF Terminal input Buffer DIGIT Convert АЗСИ to binary. 
$25C-$27F Math Package Variabies 0 The number zero. 
$200-$257 FORTH User Variables 1 The number one. 
$АВ-$С4 Math Package Variables 2 The number two. 
$10-$AA FORTH Variables 3 The number three. 
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FORTH WORDS (CONT'D) 
ARITHMETIC AND LOGICAL 


+ 
D+ 


М/ 


ммор 


МАХ 
MIN 
+- 
D+ - 
ABS 
DABS 


NEGATE 
DNEGATE 


Add. 

Add double-precision nurnbers. 

Subtract (n1 — n2) 

Multiply. 

Divide (n1/n2). 

Modulo (і.е., remainder from division). 

Divide, giving remainder and quotient. 

Multiply, then divide (n1-n2/n3), with 
double intermediate. 

Like -/MOD, but give quotient only. 

Unsigned multiply leaving double 
product. 

Unsigned divide. 

Signed multiplication leaving double 
product. 

Signed remainder and quotient from 
double dividend. 

Unsigned divide leaving doubie quotient 
and remainder from double dividend 
and single divisor. 

Maximum. 

Minimum. 

Set sign. 

Set sign of double-precision number. 

Absolute value. 

Absolute value of double-precision 
number. 

Change sign. 

Change sign of double-precision 
number. 

Sign extend to double-precision 
number. 

Increment value on top of stack by 1. 

Increment value on top of stack by 2. 

Decrement value on top of stack by 1. 

Decrement value on top of stack by 2. 

Logical AND (bitwise). 

Logical OR (bitwise) 

Logical exclusive OR (bitwise). 


COMPARISON OPERATORS 


True if n1 less than n2. 

True if n1 greater than n2. 

True if top two numbers are equal. 
True if top number negative. 

True if top number zero. 

True if u1 less than u2. 

Same as 0=. 


MISCELLANEOUS AND SYSTEM 


(«comment ) 


CFA 
NFA 
PFA 
LFA 
LIMIT 
QUIT 


Begin comment (terminate by right 
parentheses on same line). 

Alter PFA to CFA. 

Alter PFA to NFA. 

Alter NFA to PFA. 

Alter PFA to LFA. 

Top of memory. 

Clear return stack and return to 
terminal. 


RM 65 Run-Time FORTH ROM 


CONTROL STRUCTURES 


20... LOOP 
DO... +LOOP 
| 

LEAVE 


BEGIN... UNTIL 


BEGIN ... WHILE 


... REPEAT 
BEGIN... AGAIN 
IF... THEN 


IF... ELSE... THEN 


END 
ENDIF 


Set up loop, given index range. 

Like ОО... LOOP, but adds stack 
value to index. 

Place current index value on stack. 

Terminate loop at next LOOP or 
*LOOP. 

Loop back to BEGIN until true at 
UNTIL. 

Loop while true at WHILE, REPEAT 
loops ипсопайопаћу to BEGIN. 

Unconditional loop. 

If top of stack true, execute following 
clause THEN continue; otherwise 
continue at THEN. 

If top of stack true, execute ELSE 
clause THEN continue; otherwise 
execute following clause, THEN 
continue. 

Alias for UNTIL. 

Alias for THEN. 


COMPILER-TEXT INTERPRETER 


[COMPILE] 
COMPILE 


LITERAL 
DLITERAL 


EXECUTE 
[ 
] 


DICTIONARY CONTROL 


CREATE 
FORGET 


HERE 
ALLOT 
TASK 

- FIND 

DP 

C, 

PAD 
IMMEDIATE 
INTERPRET 
LATEST 

LIT 

CLIT 
LITERAL 


SMUDGE 
STATE 
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Force compilation cf IMMEDIATE word. 

Compile following <name> into 
dictionary. 

Compile a number into a literal. 

Compile a double-precision number into 
a literal. 

Execute the definition on top of stack. 

Suspend compilation, enter execution. 

Resume compilation. 


Create a dictionary header. 

FORGET all definitions from <name> 
оп. 

Returns address of next unused byte in 
the dictionary. 

Leave а дар of n bytes in the 
dictionary. 

A dictionary marker. 

Find the address of <name> іп the 
dictionary. 

Search dictionary for <name>. 

User variable containing the dictionary 
pointer. 

Store byte into dictionary. 

Compile a number into the dictionary. 

Pointer to temporary buffer. 

Force execution when compiling. 

The Text Interpreter executes or 
compiles. 

Leave name field address (NFA) of top 
word in CURRENT. 

Place 16-bit literal оп the stack. 

Place byte literal on the stack. 

Compile a 16-bit literal. 

Toggle name SMUDGE bit. 

User variable containing compilation 
state. 


RM65-0152 


RM 65 Run-Time FORTH ROM 


FORTH WORDS (CONT'D) 


USER VARIABLES (See Note 1) 


U?TERMINAL User variable for ?TERMINAL. (See 
Note 2.) 

UABORT User variable for ABORT. 

UB/BUF User variable for B/BUF. 

UB/SCR User variable for B/SCR. 


ис. User variable for C/L. 


UEMIT User variable for EMIT. 
UFIRST User variable for FIRST. 
UKEY User variable for KEY. 
ULIMIT User variable for LIMIT. 


MONITOR & CASSETTE /О (See Note 1) 


COLD AIM 65 FORTH cold start. 
(See Note 2.) 
MON Exit to AIM 65 Monitor. (See Note 2.) 
CHAIN Chain tape file. 
CLOSE Close tape file. 
?IN Set to active input device (AID). 
2OUT Set to active output device (AOD). 
GET Input a character from the AID. 
PUT Output a character to the AOD. 
READ Input n2 characters from AID to 
address п1. 
WRITE Output n2 characters to AOD at 
address п1. 
SOURCE Compile from the AID. 
FINIS Terminate complete from SOURCE. 


INPUT-OUTPUT (See Note 1). 


-CR Output CR to printer only. 
CR Carriage return. 
SPACE Type one space. 


SPACES Type n spaces. 

CLRLINE Output a CTRL B. 

" Print text string (terminated by "). 

DUMP Dump n2 words starting at address. 

TYPE Type string of nt characters starting at 
address n2. 

?TERMINAL True if terminal break request present. 

KEY Read key, put ASCII value on stack. 

EMIT Output ASCII value from stack. 

EXPECT Read n1 characters from input to 
address n2. 

WORD Read one word from input stream, until 
delimiter. 

IN User variable contained within TIB. 

BAUD Set BAUD rate. 

BL Output a SPACE character. 

C/L Number of characters/line. 

TIB Pointer to terminal input buffer start 
address. 

QUERY Input text from terminal. 

ID. Print «name- from name # field 
address (nfa). 

HANG Wait for keystroke. 


OUTPUT FORMATTING (See Note 1) 


NUMBER Convert string at address to double- 
precision number. 
<# Start output string. 


NOTES: 1. Requires user-provided I/O function. 
2. Requires AIM 65 Monitor ROM be installed. 
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OUTPUT FORMATTING (CONT'D) 


# 


#5 


SIGN 
#> 


HOLD 
HDL 
- TRAILING 


.LINE 
COUNT 


DPL 
VOCABULARIES: 
CONTEXT 
CURRENT 
FORTH 


ASSEMBLER 
DEFINITIONS 


VOCABULARY <name> 


VLIST 


VOC-LINK 
VIRTUAL STORAGE 
LOAD 


BLOCK 
B/BUF 


B/SCR 
BLK 


SCR 


UPDATE 
FLUSH 


EMPTY-BUFFERS 
+BUF 


FIRST 
OFFSET 


Convert next digit of double-precision 
number and add character to output 
string. 

Convert ali significant digits of double- 
precision number to output string. 

Insert sign of n into output string. 

Terminate output string (ready for 
TYPE). 

Insert ASCII character into output 
string. 

Hold pointer, user variable. 

Suppress trailing blanks. 

Display line of text from mass storage. 

Change length of byte string to type 
form. 

Print number on top of stack. 

Print humber n1 right justified n2 
places. 

Print double-precision number n2 n2. 

Print double-precision number n2 n1 
right justified n3 places. 

Number of digits to the right of decimal 
point. 


Returns address of pointer to 
CONTEXT vocabulary. 

Returns address of pointer to 
CURRENT vocabulary. 

Main FORTH vocabulary. 

Assembler vocabulary. 

Set CURRENT vocabulary to 
CONTEXT. 

Create new vocabulary. 

Print names of all words in CONTEXT 
vocabulary. 

Most recently defined vocabulary. 


Load mass storage screen (compile or 
execute). 

Read mass storage block to memory 
address. 

System constant giving mass storage 
block size in bytes. 

Number of blocks/editing screen. 

System variable containing current 
block number. 

System variable containing current 
screen number. 

Mark last buffer accessed as updated. 

Write all updated buffers to mass 
storage. 

Erase all buffers. 

Increment buffer address. 

Fetch next memory buffer. 

User read write linkage. 

Variable containing address of next 
buffer. 

Variable containing address of latest 
buffer. 

Leaves address of first block buffer. 

User variable block offset to mass 
storage. 

Interpret next screen. 

Stop interpretation. 


RM65-0152 
FORTH WORDS (CONT'D) 


PRIMITIVES 

OBRANCH Run-time conditional branch. 

BRANCH Run-time unconditional branch. 
ENCLOSE Text scanning primitive used by WORD. 
RO Location of Return Stack. 

$0 Location of Parameter Stack. 

RP! Initialize Return Stack. 

SP! Initialize Parameter Stack. 

NEXT The FORTH virtual machine. 


RM 65 Run-Time FORTH ROM 


MATH PACKAGE FORTH WORDS (A65-040)* 


FLOATING POINT ARITHMETIC 


F+ Adds two floating point numbers. 

Е- Subtracts one floating point number 
from another ћоа тд point number. 

F* Multiplies two floating point numbers. 

F/ Divides one floating point number by 


another floating point number. 


UTILITY, SIGN AND COMPARISONS 


FABS Takes the absolute valus of a floating 
point number. 

INT Truncates a floating point number to an 
integer. 

SGN Converts the sign of a floating point 
number to a floating point number. 

FSIGN Gets a value corresponding to the sign 
of a floating point number. 

FCOMP Compares the value of a compacted 
number in memory to a floating point 
number. 

POLYNOMIAL 

POLY Evaluates a polynomial with 
consecutive exponents. 

POLYODD Evaluates a polynomial with odd 
exponents. 


EXPONENTIAL AND LOGARITHMIC 


SQR Takes the square root of a floating point 
number. 

> Raises one floating point number to the 
power of another floating point 
number. 

EXP Raises the transcendental number e to 
the power of a floating point number. 

LOG Computes the logarithm to the base 10 
(іе., common log) of a floating point 
number. 

LN Computes the logarithm to the base e 
(i.e., natural log) of a floating point 
number. 


*Requires AIM 65 FORTH or RM 65 Run-Time FORTH be resident. 


SECURITY 

ICSP Store stack pasition in check stack 
pointer. 

?COMP Error if not compiling. 

?CSP Check stack position. 

?ERROR Output error message. 

?EXEC Not executing error. 

?PAIRS Conditional not paired error. 

?STACK Stack out of bounds error. 

ABORT Error; operation terrninates. 

ERROR Execute error notification and restart 
system. 

MESSAGE Displays message. 

WARNING Pointer to message routine. 

FENCE Prevents forgetting below this point. 

WIDTH Controls significant characters of 
<name>. 

USER VARIABLE 

MIN-WIDTH Specifies the minimum field width to be 
output. 


DEC-LENGTH Specifies the number of places to the 
right of the decimal point to be 


output. 


ASCII/FLOATING POINT CONVERSIONS 


FIN Converts a number in memory from 
ASCII to floating point format. 

FOUT Converts a number from floating point 
to ASCII. 


FORMAT CONVERSION AND DATA MOVING 


М>Е Unpacks the compacted number іп 
memory to floating point. 
F>M Packs the floating point number to 


compacted format and stores the 
result in memory. 


M>A Unpacks the floating point number in 
memory. 

S>A Converts an integer to floating point 
format. 

S>F Converts an integer to floating point 
format. 

Р>8 Converts а number from floating point 


to an integer. 


TRIGONOMETRIC AND UNITS CONVERSION 


SIN Calculates the sine of a floating point 
number (in radiaris). 

cos Calculates the cosirie of a floating point 
number (in radiar s). 

TAN Calculates the tangent of a floating 
point number (in radians). 

ARCTAN Calculates the arc tangent of a floating 
point number. 

DEGREES Converts a floating зо number from 
radians to degrees. 

RADIANS Converts a floating әсіп! number from 


degrees to radians. 
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RM 65 Microcomputer Family 
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Rockwell RM 65 PROM PROGRAMMER MODULE 


RM 65 MICROCOMPUTER MODULES FEATURES 


RM 65 Microcomputer Module products are designed for OEM 


and end user microcomputer applications requiring state-of-the- • RM 65 bus compatible 


art performance, compact size, modular design and low cost. • Compact size RM 65 module—about 100 mm x 160 mm 
Software for RM 65 systems can be developed in R6500 (4 in. х 674 in.) 

Assembly Language, PL/65, BASIC, and FORTH. Both BASIC e Separate PROM socket module with 

and FORTH are available in ROM and can be incorporated into —28-pin Zero Insertion Force (ZIF) socket 

the user's system. —Mounting holes for enclosure or panel installation 


— Connecting 24-inch cable to RM 65 module 


RM 65 Module products use a motherboard interconnect con- 
Programs 1K-byte to 8K-byte UV EPROMs 


cept in which any card can be inserted in any slot. The 64-line 


RM 65 Bus offers memory addressing up to 128K bytes, pro- —1K-byte: 2508, 2758 
vides high immunity to electrical noise and includes growth pro- — 2K-byte: 2516, 2716 
visions for user functions. A selection of card cages allows —4K-byte: 2532, 2732, 2732A 
packaging flexibility. RM 65 products may also be used with — BK-byte: 2564, 2764, 68764 


Rockwell AIM 65 and AIM 65/40 Microcomputers for product 


development and for a broad variety of portable or desktop • Erases and programs 2K-byte EEROMs 


microcomputer applications. --2К-руіе: R5213/2816, 5213, 2816, 48016 
e On-board 8K-byte ROM contains programming functions 
PRODUCT OVERVIEW compatible with both 
The RM 65 PROM Programmer module in conjunction with an —АМ 65 Microcomputer Monitor 
AIM 65 or AIM 65/40 Microcomputer, programs industry stan- —АМ 65/40 Microcomputer ИО and Monitor 


dard 1K-, 2K-, 4K- and 8K-byte EPROMS (ultra-violet light eras- 
able programmable read-only memories) and 2K-byte EEROMS 
(electrically erasable programmable read-only memories). The 


Easy-to-use interactive commands 
--РНОМ interface (check, program, read, verify) 


module consists of an RM 65 module and a PROM socket — ВАМ preparation (fill and invert) 
module connected together by a 24-inch ribbon cable. A 28-pin — Utility functions (command and PROM type menu, PROM 
Zero Insertion Force (ZIF) socket mounted on the PROM socket type selection, toggle verify mode, etc.) 


module allows installation of a 28-pin or 24-pin PROM. The 
PROM socket module may be installed in various desk-top 
enclosure or front panel arrangements for development, end- 
user or OEM installation. 


Verify during or after programming 
+5V only operation (on-board DC/DC converter) 
Fully assembled and tested with one year warranty 
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RM65-2901E 


ORDERING INFORMATION 


Part No. Description 

ВМ65-2901Е PROM Programmer Module 

Order No. Description 

820 PROM Programmer Module User's Manuai* 
Note: 


*Included with RM65-2901E. 


FUNCTIONAL DESCRIPTION 


RM 65 Module 


The Data Transceivers invert and transfer 8-bits of parallel data 
between the PROM Programmer module and the RM 65 data 
bus when enabled by the Chip Select Decoder. The read/write 
line from the RM 65 bus determines the direction of data flow. 
During a write operation, data is transferred from the bus to the 
module; during a read operation, data is transferred from the 
module to the RM 65 bus. 


The Control Signal Buffers invert and transfer the phase 2, read/ 
write, bank address and reset signals from the RM 65 bus to 
the module. Тһе bus active signal is also driven to the АМ 65 
bus when data is being transferred between the RM 65 bus and 
the module. 


Address Signal Buffers invert and transfer signals from 13 
address lines from the RM 65 bus to the module. 


The Chip Select Decoder, in conjunction with Base Address 
Select, Bank Select and Bank Select Enable switches and the 
ROM Range Select jumper decodes the address from the RM 
65 bus and generates enable signals to other major on-board 
circuits. When the address matches the МО Base Address 
switch positions, one of two Octal Latches, the on-board R6522 
Versatile Interface Adapter (VIA), the Digital-to-Analog Con- 
verter (DAC) and/or the Data Bus Transfers are enabled. When 
the address matches the ROM Base Address switch positions 
and ROM Range Selection jumper position, the on-board pro- 
gram ROM is enabled along with the Data Bus Transceivers. 


Bank Select and Bank Select Enable switches assign the module 
to one or two 65K-byte memory banks. The Bank Select Enable 
switch assigns the module to be active in common memory 
(both Bank 0 and 1) or in the bank selected by the Bank Select 
Switch (either Bank O or 1). 


There are eight Base Address switches; four switches assign 
the on-board ROM base address to a 4K-byte boundary and five 
assign the ИО base address to a page (256 bytes) within the 
ROM base address. 


The ROM Range Select jumper indicates that no ROM, a 4K- 
byte ROM or an 8K-byte ROM, is installed on-board. 


PROM Programmer Module 


An 8K-byte ROM containing the PROM Programmer computer 
program instructions is installed on the module. One-half of the 
ROM contains programming functions, memory mapped at 
$7100-$7FFF, which operate in conjunction with the AIM 65 
Monitor firmware. The other half of the ROM is memory mapped 
at $D100-$DFFF and contains programming functions compat- 
ible with the АМ 65/40 КО and Monitor ROMs. A jumper selects 
which 4K-bytes (upper or lower), or if the entire 8K-bytes, of the 
ROM socket are to be addressed. 


The R6522 VIA transfers 8-bit data between the RM 65 data 
bus and the PROM data lines and controls programming voltage 
levels. During PROM programming, the VIA transfers data from 
the Data Transceivers for writing into the PROM and during а 
PROM read, verify or check function, the VIA reads data from 
the PROM. During PROM programming, the VIA issues control 
signals to the Power Multiplexer, the Misplaced P ROM Detector, 
and the Vpp Rise/Fall Time Controller. 


The Programmable Voltage Regulator, consisting of the 8-bit 
DAC, a Vpp Rise/Fall Time Controller, а DC/DC Converter and 
an Analog Buffer, generates the Vpp programming voltage. The 
DAC outputs a voltage proportional to Vpp for the selected 
PROM type as controlled by 8-bit data received from the RM 65 
data bus. The DAC output voltage is amplified to the full Vpp 
level, mixed with the rise or fall time control signal, clamped to 
minimum Урр level, and output to the Analog Buffer. The +5 
to +32V DC/DC Converter provides the high voltage used in 
the second stage of amplification. The Analog Buffer amplifies 
the Vpp current for use by the Power Multiplexer. 


The Power Multiplexer selects the proper voltage level to output 
to the PROM during a programming or read operation as con- 
trolled by signals from the VIA and Octal Latch A. The output 
voltage is selected from TTL high, TTL low, Усс and the Vpp 
output from the Analog Buffer. The correct voltage is selected 
by VIA output control lines. 


The Misplaced PROM Detector determines if a 24-pin PROM 
has been offset by one or two pin positions when installed in 
the 28-pin ZIF socket on the PROM module. The detected state 
is input to the VIA and sampled by the programming firmware 
to prevent application of programming voltage to a misplaced 
PROM. 


The two Octal Latches, A and B, transfer addresses from the 
Address Buffers to the PROM during P ROM access operations. 
The levels of three programming voltages output by the Power 
Multiplexer to the PROM are also controlled by Octal Latch A. 


PROM Socket Module and Interface Cable 


A 28-pin Zero Insertion Force (ZIF) socket is mounted on a 
3-inch x 3-inch PROM socket module and connected to the АМ 
65 module by a 24-inch ribbon cable. The socket module has 
mounting holes and may be installed in any orientation. The 28- 
ріп ДЕ socket allows installation of 24-pin РАОМ$ as well as 
28-pin PROMs. 
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PROM Programmer Module 


PROM PROGRAM COMMANDS 


Computer program routines to operate the PROM Programmer 
module are provided in an 8K-byte ROM installed on the RM 65 
module. One of the two versions of the resident firmware is 
jumper selectable upon installation to operate with either the 
AIM 65 or the AIM 65/40 /О and Monitor firmware. Easy-to-use 
interactive commands perform PROM interface functions (check, 
program, read and verify), RAM preparation functions (fill and 
invert) and utility functions (e.g., command and PROM type 
menus, toggle verification mode, and change PROM type). 
Many Monitor commands are directly linked to the PROM Pro- 
grammer command level for ease of operation. 


PROM Programmer commands are invoked from a command 
enty level mode similar to the AIM 65 and 65/40 Debug Monitor 
operation. Initial entry and re-entry functions from the Debug 
Monitor provide operator initialization flexibility. The commands 
listed below can then be selected by single keystrokes. Sub- 
prompts displayed upon command selection request entry of 
information pertinent to the specific function. Once initiated, 
each function operates automatically until successful comple- 
tion or upon termination due to a detected error. 


ЯМ 65 BUS 
СОММЕСТОЯ 


Гг 


DATA 
BUS 
TRANS- 
CEIVERS 


CONTROL CONTROL 


PROM PROGRAMMER FUNCTIONS 


Function 
| 


Check PROM 
Program PROM 
Read PROM 

Verify PROM 
Check Memory 
Alter Memory 

Invert Memory 
Display Menu 
Erase EEROM 
Change PROM Type 
Toggle Verify Mode 
Exit 

Load with Offset 
Dump with Offset 


Command 


ог х=аг:гто—">е><2000 


The RM 65 Floppy Disk Controller (FDC) Module and DOS 1.0 
functions may also be used in conjunction with the PROM Pro- 
grammer to simplify file handling during PROM programming or 


read operations. 


10 Bus 
CONNECTOR 


PROM 


OCTAL 
LATCH 


1 


ADDRESS 


PROM 
ADDRESS 


OCTAL 
LATCH 


AND SIGNAL 
TIMING BUFFERS 


AND CONTROL 


PROM 


DATA 


PROM 


ADDRESS 
SIGNAL 
BUFFERS 


ADDRESS 


CHIP 
SELECT 
DECODE 
CIRCUITRY 


BANK ADDRESS 


ADDRESS, 
ENABLE AND 


FIRMWARE 
ROM RANGE 
SELECTION 
JUMPER 


VPP RISE/ 
FALL TIME 
CONTROL 
CIRCUIT 


FIRMWARE 
ROM 


FIRMWARE 
ROM TYPE 

SELECTION 
JUMPER 


PROM Programmer Module Block Diagram 
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POWER 


MULTIPLEXING 


CIRCUITRY 


MISPLACED 
PROM 
DETECTION 
CIRCUITRY 


ANALOG 
BUFFER 


ADDRESS 
AND DATA 


PROM 
ADDRESS 
CONTROL 
Мес, Vpp 


RM65-2901E PROM Programmer Module 


PROM Socket Pin Assignment 


Connector 28-pin PROM Connector 28-pin PROM 
Ј1 (P2) Socket Pin Signai Ј1 (Р2) Socket Pin Signal 
Pin No. Number Symbol | Signal Мате Реп Мо. Митбег Symboi Signai Name 
3, 5, 10, 14 GND Ground 16 11 90 Data Bit 0 
15, 24, 26, 17 12 01 Data Bit 1 
28, 30, э 18 13 Q2 Data Bit 2 
Ut. 19 15 Q3 Data Bit 3 
1, 40 28 vec PROM Supply Voltage . 
2 1 VPP Programming Voltage 20 16 94 Data Bit 4 
4 2 A12 Address Bit 12 21 17 95 Data Bit 5 
И 22 18 06 Data Bit 6 
6 3 A7 Address Bit 7 . 
7 4 Аб Address Bit 6 23 19 07 Data Bit 7 
8 5 AS Address Bit 5 25 20 СЕ Chip Enable 
9 6 да Address Bit 4 27 21 А1С 0 Address Bit 10 
А 29 22 ОЕ Output Enable 
11 7 АЗ Address Bit 3 . 
„ү 31 23 A11 Address Bit 11 
12 8 A2 Address Bit 2 . 
„ү 33 24 А9 Address Bit 9 
13 9 Al Address Bit 1 . 
14 10 АО Address Bit 0 34 25 Ав Address Bit 8 
36 26 А13 Address ВИ 13 
38 27 PGM Program 
RM 65 Bus Pin Assignments 
Bottom (Solder Side) ~ Тор (Component Side) 
Signal | Signal 
Mnemonic Signal Name Pin Pin Mnemonic Signal Name 
GND Ground 1а 1c +5V +§ Vde 
BADR’ Buffered Bank Address 2a 2c BA15/ Buffered Address Bit 15 
GND Ground 3a 3c ВА14/ Buffered Address ВИ 14 
BA13/ Buffered Address Bit 13 4a 4c ВА12/ Buffered Address Bit 12 
ВА11/ Buffered Address Bit 11 Ба 5с GND Ground 
ВА10/ Buffered Address Bit 10 6a 6c BA9/ Buffered Address Bit 9 
ВАВ/ Buffered Address Bit 8 7a 7C ВА7/ Buffered Address Bit 7 
GND Ground 8a 8c ВАб/ Buffered Address ВИ 6 
BAS/ Buffered Address Bit 5 9a 9c ВА4/ Buffered Address Bit 4 
BA3/ Buffered Address Bit 3 10a 10с амр Ground 
ВА2/ Buffered Address Bit 2 11а ite BA1/ Buffered Address Bit 1 
ВАО/ Buffered Address Bit 0 12a 12c ву “Buffered Phase 1 Clock 
GND Ground 13a 13с BSYNC “Buffered Sync 
BSO *Buffered Set Overflow 14а 14c BDRQ1/ ‘Buffered DMA Request 1 
BRDY *Buffered Ready 15a 15c GND Ground 
*User Spare 1 16а . 16c -12у/-у *—12 Vdc/-V 
+12\/+У *+12 Мас 17а 17с "Џзег Зраге 2 
GND Ground 18a 18с BFLT/ *Buffered Bus Float 
BDMT/ “Buffered DMA Terminate 19a 19с вфо “Buffered External Phase 0 Clock 
*User Spare 3 20a 20с амр Ground 
BR/W/ Buffered Read/Write "Not" 21а 21c BDRQ2/ *Buffered DMA Request 2 
*System Spare 22a 22c ВАЛУ *Buffered Read/Write 
GND Ground 23a 23с ВАСТ/ Buffered Bus Active 
BIRQ/ *Buffered Interrupt Request 24a 24c BNMI/ *Buffered Non-Maskable Interrupt 
вф2/ Buffered Phase 2 “Not” Clock 25а 25c GND Ground 
вф2 “Buffered Phase 2 Clock 26a 26c BRES/ Buffered Reset 
BD7/ Buffered Data Bit 7 27a 27с вре; Buffered Data Bit 6 
GND Ground 28a 28c BD5/ Buffered Data Bit 5 
BD4/ Buffered Data Bit 4 29а 29с BD3/ Buffered Data Bit 3 
BD2/ Buffered Data Bit 2 30a 30c GND Ground 
BD1/ Buffered Data Bit 1 31a 31c вро; Buffered Data Bit 0 


+6V +5 Мас | Зга 32c GND Ground 
Note: 
"Мог used on this module 
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RM65-2901E PROM Programmer Module 


SPECIFICATIONS 
| Characteristics 
Dimensions 
PROM Programmer Module 
Width 100 mm (3.94 in.) 
Length 167 mm (6.58 in.) 
Height") 14 тт (0.56 іп.) 
Weight 184g (6.5 ог.) 
PROM Socket Module 
Length 76 mm (3.0 in.) 
Height? 35 mm (1.38 in.) 
Weight (with cabie) 3) 99g (3.5 ог.) 
PROM Programmer Cable 
Length 610 mm (24 in.) 
Environment 
Operating Temperature 0° to 70°C 
Storage Temperature —40°С to 85°С 
Relative Humidity 0% to 85% (without condensation) 
Power Requirements +5V +5% at 1.1 A typical 
2.0 A maximum (average) 


2.9 A maximum (peak) 


Connectors/Sockets 
RM 65 Bus Connector (P1) 


Socket Module Cable Connector (J1) 


64-pin plug per DIN 41612 (Rows a and b with с not installed) 

40-pin plug (0.100 in. centers) per DIN 41612, mates with 
3417-7040 (3M) or equivalent 

28-pin, 213827-010 or equivalent 


PROM Socket 


Notes: 

1. Height value includes the maximum values for component height above the board surface (0.4 in. .), printed circuit board thickness (0.062 in.), 
and pin extension through the bottom of the module (0.1 in.). 

2. Height value includes height of Zero Insertion Force Socket lever and cable connector plug thickness. 

3. Total weight of PROM Programmer Module (including PROM Programmer Cable with attached PROM Socket Module) 284 д (10 02.). 
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Rockwell 


RM65-3108E 
RM 65 Microcomputer Family 


RM65-3108E 


RM 65 8K STATIC RAM MODULE 


RM 65 MICROCOMPUTER MODULES 


The RM65-3108E 8K Static RAM Module is one of the hardware 
options available for the RM 65 Microcomputer Module family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user’s system. 


RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


PRODUCT OVERVIEW 


The RM65-3108E 8K Static RAM Module contains 8192 8-bit 
bytes of Random Access Memory (RAM), in sixteen 2114 static 
RAM devices. The memory is arranged as two separately 
addressable 4K memory sections. The starting address of each 
4K section is selectable by on-board address switches. A Bank 
Select switch allows the RAM module to be assigned to one of 
two 64K memory banks. 


FEATURES 


Compact size—about 4” x 6%” (100 mm x 160 mm) 
Pin and socket bus connectors 

RM 65 Bus compatible 

Buffered address, data and control lines 

Two separately addressable 4K byte sections 

16 socketed 2114 static RAM devices 

Write-protect switch for each memory section 

Bank Select and Enable switches 

+5V operation 

Fully assembled, tested and warranted. 


ORDERING INFORMATION 


Description 


8K Static RAM Module 
8K Static RAM Module (without RAM 
devices installed) 


Part No. 


RM65-3108E 
RM65-3108NE 


Description 


8K Static RAM Module User's Manual 
(included with RM65-3108E and 
RM65-3108NE) 


АМ65-3108Е 8K Static RAM Module 


Document No. АМА65М01 
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Data Sheet Order No. АМО1 
Rev. 2, June 1983 


RM65-3108E 


FUNCTIONAL DESCRIPTION 


8K bytes of static 2114 RAM are divided into two separately 
addressable 4K blocks. Two devices per 1K bytes are required 
since each device is 1K x 4 bits. 


The Data Transceivers invert and transfer 8-bits of parallel data 
between the RAM devices and the RM 65 Bus, based on data 
direction signals from the Data Transceiver Control Circuit. 


The Address Buffers invert and transfer 16 address bits from 
the RM 65 Bus to the RAM devices, to the Base Address 
Decoders and to the Chip Select Decoder. 


The Control Buffers invert and transfer phase 2 clock and read/ 
write contro! signals from the RM 65 Bus onto the RAM module, 
and drive the bus active signal onto the RM 65 Bus. 


The Bank Select Controller detects when the RAM module's 
assigned memory bank is addressed, by comparing the bank 
address signal from the RM 65 Bus to the settings of the Bank 
Select and Bank Select Enable switches. If the addressed bank 
is the same as the selected memory bank, an enable signal is 
sent to the Chip Select Decoder. 


Two Base Address Decoders detect when either 4K RAM Sec- 
tion (1 or 2) is addressed, by comparing the address lines to 
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8K Static RAM Module Block Diagram 


8K Static RAM Module 


Base Address Select switch settings. When a match occurs, an 
enable signal is sent to the Chip Select Decoder. 


The Chip Select Decoder uses outputs from the Bank Select 
Control circuit, the Base Address Decoders, and the РАОМ/ 
ROM size jumpers as well as address lines A11 and A10 to 
generate one of eight chip select lines to the RAM devices. A 
signal indicating that a chip select line is active is also sent to 
the Write Control and Data Transceiver Control circuits., 


The Write Control circuit generates the write enable signals to 
the RAM devices and to the Data Transceiver Control circuit. 
If the corresponding write protect switch is off, the write enable 
signal is activated. If the Write Protect switch is on, the Data 
Transceivers are disabled. 


The Data Transceiver Control circuit determines whether a valid 
read or write operation is in progress, and provides transceiver 
enable and data direction signals to the Data Transceivers. The 
Data Transceivers are enabled if both the bank address and the 
address lines correspond to the selected bank and a selected 
base address, respectively. 
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RM65-3108E 8K Static RAM Module 


RM 65 Bus Pin Assignments 


Top (Component Side) 
Signai input/ Signal Input/ 
Mnemonic Signal Name Output Pin Mnemonic Signai Name Output 

1а GND Ground 1с +5V +5 Vde 
2a BADRY Buffered Bank Address | 2с ВА15/ Buffered Address Bit 15 l 
3a GND Ground 3c ВА14/ Buffered Address Bit 14 | 
да ВА13/ Buffered Address Bit 13 | 4c BA12/ Buffered Address Bit 12 1 
5a BA11/ Buffered Address Bit 11 р 5с GND Ground 
6a BA10/ Buffered Address Bit 10 і 6с BA9/ Buffered Address Bit 9 | 
та BA8/ Buffered Address Bit 8 | 7с ВА7/ Buffered Address Bit7 - | 
ва GND Ground 8с ВАб/ Buffered Address Bit 6 | | 
9а ВА5/ Buffered Address Bit 5 | 9c ВА4/ Buffered Address ВИ 4 | 

10а ВАЗ/ Buffered Address Bit 3 | 10с GND Ground 

11а BA2/ Buffered Address Bit 2 | 11c BA1/ Buffered Address Bit 1 1 

12а BAO/ Buffered Address Bit 0 | 12с gf "Buffered Phase 1 Clock 

13a GND Ground 13с BSYNC *Buffered Sync 

14a BSO *Buffered Set Overflow 142 BDRQ1/ *Buffered DMA Request 1 

15a BRDY “Buffered Ready 15c GND Ground 

16a "Џвег Spare 1 16c —12V/-V *~12 Vdc/-V 

17a +12\/+У *+12 Vde/+V 17c “User Spare 2 

18a GND Ground Line 18c BFLT/ “Buffered Bus Float 

19a BDMT/ *Buffered DMA Terminate 19c Bgo *Buffered External Phase 0 Clock 

20a = *User Spare 3 20c GND Ground 

21a BR/IW/ Buffered Read/Write "Not" | 21с BDRQ2/ *Buffered DMA Request 2 

22a "System Spare 22c BRIW Buffered Read/Write ! 

23a GND Ground 23c BACT/ Buffered Bus Active о 

24а BIRQ/ “Buffered Interrupt Request 24c BNMI/ *Buffered Non-Maskable Interrupt 

25a вф2/ Buffered Phase 2 "Not" Clock | 25c GND Ground 

26a в@2 “Buffered Phase 2 Clock 26c BRES/ “Buffered Reset 

27a BD7/ Buffered Data Bit 7 Џеј 270 BD6/ Buffered Data Bit 6 [je] 

28a GND Ground 28c BD5/ Buffered Data Bit 5 Џој 

29а BD4/ Buffered Data Bit 4 yo 29c BD3/ Buffered Data Bit 3 Џој 

30a BD2/ Buffered Data Bit 2 Џој 30c GND Ground 

31a BD1/ Buffered Data Bit 1 vo 31c BDO Buffered Data Bit 0 VO 

32a +5V +5 Vde 32c GND Ground 

Note: 


*Not used on this module. 
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EUROCARD CONNECTOR 


COMPDNENT AREA 


Ee ae 


ВМ65-3108Е . 8K Static RAM Module 


SPECIFICATIONS 
Parameter Value | 
Dimensions (See Notes) 
Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 
Height 0,56 іп. (14 mm) 
Weight 5.3 02. (145 9) 
Environment 
Operating Temperature 0°C to 70°C 
Storage Temperature —40°C to +85°C 
Relative Humidity 0% to 85% (Without condensation) 


Power Requirements +5 Мас +5% @ 1.0A (5.0W)—Typical 


1.9А (9.5W)—Maximum 


Access Time 450 ns—Maximum 


RM 65 Bus Interface 


64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. 
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Rockwell 


RM65-3132E 
RM 65 Microcomputer Family 


RM65-3132E 


RM 65 32K DYNAMIC RAM MODULE 


RM 65 MICROCOMPUTER MODULES 


The RM65-3132E 32K Dynamic RAM Module is one of the hard- 
ware options available for the RM 65 Microcomputer Module 
Family. 


ВМ 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell АМ 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


PRODUCT OVERVIEW 


The 32K Dynamic RAM module provides 32K bytes of read/ 
write memory using 16 16K bit x 1 dynamic RAM (DRAM) 
devices. Two bank select switches allow the board to be dedi- 
cated to either one of two 65K Banks, or to be assigned common 
to both banks. A 24-pin DIP header allows each of the eight 4К 
sections to be independently mapped into any 4K block of the 
selected 65K bank. The independent addressing of blocks pro- 
vide flexibility with system memory maps. An on-board switch 
allows the entire board to be write-protected. 


All refreshing of the dynamic RAM chips is automatic and com- 
pletely transparent to the RM 65 Bus, thus providing low power 
performance at no loss of bus speed. 


FEATURES 


Compact size—about 4" x 6%" (100 mm x 160 mm) 
Pin and socket bus connection 

RM 65 bus compatible 

Buffered data, address, and control lines 


Internal Refresh controller is completely transparent to the 
RM 65 bus 


On-board switch allows write protection 
Base Address Header allows each 4K memory section to be 
assigned to any 4K block as a selected bank 


Bank select switches allow the entire board to be mapped 
into either or both 65K banks 


On-board DC-DC converter for —5 volt power supply 
Requires +5 and +12 volt power from the RM 65 bus 
Fully assembled, tested, and warranted. 


ORDERING INFORMATION 


[ Part No. 


RM65-3132E 
RM65-3132NE 


Description 


32K Dynamic RAM Module 
32K Dynamic RAM Module (without RAM 
devices installed) 


Order No. 
808 


Description 


32K Dynamic RAM Module User's Manual 
(included with RM65-3132E and 
RM65-3132NE) 


АМ65-3132Е 32K Dynamic RAM Module 


Document No. RMA65N11 
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Data Sheet Order No. RM11 
Rev. 2, June 1983 


RM65-3132E 


FUNCTIONAL DESCRIPTION 


The Data Transceivers invert and transfer 8-bit parallel data 
between the selected DRAMs to the RM 65 bus. During a read 
operation, data from the DRAMs are latched and driven by the 
transceivers onto the ВМ 65 bus. During a write operation, data 
from the RM 65 bus drives the DRAMs. The transceivers are 
disabled when the module is not addressed. 


The Address Buffers invert and transfer 16-bit parallel address 
lines from the RM 65 bus into the DRAM Module. 


The Bank Select Control circuit detects when the DRAM module's 
assigned memory bank is addressed by comparing the bank 
address signal from the RM 65 bus to the Bank Select and Bank 
Select Enable switches. The Bank Select Enable switch allows 
the board to reside in common memory (both Bank 0 and Bank 
1) or only in the Bank set by the Bank Select switch (either Bank 
0 or Bank 1). 


The Control Buffers buffer the control and timing signals used 
from the RM 65 bus. 


The DRAM devices require 3 voltages. Two of these (+5 and 
+12 volts) are available directly from the RM 65 bus. The third 
voltage (—5 volts) is generated on board with a DC/DC converter. 


The Address Decoder uses the four MSB address lines to 
decode and enable one of 16 lines, each of which correspond 
to 4K blocks. The Base Address Selection Jumpers are placed 
in a 28 pin socket which consists of 16 lines from the Address 
Decoder, four lines from +5 volts, and 8 lines to the Base 
Address Encoder. The Base Address Selection is made by con- 
necting each of the eight encoder inputs to any one of the 16 
decoder outputs or to +5 volts. This allows each 4K block to be 
addressed anywhere in the selected 65K memory bank or dis- 
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32K Dynamic RAM Module 


abled. The Base Address Encoder produces а 3 bit code for the 
enabled line and an additional signal for any line active (Board 
Select). The 3 bit code from the encoder becomes the 3 MSB 
address bits for the Memory Address Multiplexer. The. Board 
Select line and a valid Bank Select signal are used to enable 
the Memory Controller and Data Transceivers, as well as create 
a Data Bus Active Signal. | 


The Write Control logic uses the Write Protect switch and the 
Read/Write line to enable writing into the DRAMs. If the Write’ 
Protect switch is off, the Read/Write signal is transferred directly 
to the Memory Controller. If the Write Protect switch is on, the 
Memory Controller forces a read operation sc that the contents 
of the DRAMs will not be altered. 


The Timing Control generates а! the clocks required by the 
Memory Controller, Memory Address Multiplexer, and the 
Refresh Clock. The Refresh Clock generates a refresh cycle for 
every seven RM 65 clock cycles. 


The Memory Controller uses the clocks der ved in the timing 
control to sequence the signals to the DRAM devices. During 
normal read or write cycles, the Memory Controller allows Row 
Address, then Column Address information to be applied to the 
addressed DRAMs and generates the read/write signal. When 
a refresh is required, the timing is controlled so that the refresh 
is transparent to the RM 65 bus. 


The Memory Address Multiplexer and Refresh Counter multi- 
plexes Row, Column, or Refresh Addresses onto the DRAM 
address lines in response to the Memory Controller. There is 
also a Refresh Counter which is incremented by the Refresh 
Clock. 
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RM65-3132E 


RM 65 Bus Pin Assignments 


Bottom (Soider Side) 


Signal 
Pin Mnemonic 


Signal Name 


1a GND Ground 
2a BADR/ Buffered Bank Address 
3a GND Ground 
4a BA13/ Buffered Address Bit 13 
5a ВА11/ Buffered Address Bit 11 
6a BA10/ Buffered Address Bit 10 
7a ВА8/ Buffered Address Bit 8 
8a GND Ground 
9a BAS/ Buffered Address Bit 5 
10a ВАЗ/ Buffered Address Bit 3 
11а BA2/ Buffered Address Bit 2 
12a ВАО/ Buffered Address Bit 0 
13a GND Ground 
14a BSO *Buffered Set Overflow 
15а BRDY *Buffered Ready 
16a "User Spare 1 
17a +12V/+V +12 Мас! +М 
18а GND Ground Line 
19a BDMT/ "Buffered DMA Terminate 
20a *User Spare 3 
21a BR/W/ Buffered Read/Write "Not" 
22a *System Spare 
23a GND Ground 
24a BIRQ/ “Buffered Interrupt Request 
25a Ввфо Butfered Phase 2 “Not” Clock 
26a 862 “Buffered Phase 2 Clock 
27a BD7/ Buffered Data Bit 7 
28a GND Ground 
29a BD4/ Buffered Data Bit 4 
30a BD2/ Buffered Data Bit 2 
31a BD1/ Buffered Data Bit 1 
32a +5V +5 Vde 
Note: 


“Not used on this module. 
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Signal 


32K Dynamic RAM Module 


Top (Component Side) 


Signai Name 


+5 Vde 
Buffered Address Bit 15 
Buffered Address Bit 14 
Buffered Address Bit 12 
Ground 
Buffered Address Bit 9 
Buffered Address Bit 7 
Buffered Address Bit 6 
Buffered Address Bit 4 
Ground 
Buffered Address Bit 1 
“Buffered Phase 1 Clock 
*Buffered Sync 
"Вићегед DMA Request 1 
Ground ` 
*—12 Vdc/ -V 
"User Spare 2 
*Buffered Bus Float 
"Buffered External Phase 0 Clock 
Ground 
*Buffered DMA Request 2 
Buffered Read/Write 
Buffered Bus Active 
*Buffered Non-Maskabie interrupt 
Ground 
*Buffered Reset 
Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground 
Buffered Data Bit О 
Ground 


EUROCARD CONNECTOR 


COMPONENT AREA 


---- 


И] 


RM65-3132E 32K Dynamic RAM Module 


ee А 


SPECIFICATIONS 
Parameter Value | 
Dimensions (1, 2, 3) 
Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 


Height 


- Weight 


Environment 


0.56 in. (14 mm) 
4.5 oz. (140 g) 


Operating Temperature ФС to 70°C 
Storage Temperature —40°С to +85°С 


Relative Humidity Г 0% to 85% (without condensation) 


Power Requirements +5 Мас +5% 1.4 А (7.0 W)—Maximum 
+12 Мас +5% 170 mA (2.1W)—Maximum 


АМ 65 Bus interface 64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 


Notes: 
1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 


2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 
3. Dimensions conform to DIN 41612. 
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Rockwell 


RM65-3216E 
RM 65 Microcomputer Family 


RM65-3216E 


RM 65 16K PROM/ROM MODULE 


RM 65 MICROCOMPUTER MODULES 


The RM65-3216E 16K PROM/ROM Module is one of the hard- 
ware options available for the RM 65 Microcomputer Module 
family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed іп R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user’s system. 


RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


PRODUCT OVERVIEW 


The RM 65 16K PROM/ROM Module has eight, 24-pin sockets 
to accept up to 16K bytes of either programmable read-only 
memory (PROM) or masked read-only memory (ROM) devices. 
On-board jumpers permit selection of 2K, 4K or 8K byte PROM/ 
ROM devices. Switches allow setting of the starting address for 
independent 4K byte blocks of memory. All 16K bytes can be 
assigned to two memory banks, or 8K can be assigned to 
common memory while the other 8K can be dedicated to one 
or two 65K memory banks. Low power operation is jumper 
selectable for PROMs that have this option. 


FEATURES 

е Compact size—about 4" x 6%" (100 mm x 160 mm) 
e Pin and socket bus connection 

е RM 65 Bus compatible 

e Buffered address, data and control lines 

е Supports the following PROMs/ROMs or equivalents: 


Intel 2716 ог 2732 PROMs 

TI TMS 2516 or 2532 PROMs 

Rockwell R2316, R2332 or R2364 ROMs 
e Low-power PROM operation selectable by individual socket 
jumpers 
Jumpers allow selection of 2K, 4K or 8K byte devices 


e Starting address selectable for each of four 4K memory 
blocks 


Separate switch allows 8K to be dedicated to one or two 
memory bank operation 


--5V operation 
Fully assembled, tested and warranted 


ORDERING INFORMATION 


Part No. 


Description 


16K PROM/ROM Module 


16K PROM/ROM Module User's Manual 
(included with RM65-3216E) 


RM65-3216E 16K PROM/ROM Module 


Document No. RMAG5N02 
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Data Sheet Order No. RM02 
Rev. 2, June 1983 


RM65-3216E 


FUNCTIONAL DESCRIPTION 


The PROM/ROM module has eight 24-pin sockets which can 
accept up to 16K of either 2K, 4K, or 8K PROM or ROM. 


The Data Buffers invert and transfer 8-bits of parallel data from 
the selected PROM/ROM devices to the RM 65 Bus during read 
operations. 


The Control Buffers invert and transfer phase 2 clock, and read/ 
write control signals Кот the RM 65 Bus onto the PROM/ROM 
module, and drive the bus active signal onto the RM 65 Виз. 


The Bank Select control circuit detects when the PROM/ROM 
module's assigned memory bank is addressed, by comparing 
the bank address signal from the RM 65 Bus to the Bank Select 
and Bank Select Enable switches. The Вапк Select Enable 
switch allows 8K of the PROM/ROM to be common memory 
(addressable in both Bank 0 and Bank 1) while the remaining 
8K is assigned either to Bank 0 or Bank 1, as determined by the 
Bank Select switch. 
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16K PROM/ROM Module 


Four Base Address Decoders allow 4K PROM/ROM.sections 
to be independently addressed on any 4K boundary within, the 
selected bank. When an address falls within any sectiori (per 
the Base Address switches), an enable signa! is sent to the Chip 
Select Decoder. 


The Chip Select Decoder uses outputs from the Bank Select 
Contro! circuit, the Base Address Decoders, and the PROM/ 
ROM size jumpers as well as the address lines to generate chip 
selects to the PROM/ROM devices. The PROM/ROM type 
jumpers route the chip select lines to the correct pins on the 
PROM/ROM sockets. 


The Data Buffer Control circuit enables the Data Buffers during 
а read operation when an address corresponding to а selected 
base address is decoded and the selected PFIOM/ROM memory 
bank is addressed. 
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16K PROM/ROM Module Block Diagram 


RM65-3216E 16K PROM/ROM Module 


RM 65 Bus Pin Assignments 


Bottom (Solder Side) 


Signal 
Mnemonic Signai Мате 


GND 


Top (Component Side) 


Signal Input/ 
Mnemonic Signal Name 


Ground +5 Vde 


BADR/ Buffered Bank Address Buffered Address Bit 15 
GND Ground Buffered Address Bit 14 
BA13/ Buffered Address Bit 13 Buffered Address Bit 12 
BA11/ Buffered Address Bit 11 Ground 
BA10/ Buffered Address Bit 10 Buffered Address Bit 9 
BA8/ Buffered Address Bit 8 Buffered Address Bit 7 
GND Ground Buffered Address Bit 6 
BAS/ Buffered Address Bit 5 Buffered Address Bit 4 
BAY Buffered Address Bit 3 Ground 
BA2/ Buffered Address Bit 2 Buffered Address Bit 1 
ВАО/ Buffered Address Bit 0 “Buffered Phase 1 Clock 
GND Ground “Buffered Sync 
BSO "Buffered Set Overflow *Buffered ОМА Request 1 
BRDY "Buffered Ready Ground 

*User Spare 1 *-12 Vdc/ -V 


+12V/+V "+12 Удс/+У “User Spare 2 


GND Ground Line “Buffered Bus Float 
BDMT/ “Buffered DMA Terminate “Buffered External Phase 0 Clock 
_ “User Spare 3 Ground 
BR/W/ "Buffered Read/Write "Not" BDRQ2/ “Buffered DMA Request 2 
*System Spare BRW Buffered Read/Write 
GND Ground BACT/ Buffered Bus Active 
BIRQ/ “Buffered Interrupt Request BNMI/ “Buffered Non-Maskable Interrupt 
BØ2/ “Buffered Phase 2 “Not” Clock GND Ground 
в@2 *Buffered Phase 2 Clock BRES/ “Buffered Reset 
BD7/ Buffered Data Bit 7 BD8/ Buffered Data Bit 6 
Ground BD5/ Buffered Data Bit 5 
Buffered Data Bit 4 BD3/ Buffered Data Bit 3 
Buffered Data Bit 2 GND Ground 
Buffered Data Bit 1 BDO/ Buffered Data Bit 0 


Not Connected (See Note) Not Connected (See Note) 


*Not used on the 16K PROM/ROM module. 


SPECIFICATIONS 


Dimensions (1, 2, 3) 
Width 
Length 
Height 


Welght 
Environment 
Operating Temperature 


Storage Temperature 
Relative Humidity 


3.9 іп. (100 mm) 
6.3 in. (160 mm) 
0.56 in. (14 mm) 


5.0 oz. (140 g) 


0°С to 70°С 
—40*C to +85°С 
0% to 85% (without condensation) 


Power Requirements 
w/o PROM/ROM Devices 


+5 Мас +5% 0.17A (0.85W)— Typical 
0.27A (1.35W)—Maximum 


RM 65 Bus interface 
Edge Connector Version 72-pin edge connector (0.100 in. centers) 
Eurocard Version 64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. 
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6.8 IN. MATING 
(172 MM) MOTHERBOARD 
AND RECEPTACLE 


LENGTH 


po || 
— 


Module Dimensions 


EUROCONNECTOR 
EXTENSION 
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HEIGHT 


16K PROM/ROM Module 


EUROCARD CONNECTOR 


COMPONENT AREA 


RM65-3264NE 
RM 65 Microcomputer Family 


6 E RM65-3264NE 


UNIVERSAL MEMORY MODULE 
Rockwell 


RM 65 MICROCOMPUTER MODULES FEATURES 

The RM65-3264NE Universal Memory Module (16K-128K) is ө In the high speed mode, supports Rockwell Design Center 
one of the hardware options available for the RM 65 Microcom- 4 MHz RAM operations ( 
puter Module Family. • Inthe universal memory mode, supports 2K, 4K, 8K, and 16K 


byte-wide memory devices 
e On-board header and shunt configure the module into a 2K 
to 128K memory space 
Each half (four device sockets) independently configurable in 


RM 65 Microcomputer Modules are designed for OEM and end 
user microcomputer applications when state-of-the-art perfor- 
mance, compact size, modular design, and low cost are required. 
Software for RM 65 systems can be developed in R6500 


Assembly Language, PL/65, BASIC, and FORTH. Both BASIC ла ЕН mode, 

and FORTH are available in ROM and can be incorporated into • On-board memory bank select switches assign each half of 

the user's system. the module to either one or both of two 64K memory banks 
• On-board ROM select switches serve as write-protect switches 

RM 65 Modules plug into a motherboard designed to accept any for each haif of the memory in universal memory mode 

card in any slot. The 64-line RM 65 Bus accommodates memory e Rockwell RM 65 Bus compatible 

addressing up to 128K bytes, provides high immunity to elec- • Compact size—100 mm x 167 mm (approximately 4 in. x 


trical noise, and includes growth provisions for user functions. 6.3 in.) 
A selection of card cages permit packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 or AIM 65/40 
Microcomputers for product development and for portable or 
desktop microcomputer applications. 


Operates from a single --5V power source 

e Fully assembled (except for user-supplied memory devices), 
tested and warranted 

Supports 16K of 2K devices, 32K of 4K devices, 64K of 8K 
devices, and 128K of 16K devices in universal memory mode 
Supports 64K of 8K devices in high speed mode (refer to 
Devices Supported for part numbers) 


OVERVIEW 


Two major capabilities are provided in the Universal Memory 
Module: the flexibility of using 2K, 4K, 8K, or 16K memory 
devices on the module, and use of the memory in either a high- 
speed mode or a universal memory mode. Typical data-transfer 
rates are up to 4 MH2 (to support the Rockwell Design Center 
(RDC) System) in the high speed mode and 1- to 2-MHz in the 
universal memory mode. Rates are dependent both on memory 
devices used and system configuration. Memory devices that 
can be used with the module are RAM's, ROM's, EPROM's, and 
EEPROM's. 


ORDERING INFORMATION 


| | 
RM65-3264NE Universal Memory Module ПОР Universal. Memory Module 


Document No. RMA65N32 Data Sheet Order No. RM32 
August 1983 


RM65-3264NE 


FUNCTIONAL DESCRIPTION 


Data Bus Transceivers buffer and invert data signals BDO/ 
through BD7/. Data signals from the RM 65 Bus pass through 
the bidirectional transceivers into the module during a write 
operation and out from the module through the transceivers to 
the RM 65 Bus during a read operation. Data in is inverted for 
use in the module, and data out (from the module) is inverted 
for use on the RM 65 Bus. Transfers occur when any of the chip- 
select signals and the #2 clock pulse are in the active states 
concurrently. Direction of data flow either into or out of the 
module is controlled by the R/W signal state. 


Address and Control Buffer logic consists of inverters that buffer 
address signals ВАО/ through ВА13/ and the read/write signal 
BR/W/. These signals are converted to positive signals BAO 
through BA13 and BR/W for use within the module. 


Bank Address Select logic is controlled by the state of the 
BADR’ signal, which functions as а seventeenth address bit. The 
state of the BADR/ signal indicates which of the two 65K memory 
banks is addressed. In the high speed memory mode, the 
module can be configured to operate in either one or both 65K 
memory banks. In the universal memory mode, each һа! of the 
memory is configurable to either one or both 65K memory 
banks. 


Module Active logic is enabled when any chip-select signal is 
enabled. Thus, when any memory device in either Memory A 
or Memory B is enabled by a chip-select signal, the BACT/, or 
Module Active, signal is in the active state. 


Address signals BA13/, BA14/, and BA15/, in conjunction with 
ВО, are decoded by а 3:8 decoder to enable one of eight pos- 
Sible outputs. Each output signal in a low state indicates an 8K 
address boundary signal. Thus, the 8K address boundaries are 
$0000, $2000, $4000, . . . 52000. Each of these signals is used 
as a memory chip-select signal during operation of the memory 
in the high-speed mode and as a 2K, 4K, 8K, and 16K decoder 
enabling signal in the universal memory mode. 


By connecting a pin on the Address Header to a specific output 
(chip select) pin from the 8K Decoder, that 8K address boundary 
signal is connected to one specific memory device (in one of the 
eight memory device sockets) only in high speed mode. 


The module can be used either as a high speed memory or as 
a universal memory. The removable 16-pin 8-position shunt is 
placed either in the High Speed Option Shunt socket for high 
speed memory operation, or in the Universal Memory Option 
Shunt socket for universal memory operation. In the high speed 
mode, Memory A Decoder and Memory B Decoder are not 
used, and the address (chip-select) signal from the Address 
Header is applied directly to the applicable Memory A or Memory 
B devices. As a result, decoding time is saved. 


Memory A consists of 2K, 4K, 8K, or 16K memory devices 
installed in the four sockets assigned as Memory A. Memory B 
also consists of memory devices located in four sockets des- 
ignated as Memory B. Thus, the capacity of Memory A or 
Memory B is dependent on the capacity of the memory devices 
installed in each socket. Each of the two groups of four sockets 
can be configured with jumpers to accept one of the four types 
(2K, 4K, 8K, or 16K) of memory devices. Each memory device 
in the memory sockets in Memory A or Memory B must have 
the same capacity. 
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Universal Memory Module 


Device Select А consists of jumpers ЕЗ, E4, and E7 through 
E10 determine the particular type memory device (2K, 4K, 8K, 
or 16K) installed in the Memory A sockels. Similarly, Device 
Select B jumpers E5, E6, and E11 through E14 determine 
memory device types in Memory B. 


Memory А Decoder is a programmable array logic (PAL) device 
internally configured to decode a combination of input signals 
and generate one output (chip-select) signal. Memory Decoders 
A and B are used only when the module is being operated in 
the universal memory mode. Both decoders operate in the 
same manner, but only one is used at a time. Thus, when 
Memory А is addressed, Memory Decoder А is used, and 
Memory Decoder B when Memory B is addressed. 


DEVICES SUPPORTED 


In the universal memory mode, the following is a partial list of 
devices supported: 


16K of the following 2K devices: 


R2316 ROM-Rockwell 
2716 EPROM-Intel 
2516 EPROM-TI 
2016 RAM-Toshiba 
5516 RAM-Toshiba 
6116 RAM-Hitachi 
R5213/2816 EEPROM-Rockwell 
X2816 EEROM-XICOR 
32K of the following 4K devices: 
R2332 ROM-Rockwell 
2732A ROM-Inte! 
2532 (350ns) ROM-TI 


64K of the following 8K devices: 


R2364A, R2364B ROM-Rockwell 


68A764 EPROM-Motorola 
68766 EPROM-Motorola 
2764 EPROM-iIntel 
5564 RAM-Toshiba 
6264 RAM-Hitachi 
8464 RAM-Fujisu 
128K of the following 16K devices: 
R23128 ROM-Rockwell 
27128 EPROM-Intel 


In the high speed mode, the following is a partial list of devices 
supported: 


64K of the following 8K devices: 


R2364A, R2364B ROM-Rockwell 


68A764 EPROM-Motorola 
68766 EPROM-Motorola 
2764 EPROM-intel 
5564 RAM-Toshiba 
6264 RAM-Hitachi 
8464 RAM-Fujitsu 


RM65-3264NE Universal Memory Module 


RM 65 Bus Pin Assignments 


Bottom (Solder Side) Top (Component Side) 


Signal Signai 
Mnemonic Signai Name Mnemonic Signal Name 


Ground +5 Vde 
Buffered Bank Address Buffered Address Bit 15 
Ground Buffered Address Bit 14 
Buffered Address Bit 13 Buffered Address Bit 12 
Buffered Address Bit 11 Ground 
Buffered Address Bit 10 Buffered Address Bit 9 
Buffered Address Bit 8 Buffered Address Bit 7 
Ground Buffered Address Bit 6 
Buffered Address Bit 5 Buffered Address Bit 4 
Buffered Address Bit 3 Ground 
Buffered Address Bit 2 Buffered Address Bit 1 
Buffered Address Bit 0 “Buffered Phase 1 Clock 
Ground “Buffered Sync 
*Buffered Set Overflow "Buffered DMA Request 1 
“Buffered Ready Ground 
"User Spare 1 - 5-12 Мас! -V 
+12V/ +V *+12 Vde/+V *User Spare 2 
GND Ground Line *Buffered Bus Float 
BDMT/ *Buffered DMA Terminate *Buffered External Phase 0 Clock 
*User Spare 3 Ground 
ВАЛА Buffered Read/Write "Not" “Buffered DMA Request 2 
“System Spare *Buffered Read/Write 
GND Ground Buffered Bus Active 
BIRQ/ “Buffered Interrupt Request *Buffered Non-Maskable Interrupt 
В#2/ Buffered Phase 2 "Not" Clock Ground 
Bg2 Buffered Phase 2 Clock “Buffered Reset 
BD7/ Buffered Data Bit 7 Buffered Data Bit 6 
GND Ground Buffered Data Bit 5 
BD4/ Buffered Data Bit 4 Buffered Data Bit 3 
BD2/ Buffered Data Bit 2 Ground 
BD1/ Buffered Data Bit 1 Buffered Data Bit 0 
+5V +5 Vde Ground 


Note: * Not used on this module 


DATA BUS MEMORY 
TRANSCEIVERS А 
MODULE 
ACTIVE 


ВА13/ ВА14/ ВА15/ 


ОЕМСЕ 
SELECT А 


Bagi ТО 
BAI 14 

ADDRESS 
MEMORY A 


DECODER 
BUFFER 


UNIVERSAL 
MEMORY 
OPTION 
SHUNT 


BANK 
ADDRESS MEMORY B 


DECODER 
SELECT DEVICE 
SELECT 8 


Universal Memory Moduie Block Diagram 
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RM65-3264NE 
SPECIFICATIONS 


Parameter 


Пітепсіола 23 


Width 


Length 
Height 


Environment 
Operating Temperature 
Storage Temperature 
Relative Humidity 


Power Requirements 


Connector 
АМ 65 Bus Connector Р1 


Notes: 


3. Dimensions conform to DIN 41612. 


167 MM 
(6.6 IN.) 
LENGTH —— 


млртн 


L 


EUROCONNECTOR 
EXTENSION 


E 


1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom af the module (0.1 in.). 
2. Length does not include the added extension due to the module ejector. 


MATING 
MOTHERBOARD 
AND RECEPTACLE 


Universal Memory Module 


Value 


100 mm (3.94 in.) 
160 mm (6.3 in.) 
14 mm (0.56 in.) 


156 g (5.5 oz.) 


0°С to 70°С 
—40°С to 85°C 
0% to 85% (without condensation) 


5.0V (420 ma. typical, 640 ma. maximum with no memory devices installed) 


64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed)—mates 
with Витду P196B32ROCACOL-9 or equivalent. 


en 


EUROCARD CONNECTOR 
COMPONENT AREA 


“ 
HEIGHT СТ түли куш i 


4 


Module Dimensions 
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RM 65 MICROCOMPUTER MODULES 


The RM65-5101E Floppy Disk Controller Module is one of the 
hardware options available for the RM 65 Microcomputer Module 
family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems сал be developed т R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for a broad 
variety of portable or desktop microcomputer applications. 


PRODUCT OVERVIEW 


The RM 65 Floppy Disk Controller (FDC) Module controls up to 
four standard (8") or mini- (5%") floppy disk drives, single or 
double sided, soft sectored with either single density (FM) or 
double density (MFM) format. Software control of media density 
allows single or double density disks to be used in any con- 
nected drives. 


Two DIP headers configure the FDC to interface with either 
standard or mini-floppy disk drives. An on-board jumper selects 
single or double sided drives and a switch disables on-board 
ROM. The FDC directly interfaces to most popular drives with 
only switch and/or header changes. Bank Select and Bank 
Select Enable switches allow the FDC module to be dedicated 
to one of two 65K memory banks or assigned common to both 
banks. The FDC module /О can be assigned to any page (256 
bytes) using a standard PROM if the ROM is deselected. 
—— 5 dur 


RM65-5101E Floppy Disk Controller (FDC) Module 


RM65-5101E 
RM 65 Microcomputer Family 


RM65-5101E 


RM 65 FLOPPY DISK CONTROLLER 


(FDC) MODULE 


FEATURES 


Compact size—about 4" x 674" (100 mm x 160 mm) 
Pin and socket bus connection 

RM 65 Bus compatible 

Buffered address, data and control lines 


Supports single or double sided, standard or mini-floppy disk 
drives 


Controls up to four disk drives 

e Interfaces directly to Shugart SA-850 or SA-450 disk drives, 
with user options for other popular floppy disk drives 

e Supports single-density IBM 3740 (FM) or double-density 

IBM System 34 (MFM) formats 

DMA data transfer capability 

Supports interrupt-driven or polled operation 

Bipolar PROM Base Address decoding 

Switches or jumpers for 

— Bank Selection to one or two banks 

—Double or Single sided operation 

—8Select or deselect ROM 

— Module disable 

On-board header configures /О for 8" or 514" drive interface 

Fully assembled, tested and warranted 


ORDERING INFORMATION 


Part No. 
RM65-5101E 


Description 


Floppy Disk Controller (FDC) Module with 
on-board ROM* 

Floppy Disk Controller (FDC) Module 
without on-board ROM 
АМ 65 DOS 1.0 НОМ“ 
АМ 65/40 DOS 1.0 НОМ" 


RM65-5101NE 


A65-090 
A65/40-7090 


Description 


FDC Module User's Manual (included with 
RM65-5101E, RM65-5101NE, A65-090 and 


A65/40-7090) 


*ROM contains FDC module primitive subroutines only. 
**ROM contains FDC module primitive subroutines and operator 
selectable file management functions integrated with host com- 
puter VO functions. 


C 32) 


Document No. RMA65N15 


9-37 


Data Sheet Order No. RM15 
Rev. 2, June 1983 


RM65-5101E 


FUNCTIONAL DESCRIPTION 


The Data Transceivers invert and transfer:8-bits of parallel data 
between the FDC module and the RM 65 bus, based on control 


signals from the Base Address Decoder and the Coritrol Buffers.” 


The read/write contro! line determines the direction, while the 
bus active enables the Data Transceivers. 


The Address Buffers invert and transfer 12 of the 16 parallel 
address lines from the RM 65 bus to the Base Address Decoder, 
the Program ROM and the Floppy Disk Controller (FDC) device. 


The Control Buffers invert and transfer phase 2 clock, reset, and 
tead/write control signals from the RM 65 bus onto the module. 


The Bank Select Control circuit detects when the module's 
assigned memory bank is addressed by comparing the bank 
address signal from the RM 65 bus to the Bank Select and Bank 
Select Enable switches. The Bank Select Enable switch assigns 
the module to be active in common memory (both Bank 0 and 
Bank 1) or only in the Bank set by the Bank Select switch (either 
Bank 0 or Bank 1). 


The Interrupt and DMA Control circuit enables operation in 
either an interrupt driven mode or under DMA control. Both 
Interrupt generation and DMA requests can be disabled under 
program control. The DMA request is jumper selectable for 
either of two DMA request lines connected to the RM 65 bus. 


The Base Address Decoder, with the Base Address Select 
PROM, the Bank Select Control circuit, the ROM Disable switch, 
and the phase 2 and read/write signals control device selection 
on the module. The Base Address Select PROM compares the 
eight most significant address lines to the programmed 
addresses to generate device select signals to the Program 
ROM and the /О devices. The ROM Disable switch assigns the 
module to be active either in a 256 byte page (disabled) or in 
a 4K byte block (enabled). А separate Module Disable switch 
allows the entire module to be disabled. 


When the ROM is disabled, only the /О devices are active, in 
the 256 byte page that matches all eight Base Address Select 
bits. For the ИО devices, the three least significant address 
lines, along with the phase 2 clock and read/write control sig- 
nals, drive register select lines to tbe FDC device, and device 
select lines to the Drive Status Buffer and Drive Control Register. 


When the ROM is enabled, the module is active in the 4K byte 
block that matches the four most significant Base Address 
Select bits. The program ROM is selected except when the 
address matches the four least significant Base Address Select 
bits, in which case the I/O device select lines are selected. 


The Controller Clock derives a reference frequency for the FDC 
device from a crystal controlled oscillator. The frequency is 1 
MHz or 2 MHz, depending on the Drive Configuration Header 
position. 


The FDC device, in conjunction with the Data Separator and 
Precompensation Circuitry, interfaces the RM 65 bus to the 
Floppy Disk medium. The circuitry supports 514” or 8", single 
or double sided disk drives, with choice of single or double den- 
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Fioppy Disk Controller (FDC) Module 


sity, soft sector formats. The FDC features powerful commands, 
including single or multiple record read/write with ‘selectable 
record lengths. Write precompensation circuitry ensures reliable 
data recovery in double density formats. The Precompensation 
jumper selects precompensation on all tracks, only on tracks 44 
and greater, or no precompensation at all. 


The Drive Configuration header selects the ГО connector and 
FDC circuitry for either 5%” mini-floppy or 8" standard floppy 
disk formats. The 50-рп /О receptacle connects the FDC module 
to a mass terminated cable connected to the installed disk 
drives, A 34-pin cable and mating connector can be used to 
connect the 5%” mini-floppy drives while а 50-pin cable and 
mating connector is needed to connect to the 8” floppy drives. 


The Drive Status Buffer allows detection of the Drive Configu- 
ration header and Single/Double Sided Drive jumper positions, 
as well as selected density and side information. 


The Drive Control Register provides contro! of the side and drive: 
selection, motor on, head load, double density, and interrupt 
disable. The Active Side O Level jumper allows the use of var- 
ious drives without modification. 


The Ready State Generator provides wait states as required by 
the FDC device. 


The Program ROM contains primitive subroutines to support 
operations with up to four disk drives (single or double side, 
single or double density), including: 


Format a Disk 

Read or Write a Sector 

Seek or Verify Seek of 
a Track 

Restore the Head 


Read or Write Мире 
Sectors 

Read or Write a Track 

Turn Motors On or Off 

Select or De-select any Drive 


A user-provided program may call these subroutines to build an 
application dependent file-handling system. 


OPTIONAL DISK OPERATING SYSTEM 
(DOS) FIRMWARE 


Two optional ROMs are available that integrate the FDC prim- 
itive subroutines with operator selectable file management func- 
tions for operation on the AIM 65 and AIM 65/40 microcomputers. 
Either of these ROMs may be installed into the PROM/ROM 
Socket on the FDC module to provide a firmware based Disk 
Operating System (DOS). 


This version 1.0 ROM-based system offers the same conve- 
nience as the other АМ 65 and АМ 65/4C firmware in that it 
is immediately available for use through the Debug Monitor/Text 
Editor upon power turn-on. Mass storage operation may, there- 
fore, proceed without waiting for loading of the DOS into RAM. 
Text and program source code may be written to, and read from, 
disk with the Editor LIST (L) and READ (R) commands, respec- 
tively. Similarly, binary data and program object code may be 
written to, and loaded from, disk using the Monitor DUMP (D) 
and LOAD (L) commands, respectively. АМ 65 and АМ 65/40 


RM65-5101E 


Assembler and PL/65 files, both source and object code, are 
therefore supported. AIM 65 and AIM 65/40 BASIC programs 
may also be saved on, and loaded from disk. 


The primary DOS commands are: 
Delete a File Name 


Recover a File Name 
Backup a Disk 


Format a Disk 
List the Directory 
List a File 


Files are created automatically upon writing a file to disk. A file 
name (up to 10 characters in length) and the disk drive number 
(from 1 to 8) are operator entered in response to system prompts. 
(Double-sided drives are treated as two separate sides.) 


Floppy Disk Controller (FDC) Module 


The disk format function initializes a disk depending upon size, 
density and drive number. 514” and 8" disks are initialized to 35 
and 77 tracks, respectively, however these values are user- 
alterable. 


The contents of a file may be listed to another peripheral, 
including a file on another disk drive to allow copying of a file. 
All the active files on a disk may be copied to another disk using 
the backup function. 


A file may be deleted (if active) to prevent it from being accessed 
or recovered (if deleted) to allow it to be accessed. 


RM 68 
BUS CONNECTOR 


L] DATA 

os TRANSCEIVERS 
BUFFERS ЩЕ: 
ВАЗЕ M 

Қ омы p 
SELECT Г] BASE 


DATA 
BUS ACTIVE 


| ADDRESS 


PROM 


TIMING CONTRDL vO 
AND BUFFERS DISABLE 
CONTROL SWITCH 


BANK SELECT 
SWITCH 


BANK 
ADDRESS 


BANK SELECT 
ENABLE 
SWITCH 


INTERRUPT 


DMA REQUESTS 


ANO 


DMA CHANNEL 
JUMPER 


READY 
STATE 
GENERATOR 


READY 


RDM OISABLE 
SWITCH 


INTERRUPT 


ОМА 
CONTROL 


fu 


ADDRESS 
DECODER 


vo 
CONNECTOR 


[01783 
FLDPPY 


DISK 
CONTROLLER 
OEVICE 


SINGLE/DDUBLE 
SIOED ORIVE 
JUMPER 


DRIVE 
STATUS 
BUFFER 


ORIVE 
CONTROL 
REGISTER 


CONTROLLER 
CLOCK 


Floppy Disk Controller Module Block Diagram 
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RM 65 Bus Pin Assignments 


ы Bottom (Solder Side) Top (Component Side) 
Signal TT Signal 

Pin Mnemonic Signai Name Pin Mnemonic Signal Name 
1a GND Ground 1c 45V 45 Vdc 

2a BADR/ Buffered Bank Address 2c BA15/ Buffered Address Eit 15 
3a GND Ground 3c BA14/ Buffered Address Ей 14 
4a BA13/ Buffered Address Bit 13 4c BA12/ Buffered Address Eit 12 
5a BA11/ Buffered Address Bit 11 5c GND Ground 

6a BA10/ Buffered Address Bit 10 6c BA9/ Buffered Address Eit 9 
7a BA8/ Buffered Address Bit 8 7с ВА?/ Buffered Address Bit 7 
8a GND Ground 8c ВАб/ Buffered Address Bit 6 
9a ВА5/ Buffered Address Bit 5 9c ВА4/ Buffered Address Bit 4 
10a ВАЗ/ Buffered Address Bit 3 10с GND Ground 

11а ВА2/ Buffered Address ВИ 2 11с ВА1/ Buffered Address Bit 1 
12a ВАО/ Buffered Address Bit 0 12c ва “Buffered Phase 1 Clock 
13a GND Ground 13¢ BSYNC *Buffered Sync 

14a BSO *Buffered Set Overflow 14c BDRQ1/ Buffered DMA Request 1 
15а BRDY Buffered Ready 15с GND Ground 

16a *User Spare 1 16c —12\/-У *-12 Vdc/ -V 

17a +12V/4V +12 Мас 17c *User Spare 2 

18a GND Ground Line 18c BFLT/ *Buffered Bus Float 

19a BDMT/ “Buffered DMA Terminate 19¢ Bgo *Butfered External Phase 0 Clock 

20a *User Spare 3 20с GND Ground 

21а BR/WJ Buffered Read/Write "Not" 21с BDRQ2/ Buffered ОМА Request 2 

22a *System Spare 22c BRW *Buffered Read/Write 

23a GND Ground 23c BACT/ Buffered Bus Active 

24a BIRQ/ Buffered interrupt Request 242 BNMI/ *Buffered Non-Maskable interrupt 

25a [Е Buffered Phase 2 "Not" Clock 25c GND Ground 

26a Bg2 “Buffered Phase 2 Clock 26c BRES’ Buffered Reset 

27a BD7/ Butfered Data Bit 7 27с BD6/ Buffered Data Bit 6 

28a GND Ground 28c BD5/ Buffered Data Bit 5 

29a BD4/ Buffered Data Bit 4 29c воз/ Buffered Data Bit 3 

30a BD2/ Buffered Data Bit 2 30c GND Ground 

31a BD1/ Buffered Data Bit 1 31c BDO/ Buffered Data Bit 0 

32a +5V +5 Мас =^ 32c GND Ground 


Note: 
*Not used on this module. 
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VO Connector Pin Assignments 


FDC Moduie Standard Floppy Disk Drive E Mini-Fioppy Disk Drive 
ИО Connector Interface Cabie Connector Interface Cabie Connector (2) 
Ein Signal Name Pin Signal Name 
2 Track 43 (Remex & MFE or equivalents) 
4 N.C. 
6 N.C. 
8 Track > 43 (Caldisk or equivalents) 
10 N.C. 
12 N.C. 
14 2nd Side Select 
16 N.C. 
18 Head Load 2 N.C. 
20 Index 4 N.C. 
22 Drive Ready 6 Drive Select #4 
24 N.C. 8 Index 
26 Drive Select #1 10 Drive Select #1 
28 Drive Select #2 12 Drive Select #2 
30 Drive Select #3 14 Drive Select #3 
32 Drive Select #4 16 Motor On 
34 Direction In 18 Direction п 
36 Step Puise 20 Step Pulse 
38 Write Data 22 Write Data 
40 Write Gate 24 Write Gate 
42 Track Zero 26 Track Zero 
44 Write Protected 28 Write Protected 
46 Read Data 30 Read Data 
48 N.C. 32 2nd Side Select 
50 N.C. || 34 N.C. 


Notes: 
1. All odd numbered pins are GND. 
2. Pin 1 of the 34-pin mini-floppy disk drive interface cable connector should be keyed to pin 17 of the РОС module ИО connector. 


6.8 IN. MATING 
(172 MM) MOTHERBOARD 
AND RECEPTACLE 
LENGTH 
--П 
tt 
1 
| н 
| 
Ш 
WIDTH п 
|! 
' І 
il 
І 
ET 
ES БИ EUROCONNECTOR 


EXTENSION 


EUROCARD CONNECTOR 


COMPONENT AREA 


ED Е 


HEIGHT — E 


Floppy Disk Controiier Module Dimensions 
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SPECIFICATIONS 
Parameter Value 
т — ^i 
Dimensions (1, 2, 3) 
Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 
Height 0.56 in. (14 mm) 
— — 
Weight 5.2 oz. (145 g) 
Environment 
Operating Temperature 0°C to 70°C 
Storage Temperature —40*C to +85°C 
Relative Humidity 0% to 85% (Without condensation) 
Power Requirements +5 Vdc =5% @ 600 mA— Typical 
900 mA— Maximum 
+12 Мас +5% @ 60 mA— Typical 
100 тА--Махітит | 
Interfaces 
RM 65 Bus Interface 64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 
VO Connector 50-pin mass terminated connector (0.100 in. centers) 
Mates with I&B/Ansley Part No. 609-5001M or equivalent 
Notes: 
1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 
2. Length does not include the added extension due to the module ejector. 
3. Dimensions conform to DIN 41612. 
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Rockwell 


RM 65 MICROCOMPUTER MODULES 


The RM65-5102E CRT Controller Module is one of the hard- 
ware options available for the RM 65 Microcomputer Module 
family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
Products may also be used with Rockwell AIM 65 and AIM 65/ 
40 Microcomputers for product development and for a broad 
variety of portable or desktop microcomputer applications. 


PRODUCT OVERVIEW 


The CRT Controller (CRTC) Module interfaces the RM 65 to a 
CRT monitor or television receiver. The CRTC module outputs 
HSYNC, VSYNC, and raw video signals for direct connection 
to a CRT Monitor, and composite video for connection to a CRT 
monitor or to a TV receiver through an RF modulator. A sock- 
eted on-board ROM generates 5 х 7 characters with two des- 
cenders па 7 x 10 dot matrix field to provide upper and lower 
case alphanumerics and special symbols. The 2K bytes of on- 
board display RAM are memory-mapped. 


A 2K-byte program ROM provides firmware to configure the 
display format for 80 columns by 25 rows or 40 columns by 16 
rows, scan rate of 50 or 60 Hz, and a CRT display driver for 
AIM 65. There are also cursor control, screen editing, and utility 
routines. 


ORDERING INFORMATION 


Part No. Description 
RM65-5102E CRT Controller (CRTC) Module 

Order No. Description 

814 CRT Controller (CRTC) Module User's 


Manual (included with RM65-5102E) 


ВМ65-5102Е 
НМ 65 Microcomputer Family 


RM65-5102E 


RM 65 CRT CONTROLLER (CRTC) MODULE 


FEATURES 


Compact size—about 4" x 6%” (100 mm x 160 mm) 
RM 65 bus compatible 
4K Byte character generator ROM with: 
— Upper and lower case alphabetics 
— Special characters 
—Numbers including subscripts and superscripts 
— Ман symbols 
—Semi-graphics 
On-board ROM firmware supports: 
—Scrolling 
— Screen editing 
— Full cursor movement control 
— Full screen standard or inverse video 
—Predefined formats for 
80 column by 25 row (50/60 Hz) 
72 column by 22 row (50/60 Hz) 
40 column by 25 row (60 Hz) 
40 column by 16 row (60 Hz) 
—Selectable format from 1 to 80 columns by 1 to 25 rows 
—NTSC (60 Hz, 525 lines per frame) and European (50 Hz, 
625 lines per frame) raster format 
— CRT display driver for AIM 65 
e Single 5 volt operation 
e Fully assembled, tested and warranted 
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RM65-5102E CRT Controller (CRTC) Module 


Document No. RMA65N14 


Data Sheet Order No. RM14 
Rev. 1, June 1983 


RM65-5102E 


FUNCTIONAL DESCRIPTION 


The Data Transceivers invert and transfer 8 bits of parallel data 
between the CRTC Module and the RM 65 bus, based on con- 
trol signals from the Base Address Decoder and the Control 
Buffers. The read/write control line determines the direction, 
while the bus active enables the Data Transceivers. 


The Address Buffers invert and transfer the 16-bit parallel 
address lines from the RM 65 bus to the Base Address Decoders, 
the R2316 ROM, the CRT Controlier (CRTC) device, and to the 
Refresh RAM device. 


The Control Buffers invert and transfer the phase 2 clock and 
read/write control signals from the RM 65 bus onto the module. 


The Bank Select Control circuit detects when the module’s 
assigned memory bank is addressed, by comparing the bank 
address signal from the RM 65 bus to the Bank Select and Bank 
Select Enable switches. The Bank Select Enable switch allows 
the board to reside in common memory (both Bank 0 and Bank 
1) or only in the Bank set by the Bank Select switch (either Bank 
0 or Bank 1). 


The Base Address Decoder, with the Base Address Select 
switches, the Bank Select Control circuit, the ROM Disable 
Switch and the read/write and phase 2 clock signals, generates 
device selects for the on-board ROM, RAM, and VO (CRTC 
device and Display Enable Status Buffer). The Base Address 
Select switches allow the module to be selected to any 4K block. 
Within the selected 4K block, the RAM is assigned to the lower 
8 pages (2K bytes), and the I/O to the first 256 byte page of the 
upper 2K bytes. When the ROM is disabled, only the RAM and 
VO can be selected and the module is assigned 9 pages (2304 
bytes) in memory. When the ROM is enabled, the module is 
assigned the full 4K bytes, with 7 pages for ROM, in addition 
to the RAM and I/O. 


The Controller Clock uses a crystal-controlled oscillator to derive 
a 6 MHz or 12 MHz reference for the shift register dot clock 
depending on the Dot Clock Select jumper position. With the 6 
MHz clock, up to 40 characters per line can be displayed on any 
monitor or standard television using an RF modulator. Up to 80 
characters per line can be achieved with the 12 MHz clock and 
a high bandwidth monitor. The dot clock is divided by seven to 
provide a Character Clock for the CRTC device and а load char- 
acter signal for the shift register. 


The Refresh RAM provides 2K bytes of display memory, for 
Screen densities of up to 25 lines with as many as 80 characters 
each. The RAM is directly mapped into the RM 65 memory map, 
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CRT Controller (CRTC) Module 


so the display can be updated by a block memory move ог 
under DMA control. The Refresh RAM Multiplexer and RAM 
Transceiver allow the RM 65 bus and the САТС device to both 
access the Refresh RAM, with the RM 65 bus having priority 
when any conflict occurs. 


The Display Enable Status Buffer allows (ле RM 65 bus to mon- 
itor the active display times, so that display memory transfers 
can be made with no visible distortion. 


The Character Generator ROM holds the fonts for the character 
set. These fonts are stored as 256 characters, each with 10 
seven-bit rows. The four CRTC device row address lines and 
the eight Character Latch bits, which hold the character being 
tefreshed, create an address for the character generator ROM. 
The output data of the ROM, which is seven parallel bits, rep- 
resents the display pattern. The Shift Register takes this data 
and forms the serial video data. The Video Summer combines 
and buffers the serial video data with CRTC device timing sig- 
nals to form a composite video output and a separate video, 
horizontal sync, and vertical sync. 


The Program ROM contains the firmware for an intelligent CRT 
driver, in addition to utilities to aid in custom CRT display 
application software. There are six predefined screen formats, 
including 25 lines of 80 characters (50 or 60 Hz), 22 lines of 72 
characters (50 or 60 Hz), 25 lines of 40 characters (50 Hz), and 
16 lines of 40 characters (60 Hz). For other formats, any dimen- 
sions from 1 to 25 lines of from 1 to 80 characters can be 
defined (50 or 60 Hz). Full screen inverse video and 256 display 
characters allow flexible display capabilities. 


The intelligent display driver controls all screen updating and 
cursor movement for the selected screen format. The cursor can 
be on, off, or blinking with movements including up, down, left, 
right, home, and carriage return, as well as to any row and 
column position. There are many commands to facilitate screen 
editing, such as: 


Insert character or line 

Delete character or line 

Clear to end of line 

Clear to end of screen 

Clear line or screen 

Set or Clear special character mode 


The firmware utilities are useful for special applications. There 
is also a display driver which replaces the AIM 65 on-board dis- 
play with a CRT monitor and an AIM 65 Assembler listing refor- 
matter which takes advantage of the lorger display lines. 


RM65-5102E CRT Controller (CRTC) Module 


RM 65 CRTC Control Commands 


Character Description Code Character Description 


* 10 CTRL P Pass Through Next Character 
Clear Line 11 CTRL Q М 
Clear to End of Line 12 CTRL R , 
Clear Screen 13 CTRL S Toggle Insert Character Mode 
Clear to End of Screen 14 CTRL T Delete One Character 
Clear Screen 15 CTRL U Insert One Line 
Clear to End of Screen 16 CTRL V Delete One Line 
* 17 CTRLW Display Cursor 
Backspace (ж) 18 CTRL X Blank Cursor 
Horizontal Tab (~) 19 CTRL Y Relink AIM 65 Display 
Line Feed (+) 1A CTRLZ * 
Vertical Tab ($) 1B CTRL [ Escape Character (ESC) (1) 
Form Feed (Clear Screen) 1C CTRL \ Blinking Cursor 
Carriage Return (Home on Line) 1D CTRL] Enter Normal Characters 
Home on Screen 1E CTRL A Perform Self Test 
Home on Screen 1F CTRL – Reverse Video 

"These characters have no effect. 

(1) There are two escape sequences as follows: 

Hex Code Character Sequence Function 
1B 3D YY ХХ ESC = ух Move the cursor to the row у and column x position, with row у between юр ($00) and bottom 


($19), and column x between leftmost ($00) and rightmost ($4F). 


1B 47 ESC G Enter Graphics Character Mode 
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CRT Controller Module Block Diagram 
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RM65-5102E CRT Controller (САТС) Module 


RM 65 Bus Pin Assignments 


Bottom (Soider Side) Top (Component Side) 
Signal Signai 
Mnemonic Signal Name Pin Mnemonic Signal Name 
————E ——| ---------- 
GND Ground 1с +5V +5 Vde 
BADR/ Buffered Bank Address 2c BA15/ Buffered Address Bit 15 
GND Ground 3c BA14/ Buffered Address Bit 14 
BA13/ Buffered Address Bit 13 4c BA12/ Buffered Address Bit 12 
BA11/ Buffered Address Bit 11 5c GND Ground 
BA10/ Buffered Address Bit 10 6c ВА9/ Buffered Addresis Bit 9 
ВАВ/ Buffered Address Bit 8 7с BA?/ Buffered Address Bit 7 
8a GND Ground 8c ВАб/ Buffered Address Bit 6 
9a BAS/ Buffered Address Bit 5 9с BA4/ Buffered Address Bit 4 
10a ВАЗ/ Buffered Address Bit 3 10с GND Ground 
11а BA2/ Buffered Address Bit 2 tic ВА1/ Buffered Address Bit 1 
12a ВАО/ Buffered Address Bit 0 12c Bf1 *Buffered Phase 1 Clock 
13a GND Ground 13c BSYNC *Buffered Sync 
14a BSO *Buffered Set Overflow 14c BDRQ1/ *Buffered DMA Request 1 
15a BRDY *Buffered Ready 15c GND Ground 
16a "User Spare 1 16c -12V/-V *-12 Vdc/ -V 
17a +12\/+У *+12 Vde/+V 172 *User Spare 2 
18a GND Ground Line 18c BFLT/ *Buffered Bus Float 
19a BDMT/ *Buffered DMA Terminate 19c Báo *Buffered External Phase 0 Clock 
20a *User Spare 3 20c GND Ground 
21a BR/W/ *Buffered Read/Write "Not" 21c BDRQ?2/ “Buffered DMA Request 2 
22a “System Spare 22с BRIW Buffered Read/Write 
23a GND Ground 23c ВАСТ/ Buffered Виз Active 
24a BIRQ/ *Buffered Interrupt Request 24c BNMI/ *Buffered Non-Maskable Interrupt 
2a Bó2/ Buffered Phase 2 "Not" Clock 25c GND Ground 
26a Bf Buffered Phase 2 Clock 26c BRES/ Buffered Reset 
27a BD7/ Buffered Data Bit 7 27с BD6/ Buffered Data Bit 6 
28а GND Ground 28с BD5/ Buffered Data Bit 5 
29a BD4/ Buffered Data Bit 4 29c BD3/ Buffered Data Bit 3 
30a BD2/ Buffered Data Bit 2 30c GND Ground 
31a BD1/ Buffered Data Bit 1 31c вро/ Buffered Data Bit 0 
32a | +5V +5 Vde _ | 32c GND Ground 
Note: 
*Not used on this module. 
6.8 IN. MATING 
(172 ММ} MOTHERBOARD 
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АМ65-5102Е CRT Controller (CRTC) Module 


SPECIFICATIONS 
Parameter Value ME 
Dimensions (1, 2, 3) 
Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 
Height 0.56 in. (14 mm) 
Environment 
Operating Temperature 0°С to 70°C 
Storage Temperature —40°С to +85°C 
Relative Humidity 0% to 85% (without condensation) 1 
Power Requirements +5 Мас +5%, 0.94 A (4.7 W)—Typical 
T .8 W)—Maximu 
30 A (6.8 W) m 1 
Interface 
RM 65 Bus Interface 64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 
VO Connector 
Composite Video Mini-coax connector (50 ohm SMC type) 
Mates to Sealectro Part No. 050-024-0000-220 or equivalent 
Raw Video and Sync 6-pin connector 
Mates to AMP No. 87159-6 or equivalent _| 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not inciude the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. 
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Rockwell 


RM 65 MICROCOMPUTER MODULES 


The RM65-5104E Direct Memory Access Controller (DMAC) 
Module is one of the hardware options available for the RM 65 
Microcomputer Module family. 


RM 65 Microcomputer Modules products are designed for OEM 
and end user microcomputer applications when state-of-the-art 
Performance, compact size, modular design, and low cost are 
required. Software for RM 65 systems can be developed in 
R6500 Assembly Language, PL/65, BASIC, and Forth. Both 
BASIC and Forth are available in ROM and can be incorporated 
into the users system. 


RM 65 modules use a motherboard interconnect concept in 
which any card can be inserted into any slot. The 64-те RM 
65 Bus permits memory addressing up to 128K bytes, provides 
high immunity to electrical noise, and contains growth provi- 
sions for user functions. A selection of card cages allows pack- 
aging flexibility. RM 65 products may also be used with Rockwell 
AIM 65 and AIM 65/40 Microcomputers for product development 
and for a broad variety of portable or desk-top microcomputer 
applications. 


PRODUCT OVERVIEW 


The RM65-5104E DMAC Module performs high speed data 
transfers between memory and/or VO devices connected to the 
RM 65 Bus. The data transfer rate when controlled by the DMAC 
Module hardware is typically four times faster than the data 
transfer rate achieved by CPU software. Thus by using the 
DMAC Module, substantial time is saved when transferring large 
blocks of data. 


After a DMA transfer is initiated by the CPU module, the DMAC 
Module takes control of the RM 65 Bus and independently com- 
pletes the data transfers. Operation of the DMAC Module can 
be controlled by ап AIM 65, an AIM 65/40 SBC Module, or any 
other CPU module connected to the RM 65 Bus. During the 
DMA data transfers, the RM 65 SBC, AIM 65, or AIM 65/40 can 
continue operations on its internal buses. 


The DMAC Module is especially effective in the rapid transfer 
of data between either 5%-іпсһ or 8-inch floppy disks controlled 
by either the FDC Module (RM65-5101E) or the RM 65 IEEE- 
488 Module (RM65-7102E) and other memory or ИО modules 
connected to the RM 65 Bus. 


RM65-5104E 
RM 65 Microcomputer Family 


RM65-5104E 
RM 65 DIRECT MEMORY ACCESS 
CONTROLLER MODULE 


FEATURES 


Rockwell RM 65 Bus compatible 

e Compact size—100 mm x 160 mm (approximately 4 in. x 
6.25 in.) 

Executes memory-to-memory, l/O-to-I/O, тетогу-іо-/О, and 
VO-to-memory transfers 

® ОМА data transfers can be either within the same bank or 
beween banks 

Memory address counters can either be incremented or 
decremented 

Interleaved, cycle steal, and burst modes 

Processor-hold and processor-run operations 

Two DMA request channels 

DMA interrupt selectable either to the Non-Maskable Interrupt 
or the Interrupt Request (BIRQ) line 

500K bytes per second maximum transfer rate 

e DMA termination signal to abort any DMA transfer operation 
in progress 

Supports RM 65 FDC 8-inch double-density operation 
Programmable Byte Counter for up to 65K-byte transfers 
Bank switches to assign ИО addresses to either one or two 
65K memory banks 

ИО Base Address switch selectable to a page boundary 
Operates from a single --5V power source 

• Fully assembled and tested with a one-year warranty 


ORDERING INFORMATION 


Part No. Description 


RM65-5104E Direct Memory Access Controller (DMAC) Module 
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RM65-5104E Direct Memory Access 
Controller (DMAC) Module 
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Document No. RMA65N26 


Data Sheet Order No. RM26 
Rev. 1, June 1983 


АМ65-5104Е 


FUNCTIONAL DESCRIPTION 


Addresses on the RM 65 Bus are compared with the address 
set by the module Base Address switches. If the Bank Select 
Enable switch is set, the bank-address signal (BADR/) is com- 
pared with the signal from the Bank Select switch. When the 
BADR’ and address signal states on the bus match the signal 
states generated by the Base Address and Bank Select switches, 
the Microcode Generator, Chip Select, and Data Buffer circuits 
are enabled. 


When the module circuits are enabled, the four least significant 
address signals and the read/write signal (R/W-) generate chip- 
select and microcode signals. The chip-select signals enable 
devices within the DMAC Module either to accept or to output 
data. The microcode signals control which registers are active 
in the DMA Source Address, Destination Address, and Byte 
Count Generators. 


After the generators are enabled and selected, data can be 
transferred between the module and the RM 65 Bus. Before the 
start of a DMA operation, these generators must be initialized. 
The Source Address Generator and the Destination Address 
Generator, respectively, must be loaded to specify the starting 
address of the source and the destination address during DMA 
data transfers. Control registers must be loaded to specify if the 
address is to be incremented or decremented after each byte. 
The Byte Count Generator must be loaded to specify the number 
of bytes of data to be transferred. A control byte in the Byte 
Count Generator indicates whether the contents of the register 
are to be incremented or decremented. Typically, the Byte 
Count Generator is set up to count down because the DMA 
transfer stops when the byte count becomes zero. 


Contents of the Command Register specify the parameters the 
DMAC Module is to use and start the DMA cycle. After the Com- 
mand Register has been loaded, the DMAC Module waits for 
two signals before beginning a DMA cycle. If the DMAC Module 
is to transfer data to or from an ИО device, a DMA request signal 
must be received from the 1/О device. For l/O-to-VO transfers, 
а DMA request must be received from each ИО device. For 
memory-to-memory transfers, the ОМА request is generated by 
the DMAC Module. The second signal required for DMA trans- 
fers is the sync signal. When the sync signal goes high, the 
DMAC Module forces the ready signal low (if the processor-stop 
mode is enabled), floats (effectively disconnects) the RM 65 Bus 
from the microprocessor, and switches module operation to the 
Head state. 
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During DMA cycles, the DMAC Module is controlled by the State 
Control Circuitry. When the DMAC Module is idle, module 
operation starts or concludes in the Initialize And Conclude 
state. In the Read state, the source address from the Source 
Address Generator is placed on the RM 65 address lines. Data 
on the RM 65 data lines is then transferred from the source 
device and saved in a temporary storage register. During the 
Write state, the destination address from the Destination Address 
Generator is placed on the RM 65 address lines. Data in the 
Temporary Data Register is then placed on the RM 65 data lines 
and transferred to the destination device. 


After the Write state, the byte count and mode of operation 
affect the state which the DMAC Module next enters. If the byte 
count is zero, DMAC Module operation switches to the Initialize 
And Conclude state and control of both the RM 65 Bus and the 
system returns to the processor. If the byte count is not zero, 
then the mode af operation affects the next DMA state. When 
the byte count is not zero and the data transfer is between two 
memory devices, operation of the DMAC Module switches to 
the Head state. 


When the data transfer involves /О devices, DMAC Module 
operation switches to a Read state if the DMA request signal 
(or signals during /О-іо-І/О transfers) is present. If the DMA 
request signal is not present and the module is in the burst 
mode, the mode of operation switches to a Hold state and 
remains in the state until the DMA request signal is present. 
Module operation then switches to a Reac state. If the DMAC 
Module is operating in an interleaved mode, the operation is 
switched to the Initialize And Conclude state and contro! returns 
to the processor. The module takes contro! again as soon as 
sync and DMA request signals are present. 


At the end of a DMA cycle, after the byte count has been 
reduced to zero and DMAC Module control has switched to the 
Initialize And Conclude state, system control returns to the 
microprocessor. The ready signal is disabled. The DMAC Module 
Command Register is cleared and the transfer-complete flag is 
written into the Status Register. If the inte тирі mask bit is not 
set, either an interrupt request or a nonmaskable interrupt signal 
is generated. 


DMAC Module operating modes are controlled by bits in the 
DMAC Module Command Register. Modes available are Halt, 
interrupt Mask, Burst, and Interleaved. 
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INTERRUPT SOURCE 


JUMPER 


RM65-5104E DMAC Module Block Diagram 
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RM 65 Bus Pin Assignments 


Bottom (Solder Side) Top (Component Side) 
Signal Signal 
Pin Mnemonic Signal Name y/o Pin Mnemonic Signal Name Ше) 
la GND Ground 1c +5V +5 Vde 
2a BADR/ Buffered Bank Address Џој 2с BA15/ Buffered Address Bit 15 Ше] 
За GND Ground 3c ВА14/ Buffered Address Bit 14 Џој 
да ВА13/ Buffered Address Bit 13 Vo 4c ВА12/ Buffered Address Bit 12 Џој 
5а ВА11/ Buffered Address Bit 11 Џој 5c GND Ground 
6a BA10/ Buffered Address Bit 10 Џој 6c BA9/ Buffered Address Bit 9 Vo 
7a BA8/ Buffered Address Bit 8 Џој 7с ВА7/ Buffered Address Bit 7 yo 
8a GND Ground | 8с ВАб/ Buffered Address Bit 6 vO 
9а ВА5/ Buffered Address Bit 5 Џој 9с ВА4/ Buffered Address Bit 4 yo 
10a ВАЗ/ Buffered Address Bit 3 Џој 10с GND Ground 
11а BA2/ Buffered Address Bit 2 vO 11с ВА1/ Buffered Address Bit 1 Џој 
12а ВАО/ Buffered Address Bit 0 Џој 12c Вӣ1 Buffered Phase 1 Clock 1 
тза амр Ground 132 BSYNC Buffered Sync Џој 
14а BSO “Buffered Set Overflow 14c BDRQ1/ Buffered DMA Request 1 1 
15а BRDY Buffered Ready о 15с GND Ground 
16a “User Spare 1 16c —12V/-V | *-12 Vdc/-V 
17a +12V/+V | * +12 Мас/+У 17с “User Spare 2 
18a GND Ground 18с BFLT/ Buffered Bus Float о 
19а BDMT/ Buffered DMA Terminate 1 19c Bo "Buffered External Phase 0 Clock 
20a *User Spare 3 20c GND Ground 
21a BR/W/ Buffered Read/Write "Not" vO 21c BDRQ2/ Buffered DMA Request 2 1 
22а *System Spare 22с BRW Buffered Read/Write vo 
23a GND Ground 23c BACT/ Buffered Bus Active о 
24а BIRQ/ Buffered Interrupt Request о 24c вмму Buffered Non-Maskable Interrupt о 
25а вф2/ Buffered Phase 2 “Not” Clock о 25с GND Ground 
26a B2 Buffered Phase 2 Clock VO 26c BRES/ Buffered Reset i 
27a BD7/ Buffered Data Bit 7 Џој 27c BD6/ Buffered Data Bit 6 vO 
28a GND Ground 28с BD5/ Buffered Data Bit 5 Џој 
29а BD4/ Buffered Data Bit 4 Vo 29c BD3/ Buffered Data Bit 3 vO 
30a BD2/ Buffered Data Bit 2 vO 30c GND Ground 
31a BD1/ Buffered Data Bit 1 Џој 31c вро/ Buffered Data Bit 0 Џој 
32а +5V +5 Vde 32c GND Ground 


L 2 


Note: 
*Not used on this module. 
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RM65-5104E Direct Memory Access Controller (DMAC) Module 
SPECIFICATIONS 


Parameter 


Dimensions (1, 2, 3) 
Width 

Length 

Height 


Weight 


100 тт (3.9 іп.) 
164 тт (6.4 іп.) 
14 mm (0.56 in.) 


137 g (4.8 02.) 


Environment 
Operating Temperature 
Storage Temperature 
Relative Humidity 


ФС to 70°C 
—40°С to +85°C 
0% to 85%, without condensation 


+5 Мс +5%, at 1.2A (6.0W)— Typical 
1.9A (9.5W)—Maximum 


64-pin plug (0.100 in. centers) per DIN 41612 (a and b with c not installed) 


Power Requirements 


RM 65 Bus Interface 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in.), printed circuit board thickness (0.062 іп.), and 
pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 

3. Connector conforms to DIN 41612. 


172 MM MATING 
(6.8 IN.) MOTHERBOARD 
AND RECEPTACLE 


LENGTH ийа 
--п EUROCARD CONNECTOR 
и, 
Н COMPONENT AREA 
ч 
ң 
WIDTH it HEIGHT 
К 
и 
= | EUROCONNEGTOR 


EXTENSION 


ВМ65-5104Е DMAC Module Dimensions 
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ВМ 65 MICROCOMPUTER MODULES 


The RM65-5222E GPIO & Timer Module is one of the hardware 
options available for the RM 65 Microcomputer Module family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed т Н6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user’s system. 


RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for a broad 
variety of portable or desk-top microcomputer applications. 


PRODUCT OVERVIEW 


Тһе RM65-5222E General Purpose Input/Output (GPIO) & Timer 
Module provides a parallel I/O interface to the RM 65 Bus. Two 
R6522 Versatile Interface Adapter (VIA) devices provide four 8- 
bit bidirectional data ports and four 2-bit control ports; 40 VO 
lines in all. Two multi-mode 16-bit timer/counters extend the 
versatility of the module. All ИО lines are TTL. buffered. 


The GPIO & Timer Module VO can be assigned either to one 
of two 65K byte memory banks or common to both banks. Eight 
switches allow I/O addresses to be set to any page (256 bytes). 
Eight switches (two per VO port) manually set the VO trans- 
ceiver data direction or allow software control using the asso- 
ciated port control lines. Twelve jumpers specify the direction 
of the control lines. 


RM65-5222E 
RM 65 GENERAL PURPOSE INPUT/OUTPUT 
(GPIO) & TIMER MODULE 


RM65-5222E 
RM 65 Microcomputer Family 


ORDERING INFORMATION 


Part No. Description 
RM65-5222E 


General Purpose Input/Output (GPIO) and 
Timer Module 


Order No. Description 
801 General Purpose Input/Output (GPIO) and 
Timer Module User's Manual (included with 
RM65-5222E) 
FEATURES 


e Compact size—about 4" x 674” (100 mm x 160 mm) 

e Pin and socket bus connector 

e RM 65 Bus compatible 

e Fully buffered address, data and control bus interface lines 
e Fully buffered data and control I/O lines 

e Four 8-bit parallel bidirectional data ports 

e Four 2-bit control ports 

e Four programmable 16-bit counter/timers 

. 


Two 8-bit shift registers for synchronous serial communi- 
cations 


e Manually or software-controlled data line direction 
e Jumper-selectable control line direction 


Bank select switches assign /О addresses to one or two 65K 
banks 


УО base address switch selectable to a page boundary 
Four ИО connectors 

+5V operation 

Fully assembled, tested and warranted 
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RM65-5222E General Purpose Input/Output (GPIO) & Timer Module 


Document No. RMA65N12 


Data Sheet Order No. RM12 
Rev. 2, June 1983 


RM65-5222E 


GPIO & Timer Module 


FUNCTIONAL DESCRIPTION 


The heart of the GPIO & Timer module is two R6522 Versatile 
Interface Adapter (VIA) devices. Each VIA provides two 8-bit 
bidirectional input/output ports, four I/O control lines, two fully 
programmable 16-bit timer/counters and an 8-bit shift register 
for serial interface. There is aiso control of interrupt generation 
from independent ИО conditions. 


The two 8-bit input/output peripheral ports are fully bidirectional. 
Date direction registers allow each peripheral pin to indepen- 
dently act as either an input or an output. The four control lines 
can also be used for ИО ог can provide handshaking for the 
associated data ports. Each control input can be programmed 
to interrupt the microprocessor on detection of a rising or falling 
edge. 


The two 16-bit counter/timers are capable of many complex 
timing and counting functions. One timer provides four modes 
of operation: free running, with pulsed or toggled output, one- 
Shot interval timer with a low-level output on a peripheral port 
line, or one-shot interval timer with a toggle output on a periph- 
eral port line. The three modes of the second 16-bit timer pro- 
vide a one-shot interval timer, a count of external pulses, or a 
clock for serial shift register. The shift register can shift in, or 
shift out, data at the system clock rate, the timer clock rate, or 
an external clock rate. Both timers and the shift register can be 
programmed to interrupt the microprocessor upon time-out or 
shift completion. 


The Data Transceivers invert and buffer 8-bits of paralle! data 
between the RM 65 Bus and the two R6522 VIA devices. The 
Data Transceivers are enabled when a valid address is present 
at the Base Address Decoders. During a read operation, data 
is transferred from the addressed R6522 to the RM 65 Bus. 
During a write operation, data is transferred from the RM 65 
Bus to the addressed R6522. 


The Address Buffers invert the five least significant address bits 
used to select the R6522 devices and registers. 


The Bank Control circuit detects when the GPIO & Timer 
Module's assigned memory bank is addressed by comparing 
the bank address signal from the RM 65 Bus to the Bank Select 
Enable and Bank Select switches. The Bank Select Enable 
Switch allows the module to be assigned common to either both 
banks, or to Bank 0 (lower 65K) or Bank 1 (upper 65K) depending 
on the Bank Select switch. 


The Control Buffers drive read/write, phase 2 clock, and reset 
signals from the RM 65 Bus to the GPIO & Timer Module. The 
interrupt request and bus active signals are driven from the 
GPIO & Timer Module. 


The Base Address Decoders use the eight most significant 
address lines to assign the 32 ИО addresses to a page (256 
bytes) boundary. When an address is within range of the Base 
Address switches and the Bank Control is enabled, a chip select 
is generated to one of the R6522 devices. 


Twelve Control Direction Jumpers allow the three bidirectional 
control lines (CA1, CB1, and CB2) on each R6522 to be con- 
figured for either input or output mode. 


Four /О Direction Switches provide direction control to each of 
the Port ИО transceivers. Four Programmed/Manual Select 
Switches allow the direction control to be established from the 
Direction Control switches in the Manual mode or from a R6522 
control line in the Programmed mode. 


The ИО Transceivers buffer each of four 8-bit ИО ports. The 
direction is determined by the Direction Control logic. There are 
also eight buffers provided for the control lines (2 per VO port), 
Six of which can be configured for input or output as determined 
by the Handshake Direction Buffers. 


All ИО data and control signals are brought out to four connec- 
tors that will each accept a 20-pin mass terminated ribbon cable 
(cable and mass terminated connectors are not supplied with 
the GPIO & Timer Module). Each connector is dedicated to one 
port with 8 data, 2 control and 10 ground lines. 
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GPIO & Timer Module Block Diagram 
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RM65-5222E 


RM 65 Bus Pin Assignments 


GPIO & Timer Module 


Bottom (Solder Side) Top (Component Side) 
Signal Signal 
Pin Mnemonic Signal Name Mnemonic Signal Name 
1a GND Ground *5 Vdc 
2a BADR/ Buffered Bank Address ВА15/ Buffered Address Bit 15 
За амр Ground 3c BA14/ Buffered Address Bit 14 
4a BA13/ Buffered Address Bit 13 4c ВА12/ Buffered Address Bit 12 
5a ВА11/ Buffered Address Bit 11 5c GND Ground 
6a BA10/ Buffered Address Bit 10 6c BA9/ Buffered Address Bit 9 
7a ВА8/ Buffered Address Bit 8 7c ВА7/ *Buffered Address Bit 7 
8a GND Ground 8c ВАб/ “Buffered Address Bit 6 
9a ВА5/ “Buffered Address Bit 5 9c BAY Buffered Address Bit 4 
10a BAY Buffered Address Bit З 10c GND Ground 
11а ВА2/ Buffered Address Bit 2 11с ВА1/ Buffered Address Bit 1 
12a ВАО/ Buffered Address Bit 0 12c вд *Buffered Phase 1 Clock 
13a GND Ground 13c BSYNC “Buffered Sync 
14a BSO "Buffered Set Overflow 14c BDRO1/ *Buffered DMA Request 1 
15a BRDY “Buffered Ready 15с GND Ground 
16a “User Spare 1 16c ~12V/-V *—12 Vdc/-V 
17a +12V/+V *+12 Vde/+V 17c *User Spare 2 
18a GND Ground Line 18c BFLT/ *Buffered Bus Float 
19a BDMT/ *Buffered DMA. Terminate 19c Bøo * Buffered External Phase 0 Clock 
20a _ "Џвег Зраге 3 20с GND Ground 
21а BR/W/ Buffered Read/Write *Not" 21с BDRQ2/ *Buffered DMA Request 2 
22a *System Spare 22c ВАЛУ *Buffered Read/Write 
23a GND Ground 23с ВАСТ/ Buffered Bus Active 
24a BIRQ/ Buffered Interrupt Request 24c BNMI/ “Buffered Non-Maskable Interrupt 
25a Bó2/ *Buffered Phase 2 "Not" Clock 25c GND Ground 
26a Bg2 Buffered Phase 2 Clock 26c BRES/ Buffered Reset 
27a BD7/ Buffered Data Bit 7 27c BD6/ Buffered Data Bit 6 
28a GND Ground 28c BD5/ Buffered Data Bit 5 
29a BD4/ Buffered Data Bit 4 29c BD3/ Buffered Data Bit 3 
30a BD2/ Buffered Data Bit 2 30c GND Ground 
31a BD1/ Buffered Data Bit 1 31c BDO/ Buffered Data Bit 0 
| Зга +5V +5 Vde 32c GND Ground 
Note: 
"Мог used on this module. 
— — 
ИО Connector Pin Assignments 
Pin Signal 
1 Port 1A Data 0 
3 Port 1A Data 1 
5 Port 1A Data 2 
7 Port 1A Data 3 
9 Port 1A Data 4 
11 Port 1A Data 5 
13 Port 1A Data 6 
15 Port 1A Data 7 
17 Port 1A Control CA1 
19 Port 1A Control CA2 
Notes: 
1. Similar for ports 1B, 2A and 2B 


2. Even Pins 2-20 are ground 
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ВМ65-5222Е СРЮ & Timer Module 
SPECIFICATIONS 


Parameter 


Dimensions (1, 2, 3) 
Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 
Height 0.56 іп. (14 тт) 


5.0 oz. (140 g) 


Environment 


Operating Temperature 0°C to 70°C 


Storage Temperature —40°С to +85°C 
Relative Humidity 0% to 85% (without condensation) 


Power Requirements +5 Vde +5% 0.52 A (2.6 W)—Maximum 
+5 Мас +5% 0.94 A (4.70 W)—Maximum 


Interface 
RM 65 Bus Interface 64-pin plug (0.100 in. centers) per DIN 41612 (Row b not instalied) 


VO Interface 
VO Connectors (4) 20-pin vertical mass termination plug (0.3 in. pins on 0.100 іп. centers) 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 

3. Dimensions conform to DIN 41612. 
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RM65-5222E Module Dimensions 
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АМ65-5223Е 


RM 65 Microcomputer Family 


RM65-5223E 
RM 65 MULTI-FUNCTION 
PERIPHERAL INTERFACE MODULE 


RM 65 MICROCOMPUTER MODULES 


The RM65-5223E Multi-Function Interface (MPI) Module is one 
of the hardware options available for the RM 65 Microcomputer 
Module family. 


RM 65 Microcomputer Modules products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size; modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for a broad 
variety of portable or desk-top microcomputer applications. 


PRODUCT OVERVIEW 


The RM65-5223E RM 65 Multi-function Interface (МР1) Module 
provides a parallel ИО interface to the RM 65 Bus. Two R6522 
Versatile Interface Adapter (VIA) devices provide four 8-bit 
bidirectional data ports and four 2-bit control ports; 40 VO lines 
in all. Two multi-mode 16-bit timer/counters extend the versa- 
tility of the module. All ИО lines are TTL buffered and available 
on two 40 pin VO connectors compatible with the AIM 65/40 
SBC and RM 65 SBC Parallel Application connectors. Data 
buffer direction is under direct software control. Twelve jumpers 


specify the direction of the control lines, while an additional 6 


jumpers control the optional features. 


The МР! Module ГО can be assigned either to one of two 65K 


byte memory banks or common to both banks. Eight switches 
allow /О addresses to be set to any page (256 bytes). 


RM65-5223E Multi-function Peripheral 
Interface (MPI) Module 


Document No. RMA65N24 


FEATURES 


Compact віге--абош 4" x 64” (100 mm х 160 mm) 
Pin and socket bus connection 

RM 65 Bus compatible 

Two R6522 Versatile Interface Adapter (VIA) devices 
Four fully buffered 8-bit parallel data ports 

Four fully buffered 2-bit control ports 

Four programmable 16-bit counter/timers 

Two serial input/output ports 

Multiple interrupt conditions 

Full buffering on all УО data and control lines 
Software-controlled data line direction 
Jumper-selectable control line direction 

Data port buffering can be removed 

All VO lines are available on two 40-pin ИО connectors 


О connectors are compatible with both “һе AIM 65/40 and 
RM 65 SBC module parallel /О connectors and AIM 65/40 
intelligent peripherals 


e One connector is fully compatible with the AIM 65/40 stan- 
dard or extended keyboard 


Bank switches assign I/O addresses to one or two 65K banks 
УО base address switch selectable to a page boundary 
+5V operation 

Fully assembled, tested and warranted 


ORDERING INFORMATION 


Part No. Description 

RM65-5223E | Multi-function Peripheral Interface (МР!) 
Module 

Order No. Description 

817 Multi-function Peripheral Interface Модије 
(МР1) Module Users Manual (included with 
RM65-5223E) 


Data Sheet Order No. RM24 
Rev. 1, June 1983 


RM65-5223E 


FUNCTIONAL DESCRIPTION 


The heart of the МР! module is two R6522 Versatile Interface 
Adapter (VIA) devices. Each VIA provides two 8-bit bidirectional 
input/output ports, four VO control lines, two fully programmable 
16-bit timer/counters and an 8-bit shift register for serial inter- 
face. There is also control of interrupt generation from indepen- 
dent /О conditions. 


The two 8-bit input/output peripheral ports are fully bidirectional. 
Data direction registers allow each peripheral pin to indepen- 
dently act as either an input or an output. The four control lines 
can also be used for /O or can provide handshaking for the 
associated data ports. Each control input can be programmed 
to interrupt the microprocessor on detection of a rising or falling 
edge. 


The two 16-bit counter/timers are capable of many complex 
timing and counting functions. One timer provides four modes 
of operation: free running, with pulsed or toggled output, one- 
shot interval timer with a low-level output on a peripheral port 
line, or one-shot interval timer with а toggle output on a periph- 
eral port line. The three modes of the second 16-bit timer pro- 
vide à one-shot interval timer, a count of external pulses, or a 
clock for serial shift register. The shift register can shift in, or 
shift out data at the system clock rate, the timer clock rate, or 
ап external clock rate. Both timers and the shift register can be 
programmed to interrupt the microprocessor upon time-out or 
shift completion. 


Four Port Transceivers buffer the VIA data lines for input or 
output modes. The /O Data Direction Control logic allows the 
direction of each 8-bit port to be independently set for input or 
output mode under software controls. In the buffered output 
mode, the Port Transceivers are capable of sinking 16 mA on 
any data line. For applications where buffering is not desired, 
any of the Port Transceivers can be replaced with DIP shunts 
for direct connection to the VIA peripheral data pins. 


The /О Control Signal Buffers fully buffer all eight VIA Control 
lines. On each VIA, one contro! line (CA1) has only an input 
mode which is buffered as such. Twelve /О Control Direction 
Jumpers allow the three bidirectional control lines (CA2, CB1, 
and CB2) on each R6522 to be configured for either input or 
output mode. 


A number of options available on VIA No. 1 make it particularly 
well-suited for keyboard applications. The A port of VIA No. 1 
is supplemented with Line Low Detection circuitry which gen- 
erates an interrupt through control line СА1 when any line goes 
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Multi-function Peripheral Interface (MPI) Module 


low; a reset switch on control line CB2 is passed off the board 
from the RESET connector to be used by reset conditioning 
circuitry on an RM 65 SBC module, AIM 65 micocomputer or 
АМ 65/40 SBC module; an attention switch on control line CB1 
is debounced by the Attention Interrupt Conditioning circuitry to 
generate а non-maskable interrupt when enabled by the Atten- 
tion Interrupt jumper. 


Two 40-ріп Parallel /О connectors support ай the R6522 VIA 
signals as well as the Attention and Reset switch options. These 
connectors can be configured to match the RM 65 or AIM 
65/40 SBC module Parallel Application connectors, while also 
being compatible with AIM 65/40 peripherals—keyboard, dis- 
play or printer. The ИО Power Source jumpers allow +5V to be 
supplied to the interfacing equipment through the Parallel VO 
Connector. 


The Data Transceivers invert and buffer 8-bits of parallel data 
between the RM 65 Bus and the two R6522 VIA devices or the 
VO Direction Control logic. The Data Transceivers are enabled 
when a valid address is present at the Base Address Decoders. 
During a read operation, data is transferred from the addressed 
ИО to the RM 65 Bus. During a write operation, data is trans- 
ferred from the RM 65 Bus to the addressed ИО. 


The Address Buffers invert the six least significant address bits 
used to select the R6522 devices and registers and also the 
VO Direction Control Logic. 


The Control Buffers drive read/write, phase 2 clock, and reset 
signals from the RM 65 Bus to the МР! module. The interrupt 
request and bus active signals are driven from the МР! module. 


The Bank Select Control circuit detects when the МР! module's 
assigned memory bank is addressed by comparing the bank 
address signal from the RM 65 Bus to the Bank Select Enable 
and Bank Select switches. The Bank Select Enable switch 
allows the module to be assigned either common to both banks, 
or to Bank O (lower 65K) or Bank 1 (upper 65K) depending on 
the Bank Select switch. 


The Base Address Decoders use the eight most significant 
address lines to assign the МР! module to a page (256 bytes) 
boundary. When an address is within range of the Base Address 
Switches and the Bank Control is enabled, a chip select is gen- 
erated to one of the R6522 devices or the /О Direction Control 
logic is selected. 


RM65-5223E 


Multi-function Peripheral Interface (MPI) Module 
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RM65-5223E Multi-function Peripheral Interface (MPI) Module 


RM 65 Bus Pin Assignments 


Bottom (Solder Side) Top (Component Side) 
Signai Signal 
Pin Mnemonic Signai Name Pin Mnemonic Signal Name 
ла GND Ground 1c +5V +5 Мас 
2а BADR/ Buffered Bank Address 2c ВА15/ Buffered Address Bit 15 
3a GND Ground 3c BA14/ Buffered Address Bit 14 
4a BA13/ Buffered Address Bit 13 4c BA12/ Buffered Address Bit 12 
5a BA11/ Buffered Address Bit 11 5c GND Ground 
6a BA10/ Buffered Address Bit 10 6c BA9/ Buffered Address Bit 9 
7a BAB/ Buffered Address Bit 8 7с ВА7/ *Buffered Address Bit 7 
8a GND Ground 8c BA6/ "Buffered Address Bit 6 
9a ВА5/ Вићегед Address Bit 5 9c ВА4/ Buffered Address ВИ 4 
10a BAY Buffered Address Bit 3 10c GND Ground 
1ta BA2/ Buffered Address Bit 2 11с ВА1/ Buffered Address Bit 1 
12a ВАО/ Buffered Address Bit 0 12c Вӣ1 *Buffered Phase 1 Clock 
13a GND Ground 13с BSYNC *Buffered Sync 
14a 850 “Buffered Set Overflow 14c BDRQ1/ "Buffered DMA Request t 
15a BRDY *Buffered Ready 15c GND Ground 
16a *User Spare 1 16c -12У/-У 5-12 удс/-У 
17а +12V/+V *+12 Vdc/+V 17c *User Spare 2 
18a GND Ground Line 18c BFLT/ “Buffered Bus Float 
19a BDMT/ * Buffered DMA Terminate 19с Вӣо "Вибегеа External Phase 0 Clock 
20a *User Spare 3 20с амр Ground 
21а BR/WI Buffered Read/Write "Not" 21с BDRQ2/ “Buffered DMA Request 2 
22a *System Spare 22c BR/W *Buffered Read/Write 
23a GND Ground 23c BACT/ Buffered Bus Active 
24a BIRQ/ Buffered Interrupt Request 242 BNMi/ Buffered Non-Maskable Interrupt 
25a Bj2/ Buffered Phase 2 "Not" Clock 25c GND Ground 
26a В 2 “Buffered Phase 2 Clock 26с BRES/ Buffered Reset 
27a BD7/ Buffered Data Bit 7 27с BD6/ Buffered Data Bit 6 
28a GND Ground 28c BD5/ Buffered Data Bit 5 
29a BD4/ Buffered Data Bit 4 29c BDY Buffered Data Bit 3 
30a BD2/ Buttered Data Bit 2 30c GND Ground 
31a BD1/ Buffered Data Bit 1 31c BDO/ Buffered Data Bit 0 
32a +5V +5 Vde 32c GND Ground 
Note: 


*Not used on this module. 


Connector J1 and J2 (Parallel I/O Connector) Pin Assignments 


Pin Signal 10 Type Pin Signai Type zi 
1 CB2/RES Џој NMOS 2 GND/ -5V* Power 
3 CB1/ATTN Де, NMOS 4 GND Power 
5 PB7 Vo NMOS 6 GND Power 
7 PB6 yo NMOS 8 GND Power 
9 PB5 Vo NMOS 10 GND Power 

11 PB4 VD NMOS 12 GND Power 
13 PB3 VD NMDS 14 GND Power 
15 PB2 vO NMDS 16 GND Power 
17 РВ1 үр NMOS 18 GND Power 
19 PBO Де] NMDS 20 GND Power 
21 РА7 еј NMOS 22 GND Power 
23 РАб vO NMOS 24 GND Power 
25 PAS Џој NMOS 26 GND Power 
27 РА4 Џој NMOS 28 GND Power 
29 РАЗ ЏО NMOS 30 GND Power 
31 PA2 Џој NMOS 32 GND Power 
33 РА1 Де) NMOS 34 GND Power 
35 PAO Џој NMOS 36 GND Power 
37 CA2 Џој NMDS 38 GND Power 
39 СА1 І NMOS 40 GND/+5V* Power 
Notes: 


1. Pins 2 and 40 can be optionally jumpered to +5V (maximum current through each pin should not exceed 200 mA). 
2. Pin 1 of J1 can be optionally jumpered to RESET connector or to CB2. 
3. Pin З of J1 can be optionally jumpered to the Attention Interrupt Conditioning circuit or to CB1. 


9-61 


RM65-5223E Multi-function Peripheral Interface (МР!) Module 


SPECIFICATIONS 


Parameter Value 


Dimensions (1, 2, 3) | 7 : ] 


Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 
Height 0.56 in. (14 mm) 
Weight 5.1 oz. (145 g) 
Environment 
Operating Temperature 0°C to 70°C 
Storage Temperature -40°C to +85°С 
Relative Humidity 0% to 85% (without condensation) 
Power Requirements +5 Мас +5% 0.65 A (3.25 W)—Typical 
+5 Vde +5% 1.03 А (5.15 W)—Maximum 
interfaces 
RM 65 Bus Interface 64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 
УО Interface 
Parallel ИО Connectors (2) 40-pin ЗМ 43495-1002, or equivalent, receptacle. Mates with ЗМ #3418-0000Т, 
or equivalent, ribbon cable connector 
Reset Connector 2 vertical pins (0.3 in. high) on 0.200 in. center 


=. = 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 іп. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 

3. Dimensions conform to DIN 41612. 
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6% 


Rockwell 


RM 65 MICROCOMPUTER MODULES 


The RM65-5302E Analog Input Module and the RM65-5303E 
Analog Input/Output Module are hardware options available for 
the RM 65 Microcomputer Module family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user’s system. 


RM 65 modules use a motherboard interconnect concept in 
which any card can be inserted in any slot. The 64-line RM 65 
Bus offers memory addressing up to 128K bytes, provides high 
immunity to electrical noise and includes growth provisions for 
user functions. A selection of card cages allows packaging flex- 
ibility. RM 65 products can also be used with Rockwell AIM 
65 and AIM 65/40 Microcomputers for product development 
and for a broad variety of portable or desktop microcomputer 
applications. 


PRODUCT OVERVIEW 


The RM65-5303E Analog Input/Output module provides either 
16 single-ended or 8 differential analog input channels with 
12-bit analog-to-digital conversion and two independent analog 
output channels with 12-bit digital-to-analog conversion. This 
single module can satisfy a wide range of applications requiring 
both monitoring and control of interfacing analog devices. For 
applications requiring only the monitoring of sensors, the RM65- 
5302Е Analog Input module provides the same input capability 
as the RM65-5303E module but does not have analog output 
provision. 


The analog input section is easily jumper configured to accept 
inputs in one of five voltage ranges in either single-ended or 
differential input connection (depending upon the position of a 
plug-in header). Automatic input conversion start upon reading 
of input data simplifies software processing. Each of the two 
independent analog output channels initiates output conversion 
automatically upon the receipt of output data thus similarly 
reducing software steps. Each output channel can also be sep- 
arately configured to operate in one of five output ranges with 
internal reference or in one of six output gain ranges with 
external reference. 


ORDERING INFORMATION 


RM65-5302E 
RM65-5303E 


Order No. 


Description 


Analog Input Module 
Analog Input/Output Module 


Description 


Analog Input/Output Module User's Manual 
(included with RM65-5302E and RM65-5303E) 


Document No. RMA65N27 
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RM65-5302E AND RM 65-5303E 
RM 65 ANALOG INPUT 
AND ANALOG INPUT/OUTPUT MODULES 


FEATURES 


e Compact size—about 100 mm x 160 mm (4" x 614") 

RM 65 Bus compatible 

16 Single-ended or 8 differential analog input channels 

— 12-bit analog-to-digital converter (ADC) 

— Software control of input channel 

— Input over-voltage protected to +15V 

— при impedance of 100 megohms minimum 

—Five analog input voltage ranges 

— 70 db of common-mode rejection with differential inputs 

— Sample and hold isolation of analog input during conver- 
sion time 

— Software selectable data length conversion (8 or 12 bits) 

— Automatic conversion start upon reading the most signifi- 
cant byte 

—Maskable interrupt generation upon conversion completion 

Two independent analog output channels each with: 

— 12-54 digital-to-analog converter (DAC) 

— Five analog output voltage ranges with internal reference 

--біх analog output gain ranges with external reference 

—Settling time of 6 microseconds 

— Double-buffered DAC data registers 

—Automatic conversion start upon writing the least signifi- 
cant byte 

Trim potentiometers for zero-offset and full-scale reference 

adjustments 

All analog ГО signals are available on а 40-pin connector 

compatible with mass-terminated twisted-pair cables 

e Fully assembled and tested with a one-year warranty 


RM65-5303E Analog Input/Output Module 


Data Sheet Order No. RM27 
Rev. 1, June 1983 
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FUNCTIONAL DESCRIPTION 


RM 65 BUS INTERFACE 


The Base Address Comparator compares the address lines to 
Base Address switches S1-1 through 51-8 to determine if the 
address is within the 256-byte (1 page) block of memory selected 
by the switches. When the address lines match the switch 
positions, the module is enabled. 


Bank Select logic exclusively NORs the Bank Address line with 
the Bank Select switch position (31-9) then routes the output 
through the Bank Select Enable switch (S1-10) to select the 
bank (0, 1 or both) that the module responds to when addressed. 
This bank enable signal is then routed to the Command Decoder. 


Control Line Buffers invert and drive the read/write, reset, phase 
2 and address line 0 onto the module for use by other on-board 
circuitry. The Interrupt Request from the ADC conversion logic 
and the Bus Active from the Address Decoder logic are driven 
onto the RM 65 Bus. 


Data Transceivers invert and transfer eight parallel data lines 
between the module and the RM 65 data bus. The transceivers 
are enabled by the Address Decoder logic when the module is 
addressed in the selected page and bank. The direction of data 
transfer is controlled by R/W. When the transceivers are ena- 
bled during a write operation, data is transferred from the RM 
65 data bus for use by the ADC MUX Channel Select, the ADC 
Control Register, or the two DACs. When the transceivers are 
enabled during a read operation, data is transferred to the RM 
65 data bus from the ADC, the ADC MUX Channel Monitor, or 
the ADC Status Register. 


COMMAND DECODER 


Command Decoder logic is enabled when the address is within 
the page selected by the base address switches, and the bank 
address matches the selected bank. When enabled, bus address 
lines BA1/ and ВА2/ as well as R/W from the Control Line 
Buffers are decoded and combined with other logic into the fol- 
lowing major contro! lines, which enable the Data Transceivers, 
drive Bus Active, and contro! the other major module functions. 


ANALOG INPUT 


Analog input signals are routed from the J1 VO Connector to 
the multiplexer (MUX) which consists of two 8-to-1 MUX devices. 
For single-ended inputs, the 16 individual signals are routed to 
one of the two MUX devices; eight channels (CHO-CH7) to MUX 
2 and eight channels (CH8-CH15) to MUX 1. The signal return 
is connected to ground through the corresponding channel retum 
at Connector J1. For differential inputs, eight channels are con- 
nected to both МИХ devices; eight (CHO-- through СН7+) to 
MUX 2 and the accompanying eight (CHO— through CH7 –) to 
MUX 1. 


The ADC MUX Channel Select logic latches the upper four RM 
65 data bus lines. When a Write ADC MUX Channel command 
is decoded by the Command Decoder, the encoded channel 
number (0 to 7) is output to the MUX devices. Latched.data lines 
are routed to each MUX device to select one of eight channels. 
The high and low latched D7 and D7 lines are routed through 


Analog Input and Input/Output Modules 


the Analog Input Header to enable either MUX 1 or MUX 2. For 
single-ended inputs, MUX 2 is enabled when channel 0-7 is 
selected while MUX 1 is enabled when Charinel 8-15 is selected. 
For differential inputs, both MUX devices are enabled when 
channel 0-7 is selected. The ADC MUX Channel Monitor copies 
the latched MUX channel select lines onto data bus lines when 
a Read ADC MUX Channel Monitor command is decoded by 
the Command Decoder. 


The selected MUX output is routed through the Analog Input 
Header to the INST AMP. The plug-in shunt type header con- 
tains alternating open and closed circuits and is provided with 
the module to allow easy selection of either single-ended or 
differential inputs by merely reversing the orientation of the 
header in the socket. When single-ended inputs are selected, 
the high signal from the selected MUX device is routed to the 
INST AMP “+” input while GND is routed to the INST AMP “—” 
input. When a differential input is selected, the signal from MUX 
2 is connected to the INST AMP “+” input while the signal from 
MUX 1 is routed to the INST AMP “—” гри. One pin of the 
Analog Input Header socket is routed to ADC Status Register 
to indicate the installed position of the heacler to the processor. 


The INST АМР provides a precision gain to the differential 
voltage between its “+” and "—" input terminals. The ADC 
Amplifier Gain jumper allows a gain of either 1 or 2 to be 
selected. Two potentiometers allow the zero offset and gain to 
be adjusted. 


The S/H amplifier and associated hold capacitor samples the 
output from the INST AMP and holds its output steady while the 
interfacing ADC device converts the analog signal to the digital 
equivalent. 


A/D CONVERSION AND ADC READ LOGIC 


The ADC and associated A/D conversion/read logic controls the 
converting of the. analog input signal to digital format and the 
transferring of the digital data onto the data bus. 


CONVERT A/D CYCLE 


The convert A/D cycle controls the sampling and holding of the 
analog input signal and its conversion to digital format. The con- 
vert cycle is initiated in response to a Read ADC MSB command. 


The ADC device uses a 12-bit successive approximation tech- 
nique to convert the analog input voltage іс а 12- or 8-bit digital 
format then stores the digital data in an internal data storage 
register (for subsequent output to data lines 00-07 in response 
to read ADC commands). The Input Type jumper selects either 
unipolar or bipolar operation. The ADC Range jumper routes 
the input signal from the S/H to either the 10У or 20V input pin 
on the ADC. 


When the conversion is complete, the ADC Data Ready bit 
(ADCRDY) is set in the ADC Status Register. This indicates that 
the conversion is complete and that ADC data may be read from 
the ADC. ADCFIDY also generates the Interrupt Request if the 
interrupt Enable (IRQEN) is set in the ADC Control Register. 


READ ADC CYCLE 


The converted analog input signal is output to the АМ 65 data 
bus through Data Transceivers in response to one of two read 
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ADC commands decoded by the Command Decoder. One com- 
mand, Read ADC LSB, transfers the least significant byte con- 
sisting of the four least significant bits and four Zeros onto the 
RM 65 data bus. One other command, Read ADC MSB, trans- 
fers the most significant byte consisting of the eight most sig- 
nificant bits onto the RM 65 data bus. The least significant byte 
is always read first since reading the most significant byte 
restarts the conversion cycle. 


ADC STATUS AND CONTROL REGISTER 


The ADC Status Register, when enabled by the decoded Read 
ADC Status Register command, drives the status of four signals 
onto the data bus. 


Signal Name Description 


HDRPOS Analog Input Header Position 
IRQENS Interrupt Request Enable Status 
ADCRDY ADC Data Ready 

IRQ- Interrupt Request Flag Status 


HDRPOS reflects the installed position of the Analog Input 
Header. IRQENS copies the Interrupt Request Enable Com- 
mand output from the ADC Control Register. ADCRDY indicates 
the ADC conversion status from the ADC. The IRQ- Interrupt 
Request Flag indicates if an interrupt request has been issued 
to the RM 65 Bus. 


The ADC Control Register, when enabled by the decoded Write 
ADC Control Register command, latches the lower four bits of 
the data bus lines to drive two ADC contro! signals. 


Signal Name Description 
IRQENC Interrupt Request Enable Command 
12/8 Conversion Length 


Analog Input and Input/Output Modules 


IRQEN is the status of the interrupt enable command to the ADC 
Status Register. 12/8 is the A/D conversion length command to 
the ADC device. 


ANALOG OUTPUT 


Analog output signals originate as digital data (two bytes) on 
the RM 65 Bus. These data bytes are input through the Data 
Transceivers into DAC 1 and DAC 2 in response to commands 
decoded by the Command Decoder and other logic to distin- 
guish the individual data bytes. These commands enable the 
respective DACs and initiate the data conversion upon writing 
of the least significant data byte. Two addresses associated with 
each DAC transfer the 12-bit digital data in separate 8-bit bytes. 


The reference voltage to each DAC may be either an internal 
precision reference originating from the ADC or an external 
input voltage of +11V. Separate buffers amplify the internal ref- 
erence voltage and the external reference voltage. Either the 
internal or external reference voltage source is selected by a 
Reference Source јитрег on each channel. 


The selected reference voltage is amplified using a gain selected 
by the DAC Reference Amplifier Gain jumper position. The DAC 
gain adjust potentiometer trims the amplifier gain. 


Each DAC provides an output current directly proportional to the 
product of the reference voltage and the digital input word. A 
second output current is similarly proportional to the comple- 
ment of the digita! input value. 


An OP AMP converts the output current to a unipolar voltage 
and a second OP AMP converts the voltage to bipolar levels if 
jumper selected. One jumper selects the output gain while 
another jumper determines the output polarity. A potentiometer 
trims the output gain. 
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Analog Input and Input/Out 


VO Connector Pin Assignments 


put Modules 


Pin | Signal yo L Pin Signal B 
1 ADC CHO (CHO+) | 2 ADC CHO GND 
3 ADC CH1 (CH1+) І 4 ADC CH1 GND 
5 ADC CH2 (CH2+) І 6 ADC СН2 GND 
7 ADC СНЗ (CH3+) | 8 ADC СНЗ GND 
9 ADC CH4 (CH4+) | 10 ADC CH4 GND 

11 ADC CH5 (CH5+) | 12 ADC СН5 GND 

13 ADC CH6 (CH6+) 1 14 ADC CH6 GND 
15 ADC СН? (СН7+) | 16 ADC CH7 GND 

17 ADC CH8 (CH0-) | 18 ADC CH8 GND 

19 ADC CH9 (СН1-) | 20 ADC CH9 GND 

21 ADC СН10 (СН2-) І 22 ADC CH10 GND 

23 ADC СН11 (СНЗ-) І 24 ADC СН11 GND 

25 ADC CH12 (СН4-) І 26 ADC CH12 GND 

27 ADC CH13 (CH5—) 1 28 ADC CH13 GND 

29 ADC СН14 (СН6-) | 30 ADC CH14 GND 

31 ADC C15 (CH7-) | 32 ADC СН15 GND 

33 DAC 2 OUT о 34 DAC 2 GND 

35 DAC 1 OUT о 36 DAC 1 GND 

37 ' External Reference | 38 External Reference GND 

39 ју. GND — 40 GND 


Notes: 


1. Signal name in parentheses applies to differential input connection. 


2. Pins 39 and 40 are connected internally to DAC 2 GND. 


RM 65 Bus Pin Assignments 


Bottom (Solder Side) 


1 


Тор (Component Side) 


Signal | Signal 

Pin Mnemonic | Signal Мате Pin Mnemonic Signal Name 
la GND Ground | 1c 45V +5 Мас | 
2а BADR/ Buffered Bank Address 2c ВА15/ Buffered Address ВИ 15 
За GND Ground 3c BA14/ Buffered Address Bit 14 
4a BA13/ Buffered Address Bit 13 4c BA12/ Buffered Address Bit 12 
5a ВА11/ Buffered Address ВИ 11 5c GND Ground 
6a BA10/ Buffered Address Bit 10 6c BAS Buffered Address Bit 9 
та ВА8/ Buffered Address ВИ 8 7с ВА7/ “Buffered Address Bit 7 
8a GND Ground 8c BA6/ *Buffered Address Bit 6 
9a ВА5/ *Buffered Address ВИ 5 9c BA4/ *Buffered Address Bit 4 

10a ВАЗ/ *Butfered Address Bit З 10c GND Ground 

11a BA2/ Buffered Address Bit 2 11c BA1/ “Buffered Address Bit 1 

12a ВАСО Buffered Address Bit 0 12c Bgi *Butfered Phase 1 Clock 

13a GND Ground 13c BSYNC *Buffered Sync 

14a BSO *Buffered Set Overflow 14c BDRQ1/ *Buffered DMA Fequest 1 

15a BRDY Buffered Ready 15c GND Ground 

16a *User Spare 1 16c -12V/-V -15 Мас 

17a +12V/+V +15 Мас 17c *User Spare 2 

18a GND Ground Line 18c BFLT/ *Buffered Bus Float 

19a BDMT/ *Buftered DMA Terminate 19c Bgo *Buffered External Phase 0 Clock 

20a “User Spare 3 20c GND Ground 

21а BR/W/ Винегед Read/Write "Not" 21c BDRQ2/ *Buffered DMA Request 2 

22a *System Spare 22с BR/W *Buffered Read/Write 

23a GND Ground 23c BACT/ Buffered Bus Active 

24a BIRQ/ Buffered Interrupt Request 242 BNM *Buffered Non-Maskable Interrupt 

25a Вӣ2/ Buffered Phase 2 “Not”: Clock 25¢ GND Ground 

26a Bg2 Buffered Phase 2 Clock 26с BRES/ Buffered Reset 

27a BD7/ Buffered Data Bit 7 27с BD6/ Buffered Data Bit 6 

28a GND Ground 28c BD5/ Buffered Data Bit 5 

29a BD4/ Buftered Data Bit 4 29c BD3/ Buffered Data Bit 3 

30a BD2/ Buffered Data Bit 2 30c GND Ground 

31a BD1/ Buffered Data Bit 1 31c BDO/ Buffered Data Bit 0 

32a +5V +5 Vde 3 32c GND 


Ground 


Note: 
*Not used on this module. 


9-66 


RM65-5302E • RM65-5303E Analog Input and Input/Output Modules 


Analog Input/Output Module Conversion Characteristics 


Characteristic 


Analog Inputs 
Number of Inputs (Header Selectable) 
Single-Ended 
Differential 
Input Voltage Ranges (Jumper Selectable) 
Unipolar 
Bipolar 
Input (Bias) Current 
Input Impedance 
ON Channel 
OFF Channel 
input Overvoltage 
Input Overvoltage Current 
Common Mode Rejection 
(Differentia!) (DC-60 Hz with 1K ohm source unbalance) 
Resolution 
Accurancy 
Gain error 
Unipolar offset 
Bipolar offset 
Linearity error 
Temperature Coefficients 
Gain 
Offset 
Differential Linearity (no missing codes over temperature range) 
Signal Dynamics 
Conversion Time (from read of most significant byte) 
12-Bit 


8-Bit 


Small-signal Bandwidth, 1% flatness 
Ful! Peak Response 


Analog Outputs 
Number of Outputs 


With Internal Reference Voltage 
Output Voltage Ranges (Jumper Selectable) 
Unipolar 
Bipolar 
With External Reference Voltage (МЕР) 
Input Impedance 
Reference Voltage Range 
Output Voltage Gain Range (Jumper Selectable) 
Unipolar 
Bipolar 
Output Drive Current (2: 10V) 
Resolution 
Accuracy 
Gain Error 
Unipolar Offset 
Bipolar Offset 
Linearity Error 
Temperature Coefficients 
Gain 
Offset 
Differential Linearity (no missing codes over temperature range) 
Signal Dynamics 
Settling time to 0.05% FSR 
Output Slew Rate 


Value 


0 to +5V, 0 to +10V 
= 2.5V, + 5V, + 10V 
+ 50 ПА (max.) (25°C) 


3 x 10° ohm, 50 pf 
1 x 1019 ohm, 20 pf 


+ \ x 15V (тах.) (+ V supply ON or OFF) 
15 та (= V = 15V) 


74 db (min.) 
12 bits (1 part in 4096) 


0.3% FSR (max., adjustable to zero) 
+ 110 mV (max., adjustable to zero) 
+ 150 mV max., adjustable to zero) 
0.1% FSR (max.) 


= 50 PPM FSR °С 
+ 60 PPM FSR /°C 
10 Bits 


35 us—typical 

45 us—maximum 
25 из—урса! 

35 us—maximum 
50 kHz 

15 kHz 


Oto +5V, 0 to +10V 
+ 2.5V, + 5V, + 10V 


4.7K ohms + 5% 
x d1V 


. 0 to +.5 Vrer, 0 їо Vrer, 010 2 Vref 


= 25 Vner, = .5Унер, + Удер 
+5 mA (min) 
12 Bits (1 part in 4096) 


0.3% FSR (max., adjustable to zero) 
30 mV (max., adjustable to zero) 

60 mV (max., adjustable to zero) 
0.05% FSR (max.) 


+ 60 PPM FSR ^С 
+ 15 PPM FSR ^C 
10 Bits 


10 ps 
10 Vias 
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SPECIFICATIONS 
Parameter Value 
Dimensions (1, 2, 3) 
Width 100 mm (3.94 in.) 
Length 160 mm (6.3 in.) 
Height 14 mm (0.56 in.) 
Weight 156 g (5.5 oz.) 
Environment 
Operating Temperature 0°С to 70°C 


Storage Temperature 
Relative Humidity 


—40°C to +85°C 
0% to 85% (without condensation) 


Power Requirements 
Analog Input/Output (RM65-5303E) 


Analog Input (RM65-5302E) 


+5 Мас + 5% at 425 mA—typical, 675 тА—тах. 
+15 Vde + 5% at 30 mA—typical, 60 mA—max. 
—15 Мас + 5% at 40 mA—typical, 80 mA—max. 
+5 Vde + 5% at 425 mA—typical, 675 mA—max. 
+15 Vde + 5% at 12 mA—typical, 25 mA—max. 
—15 Мас + 5% at 25 mA—typical, 50 тА—тах. 


+ 


Connectors 
RM 65 Bus Connector P1 


VO Connector J1 


64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) —mates 
with Burndy P196B32R00A00L-9 or equivalent. 

40-pin mass termination (0.100 in. centers)—mates with Burndy 
FRS40BS4P connector or equivalent. 


Notes: 


1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 


thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 
2. Length does not include the added extension due to the module ejector. 


3. Dimensions conform to DIN 41612. 


LENGTH — — — a. MATING 
MOTHERBOARD 
AND RECEPTACLE 
5 et EUROCARD CONNECTOR 
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| " 
1 Mass ui dea. АДЫ, EE 
oti | HEIGHT г a 
" 
| | V Module Dimensions 
И 
"" EUROCONNECTOR 
= EXTENSION 


Module Dimensions 
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RM 65 MICROCOMPUTER MODULES 


The RM65-5451E ACIA Module is one of the hardware options 
available for the RM 65 Microcomputer Module family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the изегз system. 


RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for a broad 
variety of portable or desk-top microcomputer applications. 


PRODUCT OVERVIEW 


The RM65-5451E Asynchronous Communications interface 
Adapter (ACIA) Module interfaces two independent, asyn- 
chronous serial /О channels to the RM 65 Bus. Each channel 
may operate as a data terminal or a data set, as selected by 
jumpers on the module. Both RS-232C and 20 ma TTY current 
loop interfaces are provided on Channel No. 1. An RS-232C 
interface is provided on Channel No. 2. 


Each VO channel performs serial-to-paralle! and parallel-to-serial 
data conversions using an R6551 Asynchronous Communica- 
tion Interface Adapter (ACIA). Both receiver and transmitter may 
operate with a programmable word length of 5, 6, 7, or 8 bits. 
Further, each channel can transmit and receive at 15 different 
program-selectable rates, between 50 and 19,200 baud. The 
receive rate is the same as the transmit rate. 


Document Мо. RMA65NO08 
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RM 65 ASYNCHRONOUS COMMUNICATIONS 
INTERFACE ADAPTER (ACIA) MODULE 


FEATURES 


Compact біге--Арргохіта!еіу 4" х 6%” (100 mm x 160 mm) 
Buffered address, data and control lines 

Two independent channels 

On-board 1.8432 MHz crystal frequency reference 
Programmable baud rate selection of 15 different rates (50, 
75, 109.92, 134.58, 150, 300, 600, 1200, 1800, 2400, 3600, 
4800, 7200, 9600, or 19,200 bits per second) 
Programmable control of: 

—Word length (5, 6, 7 or 8 bits) 

—Number of stop bits (1, 1%, 2) 

—Parity (odd, even or none) 

e Address select switch allows the starting address of the serial 
channel КО to be assigned to a page boundary. 


On-board DC/DC Converter allows +5V only operation for 
RS-232 interface. 


ORDERING INFORMATION 


Part No. Description 

RM65-5451E Asynchronous Communications Interface 
Adapter (ACIA) Module 

Order No. Description 

804 Asynchronous Communications Interface 


Adapter (ACIA) Modute User's Module 


RM65-5451E Asynchronous Communications 
Interface Adapter (ACIA) Module 


Data Sheet Order Мо. RM08 
Rev. 2, June 1983 
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FUNCTIONAL DESCRIPTION 


The Data Transceivers invert and transfer 8-bits of parallel data 
between the R6551 ACIA devices and the RM 65 Bus depending 
on the state of the transceiver enable and. read/write signals. 
During a write operation, the data received from the bus are 
written into the addressed ACIA device. During a read opera- 
tion, the data read from the addressed ACIA device are driven 
onto the bus. When the ACIA module is not addressed, the 
transceivers are disabled. 


The Address Buffers invert and transfer the three least signifi- 
cant address lines to the ACIA devices. Two lines generate the 
register address while one line selects one of the two ACIA 
devices. 


The Control Buffers invert and drive the bank address, clock 
and read/write signals from the bus onto the module and drive 
the bus active and interrupt request lines onto the bus. 


The ACIA module may be assigned to common banks (both 
Bank 0 and Bank 1) or to a dedicated bank (either Bank 0 or 
Bank 1), depending on the Bank Select and Bank Select Enable 
Switch positions. The Bank Select Control circuit detects when 
the ACIA module is bank-addressed, by comparing the bank 
address control signal from the RM 65 Bus with the Bank Select 
switch position. If a match occurs and the Bank Select Enable 
Switch is on, base address decoding is enabled. 


The Base Address Buffer/Comparator buffers the eight most 
significant address lines from the bus and compares them to 
the Base Address Select switches. When a match occurs, the 
ACIA module is enabled. 


ACIA Module 


Two R6551 ACIA devices convert data from serial-to-parallel 
format for input to the RM 65 Bus and from parallel-to-serial 
format for output from the bus. Each ACIA device contains a 
programmable control register to allow баш rate, word length 
and the number of stop bits to be programmed. A command 
register allows ACIA interrupt and parity modes to be specified 
under program control. A status register may be interrogated to 
determine the status of the data transfer and the cause for an 
interrupt request. 


The RS-232 interface circuit contains line receivers and line 
drivers, to convert signals from internal TTL levels to external 
RS-232C levels. Jumpers are provided to specify Data Set or 
Data Terminal operation. Jumpers are also provided to simulate 
RS-232 control signals that are not available from the interfacing 
equipment. 


Opto-couplers in the TTY Interface circuit provide 20 ma current 
loop sourcing and sinking between the ACIA module and an 
external TTY. 


A 1.8432 Mhz crystal generates the data transmission fre- 
quency reference, which the ACIA devices convert to the desired 
baud rate under program control. 


The DC/DC Converter generates +12 Мас from +5 Vdc for 
RS-232 operation. 


Power Source For TTY Operation 


Рог TTY operation, the +12 Vdc must be obtained from the RM 
65 Bus, by removing the DC/DC voltage converter and installing 
two jumpers. 
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RM65-5451E ACIA Module 


RM 65 Bus Pin Assignments 


- Bottom (Solder Side) Top (Component Side) 
Signal | трии Signal Input/ 

Pin | Mnemonic Signal Name Output Pin Mnemonic Signal Name Output 
1a GND Ground 1С +5V +5 Мас 

2а ВАОВ/ Buffered Bank Address І 2с ВА15/ Buffered Address Bit 15 1 
За GND Ground 3c BA14/ Buffered Address Bit 14 | 
4a ВА13/ Buffered Address Bit 13 р 4c BA12/ Buffered Address Bit 12 | 
Ба ВА11/ Buffered Address Bit 11 | 5c GND Ground 

6a ВА10/ Buffered Address Bit 10 І 6с BA9/ Buffered Address Bit 9 1 
7а ВА8/ Buffered Address Bit 8 І 7с ВА7/ “Buffered Address Bit 7 

8a GND Ground 8c BAG/ “Buffered Address Bit 6 

9a ВА5/ “Buffered Address Bit 5 9c BA4 “Buffered Address Bit 4 

10a ВАЗ/ “Buffered Address Bit 3 10с GND Ground 

11а BA2/ Buffered Address Bit 2 І 11с ВА1/ Buffered Address Bit 1 1 
12а ВАО/ Buffered Address Bit 0 р 12с BRI *Buffered Phase 1 Clock 

13a GND Ground 13с BSYNC “Buffered Sync 

14a BSO “Buffered Set Overflow 14с BDRQ1/ Buffered DMA Request 1 

15а BRDY “Buffered Ready 15c GND Ground 

16a *User Spare 1 16c —12V/-V —12 Vdc/ -V 

17a +12V/+V +12 Vde/+V 17с *User Spare 2 

18a GND Ground Line 18с BFLT/ “Buffered Bus Float 

19a BDMT/ *Buffered DMA Terminate 19c Bfo *Buffered External Phase 0 Clock 

20a *User Spare 3 20c GND Ground 
21a BR/W/ Buffered Read/Write "Not" р 21c BDRQ2/ *Buffered DMA Request 2 
22a *System Spare 22c ВАМ “Buffered Read/Write 
23a GND Ground 23c BACT/ Buffered Bus Active о 
24а BIRQ/ Buffered Interrupt Request о 24с BNMI/ *Buffered Non-Maskable Interrupt 
25a BØ2/ Buffered Phase 2 "Not" Clock | 25c GND Ground 

26a Bg2 *Buffered Phase 2 Clock 26с BRES/ Buffered Reset | 
27а BD7/ Buffered Data Bit 7 Vo 27с BD6/ Buffered Data Bit 6 Де] 
28а GND Ground 28с BD5/ Buffered Data Bit 5 Де] 
29а BD4/ Buffered Data Bit 4 VO 29c BD3/ Buffered Data Bit 3 Де] 
30a BD2/ Buttered Data Bit 2 Џој 30c GND Ground 

31a BD1/ Buffered Data Bit 1 yo 31c BDO/ Buffered Data Bit 0 Vo 
32a +5V +5 Vde 32c GND Ground 


Note: 
* Not used on this module. 


ИО Connector ,1--ТТҮ Interface 


Signal 
Pin Mnemonic Signal Мате Input/Output 
1 RTS Request-To-Send 
2 TD Transmit Data 
3 RD Receive Data 
4 —12V -12 Vdc 
ЏО Connector J2 and J3—RS-232 Interface 
Signal Input/Output 
Pin Mnemonic Signal Name Data Set Data Terminal 
Г 1 GND Ground 

2 TD Transmit Data | о 

3 RD Receive Data о | 

4 RTS Request-To-Send | о 

5 CTS Clear-To- Send о ! 

6 DSR Data-Set-Ready о р 

7 GND Ground 

8 DCD Data-Carrier-Detected о р 
9-19 Not Used 
20 DTR Data-Terminal-Ready | о 

21-26 1 Not Used 
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АМ65-5451Е ACIA Module 
SPECIFICATIONS 


Parameter Value 

Dimensions (1, 2, 3) | 

Width 3.9 in. (100 mm) 

Length 6.3 in. (160 mm) 

Height 0.56 in. (14 mm) 

5.2 02. (145 9) 

Environment 

Operating Temperature 0°С to 70°C 

Storage Temperature -40°C to +85°C 

Relative Humidity 0% to 85%, without condensation 


Power Requirements 
RS-232 Interface Operation, with DC/DC Converter +5 Мас +5% @ 0.4A (2.0W)—Typical 
0.7А (3.5W)— Maximum 
+5 Мас +5% @ 0.5А (2.5W)— Maximum 
+12 Мас + 10% @ 0.12A (1.4W)—Maximum 


TTY Operation, without DC/DC Converter | -12 Мас + 10% @ 0.12A (1.4W)—Maximum 
interfaces 
RM 65 Bus 64-pin plug (0.100 іп. centers) per DIN 41612 (Row b not installed) 


VO Interface 
RS-232 | 26-pin mass termination connector (0.100 in. centers) 


TTY 4-pin plug (0.156 in. centers) 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 

3. Dimensions conform to DIN 41612. 


өзім. MATING 
1172 MM) MOTHERBOARD 
AND RECEPTACLE 
LENGTH g 
EUROCARD СОММЕСТОВ 


--n 
M COMPDNENT AREA 
n 
ц 
u A. - 
ң 


WIDTH 4 HEIGHT І 


ШЕ | mE 
- 


EUROCONNECTOR 
EXTENSIDN 


Module Dimensions 
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6% 


Rockwell 


RM65-7004 
RM 65 Microcomputer Family 


RM65-7004E AND RM65-7004NE 
RM 65 4-SLOT PIGGYBACK MODULE STACK 
AND MOTHERBOARD 


RM 65 MICROCOMPUTER MODULES 


The НІМ65-7004Е 4-Slot Piggyback Module Stack (PMS) and 
RM65-7004NE Motherboard is one of the hardware options 
available for the RM 65 Microcomputer Module family. 


RM 65 Microcomputer Modules products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and iow cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A set of card cages allows a broad variety of packaging 
options. RM 65 products may also be used with Rockwell AIM 
65 and AIM 65/40 Microcomputers for product development and 
desktop microcomputer applications. 


PRODUCT OVERVIEW 


The 4-Slot Piggyback Module Stack (PMS) consists of a 4-slot 
RM 65 Bus compatible motherboard in a card cage. Memory, 
VO or special functions may be added to the AIM 65 Microcom- 
puter by use of the PMS. When connected to the AIM 65 Master 
Module through the Buffer/Adapter Module, the PMS may be 
mounted over, under, or behind the AIM 65 Master Module in 
a variety of orientations to meet unique application require- 
ments. The form factor of the PMS allows low profile placement 
in a table top or terminal style enclosure. 


The 4-Slot Motherboard is a printed circuit board (PCB) less 
four connectors, mini-terminal strip, four mounting blocks used 
to fasten the PCB to the card cage. Connectors, mini-terminal 
Strip and custom mounting blocks can easily be added to meet 
unique installation requirements. 


Document No. RMA65 N05 


FEATURES 


4-slot card cage with integral module guides 

Rugged, but lightweight construction 

Accepts axial module cooling fan 

Screw-down terminals for connecting external power (--5V, 
+12V/+V, —12V/-V, GND) 

Predrilled holes for various mounting configurations 

e Assembled, tested and warranted 


ORDERING INFORMATION 


Part No. Description 
RM65-7004E 4-Slot Piggyback Module Stack 


RM65-7004NE 4-Slot Motherboard 


RM65-7004E 4-Slot Piggyback Module Stack (PMS) 


Data Sheet Order No. RM05 
Rev. 3, June 1983 


RM65-7004E • RM65-7004NE 


RM 65 Bus Pin Assignments 


4-Slot Piggyback Module Stack and Motherboard 


Bottom (Solder Side) 


Top (Component Side) 


| 


Signal Signal 
Pin Mnemonic Signal Name | Рт Mnemonic Signal Name 
ta GND Ground ic T +5\ | +5 Мас 
га BADR’ Buffered Bank Address 2c BA15/ Buffered Addrass Bit 15 
3a GND Ground 3c BA14/ Buffered Address Bit 14 
4a BA13/ Buffered Address Bit 13 4c BA12/ Buffered Address Bit 12 
5a BA11/ Buffered Address Bit 11 5c GND Ground 
6a BA10/ Buffered Address Bit 10 6c ВА9/ Buffered Address Bit 9 
та BA8/ Buffered Address Bit 8 7с ВА7/ Buffered Address Bit 7 
8a GND Ground 8c ВАб/ Buffered Address Bit 6 
9a ВА5/ Buffered Address Bit 5 9c ВА Buffered Address Bit 4 
10a BAY Buffered Address Bit 3 10c GND Ground 
11a BA2/ Buffered Address Bit 2 11с ВА1/ Buffered Address Bit 1 
12а ВАО/ Buffered Address Bit 0 12c Bf Buffered Phase 1 Clock 
13a GND Ground 13c BSYNC Buffered Sync 
14a BSO Buffered Set Overflow 14c BDRQ1/ Buffered DMA Request 1 
15a BRDY Buffered Ready 15c GND Ground 
16a User Spare 1 16с -12V/-V —12 Vdc/ -V 
17a +12V/ +V +12 Vdc/+V 17c User Spare 2 
18a GND Ground Line 18с BFLT/ Buffered Bus Float 
19a BDMT/ Buffered DMA Terminate 19c Bo Buffered External Phase 0 Clock 
20a User Spare 3 20c GND Ground 
21a BR/W/ Buffered Read/Write "Not" 21c BDRQ2/ Butfered DMA Request 2 
22a System Spare 22c BRW Butfered Read/Write 
23a GND Ground 23c BACT/ Buffered Bus Active 
24a BIRQ/ Buffered Interrupt Request 24c BNMI/ Buffered Non-Maskable Interrupt 
25a Вў2/ Buffered Phase 2 “Not” Clock 25с амо Ground 
26a вф2 Buffered Phase 2 Clock 26c BRES/ Buffered Reset 
27a BD7/ Buffered Data Bit 7 270 BD6/ Buffered Data Bit 6 
28a GND Ground 28c BD5/ Buffered Data Bit 5 
29a BD4/ Buffered Data Bit 4 29c BD3/ Buffered Data Bit 3 
30a BD2/ Buffered Data Bit 2 30c GND Ground 
31a BD1/ Buffered Data Bit 1 Зіс BD0/ Buffered Data Bit 0 
32a +5V +5 Vde 32c GND 


Ground 
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RM65-7004E • RM65-7004NE 


4-Slot Piggyback Module Stack and Motherboard 


MOTHERBOARD CONNECTION AND 
MODULE INSTALLATION 


Connect power to TB1. The power lines should be long enough 
to allow the PMS to be oriented and positioned as required. 


WARNING 


The external power supplies must be turned off before 
connecting to TB1. 


a. Connect +5V from an external power supply to the terminal 
marked “+5”. “+5” is connected to all +5V pins on all 
module receptacles. 


b. Connect GND from the power supply to either terminal marked 
“С”. Both of these terminals are connected to all GND pins 
on all module receptacles. 


c. Connect +12V/+V from an external power supply to the ter- 
minal marked “+V”. “+V” is connected to Pin 17a on each 
module receptacie. 


d. Connect GND from the + 12V/-- V power supply to either “С” 
terminal. 


e. Connect —12V/- V from an external power supply to the ter- 
minal marked '—V", "—V" is connected to Pin 16c on each 
module receptacle. 


f. Connect GND from the —12V/ — V power supply to either “С” 
terminal. 


Install the PMS in the desired position. Mounting holes are pro- 
vided to allow attachment at the top or bottom of the PMS. 
CAUTION 
Ensure that neither the left nor right side of the PMS is 
blocked such that the flow of forced cooling air is impeded. 
NOTE 
If the PMS is positioned on the AIM 65 Master Module, 


ensure that ће PMS feet rest in areas free of components. 


Attach an axial cooling fan to the left side of the PMS. Connect 
the cooling fan power leads to the required power supply. 


The following 3% 
recommended: 


inch cooling fans or equivalent are 


Manufacturer —ETRI inc 


e Model 760-99XW-182-11115" 
115 Vac, 50/60 Hz, 6 watts 
2500 RPM, 30 CFM 
10 oz. 

e Model 760-99XW-181-11220* 
220 Vac, 50/60 Hz, 6 watts 
2500 RPM, 30 CFM 
10 oz. 


"Requires plug-in power cord, 30" long—Model 760-9601-6. 
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Manufacturer —ROTRON Inc 


e Model WA2F79'* 
115 Vac, 50/60 Hz, 13 watts 
3000 RPM, 33 CFM 
9 oz. 


e Model WA2F77'* 
220 Vac, 50/60 Hz, 13 watts 
3000 RPM, 33 CFM 
9 oz. 


**Includes two 6" power leads. 


NOTE 
ETRI Finger guard Model 760-9901-43 may be used with 
any of these fans. 


Install a module іп the PMS as follows: 


CAUTION 
Power must be turned off to the PMS motherboard before 
installing a module. 


а. Position the module, component side up, in front of the 
desired card slot. 


Card slot No. 1 (top-most slot) has 0.85 inch of component 
Clearance whereas the other three slots are on 0.6 inch cen- 
ters. If a module is higher than 0.4 inches above the surface 
of the module, install it in card slot No. 1. 


b. Insert the module into the card guide and slide the module 
straight in until it touches the mating motherboard receptacle. 


NOTE 
The card slot guides may be snug on the inserted module. 


c. Ensure that the module connector is positioned properly 
against the mating receptacle. 


d. Press in firmly on the exposed edge of the module until it is 
firmly seated. 


Remove a module from the PMS as follows: 


CAUTION 


Hemove power from the PMS motherboard before 
removing a module. 


а. Lift up on the module ejector tab, if installed; otherwise grasp 
the exposed edge of the module and pull, to release the 
module from the mating receptacle. 


b. Pull the module straight back until it is free from the card slot 
guides. 


RM65-7004E е RM65-7004NE 4-Slot Piggyback Module Stack and Motherboard 


4-CONNECTOR MOTHERBOARD 


ASSEMBLY 


The RM65-7004NE 4-slot motherboard can be assembled as 


follows: 


a. Install up to four module connectors (receptacles) from the 
front of the PCB. Be sure to observe correct connector ori- 
entation. The following connectors or their equivalent, may 


be used: 
Part No. Manufacturer 
P196B32RO0KO00K9 Burndy Corporation 


Norwalk, CT 06856 


965-6033-0531-3 
L 


Winchester Electronics 
Oakville, CT 06779 


00-8257-096-649-124 


Elco Corporation 
Huntington, PA 16652 


b. Solder the receptacle pin connections to the back of the 


PCB. 


с. install the mini-terminal strip to the power supply connection 


holes from the back of the PCB. 


d. Solder the mini-terminal strip leads to the front of the PCB. 
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4-Slot Piggyback Module Stack and Motherboard 
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RM65-7004E • RM65-7004NE 


4-Slot Piggyback Module Stack and Motherboard 


SPECIFICATIONS 
Parameter Value 
RM65-7004E 4-Slot PMS Dimensions 
Width 4.96 in. (126 mm) 
Length 8.00 in. (203 mm) 
Height 3.89 in. (99 mm) 
Weight 13 oz. (370 g) 
Module Separation 
Slot 1: Centerline to inside Top Cover 0.85 іп. (22 mm) 
Other Siots: Centerline to Centerline 0.6 in. (15 mm) 


RM65-7004NE Motherboard Dimensions 


Width 3.938 in. (100 mm) 
Length 2.562 in. (65.1 mm) 
Height 0.062 in. (1.6 mm) 

Hole Size 
Uncoded 0.037 in. (0.940 mm) dia. 
A 0.044 in. (1.12 mm) dia. 
B 0.128 in. (3.25 mm) dia. 


BRES. GNO +5 +V GNO 
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RM65-7004NE 4-Slot Motherboard (Rear View) 
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ВМ 65 MICROCOMPUTER MODULES 


The RM65-7008E 8-Slot Card Cage and RM65-7008NE 8-Slot 
Motherboard is one of the hardware options available for the 
RM 65 Microcomputer Module family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A set of card cages allows a broad variety of packaging options. 
RM 65 products may also be used with Rockwell AIM 65 and 
АМ 65/40 Microcomputers for product development and desktop 
microcomputer applications. 


PRODUCT OVERVIEW 


The RM65-7008E 8-slot Card Cage consists of an 8-slot RM 65 
Bus compatible motherboard in a card cage. Memory, ИО or 
special functions may be added to the AIM 65 Microcomputer 
by use of the 8-slot card cage. When connected to the AIM 65 
Master Module through the Buffer/Adapter Module, the card 
cage may be mounted over, under, or behind the AIM 65 Master 
Module in a variety of orientations to meet unique application 
requirements. The form factor of the 8-slot card cage allows low 
profile placement in a table top or terminal style enclosure. 


The RM65-7008NE 8-Slot Motherboard is a printed circuit board 
(PCB) less eight connectors, three filter capacitors, two mini- 
terminal strips and eight mounting blocks used to fasten the 
PCB to the card cage. Connectors, mini-terminal strips, filter 
capacitors and custom mounting blocks as needed can easily 
be added to meet unique installation requirements. 
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RM65-7008E AND RM65-7008NE 
RM 65 8-SLOT CARD CAGE 
AND MOTHERBOARD 


RM65-7008 


RM 65 Microcomputer Family 


FEATURES 


e 8-slot card cage with integral module guides 

Rugged, but lightweight construction 

e Accepts axia! module cooling fan 

e Screw-down terminals for connecting external power (+5М, 
+12V/+V, -12V/ -V, GND) 

e Predrilled holes for various mounting ccnfigurations 

Assembled, tested and warranted 


Removable jumpers on motherboard support +12V as weil 
as +V. 


ORDERING INFORMATION 


| Part Мо. 


RM65-7008E 
RM65-7008NE 


Description 


8-Slot Card Cage 
8-Slot Motherboard 


RM65-7008E 8-Slot Card Cage 


Data Sheet Order No. RM09 
Rev. 3, June 1983 


RM65-7008E е RM65-7008NE 


8-Slot Card Cage and Motherboard 


RM 65 Bus Pin Assignments 


Bottom (Solder Side) 


Top (Component Side) 


| 


Signai NI Signal 
Pin Mnemonic Slgnai Name Pin Mnemonic Signai Name 
1a GND “| Ground ic 45V +5 Vdc 
2a BADR/ Buffered Bank Address 2c BA15/ Buffered Address Bit 15 
3a GND Ground 3c BA14/ Buffered Address Bit 14 
4a BA13/ Buffered Address Bit 13 4c BA12/ Buffered Address Bit 12 
5a BA11/ Buffered Address Bit 11 5c GND Ground 
6a BA10/ Buffered Address Bit 10 6c ВА9/ Buffered Address Вії 9 
7a ВАВ/ ВиНегед Адагезз Вії 8 7с ВА7/ Buffered Address Bit 7 
8a GND Ground 8c ВАб/ Buffered Address Bit 6 
9a ВА5/ Buffered Address ВИ 5 9c BA4/ Buffered Address Bit 4 
10a BAY Buffered Address Bit 3 10c GND Ground 
11a BA2/ Buffered Address Bit 2 ис ВА1/ Buffered Address ВИ 1 
12а ВАО/ Buffered Address Bit 0 12с Bg Buffered Phase 1 Clock 
13a GND Ground 13c BSYNC Buffered Sync 
14a BSO Buffered Set Overflow 14c BDRQ1/ Buffered DMA Request 1 
15a BRDY Buffered Ready 15c GND Ground 
16a User Spare 1 16c -12V/-V -12 Мас/ -V 
17a +12V/+V +12 Vde/+V 17с User Spare 2 
18a GND Ground Line 18с BFLT/ Buffered Bus Float 
19a BDMT/ Buffered DMA Terminate 19с Bgo Buffered External Phase 0 Clock 
20a User Spare 3 20c GND Ground 
21a ВРЛА Buffered Read/Write "Not" 21c BDRQ2/ Buffered DMA Request 2 
22a System Spare 22c ВАЛУ Buffered Read/Write 
23a GND Ground 23с ВАСТ/ Buffered Bus Active 
24a BIRQ/ Buffered interrupt Request 24c BNMI/ Buffered Non-Maskable Interrupt 
25a Bg2/ Buffered Phase 2 “Not” Clock 25c GND Ground 
26a Bg2 Buffered Phase 2 Clock 26с BRES/ Buffered Reset 
27a BD7/ Buffered Data Bit 7 27с BD6/ Buffered Data Bit 6 
28a GND Ground 28c BD5/ Buffered Data Bit 5 
29a BD4/ Buffered Data Bit 4 29c BD3/ Buffered Data Bit 3 
30a BD2/ Buffered Data Bit 2 30c GND Ground 
31a BD1/ Buffered Data Bit 1 31c BDO/ Buffered Data Bit 0 
32a 45V +5 Мас 32с GND Ground 
MOTHERBOARD CONNECTION AND NOTES 


MODULE INSTALLATION 


Connect power to TB1 and/or TB2. The power lines should be 
long enough to allow the card cage to be oriented and posi- 
tioned as required. 


WARNING 


The external power supplies must be turned off before 
connecting to TB1 or TB2. 


a. Connect +5У from an external power supply to either ter- 
minal marked “+5”. “+5” is connected to all +5V pins on 
all module receptacles. 


b. Connect GND from the power supply to either terminal marked 
“G”. Both of these terminals are connected to all GND pins 
on all module receptacies. 


c. Connect +12V/+V from an external power supply to the ter- 
minal marked “+V”. “+V” is connected to Pin 17a on each 
module receptacle. 
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If both +12V and +V (e.g., +15У) are required, remove 
the soldered jumper corresponding to pin 17a between 
receptacle 6 and 7 on the soldered side of the mother- 
board. Connect + 12V to TB1 if six or less modules require 
+12V, or to TB2 if more than six modules require -- 12V. 
Connect +V to the other terminal strip. 


If the jumper has been removed and only one voltage is 
required (i.e., -- 12V or +V), connect the power lead to 
both TB1 and TB2. 


terminal. 


. Connect GND from the +12М/+ V power supply to either “G” 


. Connect -12У/-У from an external power supply to the ter- 


minal marked “— V", " — V" is connected to Pin 16c on each 
module receptacle. 


NOTES 


If both —12V and -У (e.g., —15V) are required, remove 
the soldered jumper corresponding to pin 16с between 


RM65-7008E e RM65-7008NE 


8-Slot Card Cage and Motherboard 


receptacle 6 and 7 on the soldered side cf the mother- 
board. Connect —12V to TB1 if six or less modules require 
—12V or to TB2 if more than six modules require -12У. 
Connect -V to the other terminal strip. 


Н the jumper has been removed and only one voltage is 
required (ie., -12У or —V) connect the power lead to 
both TB1 and TB2. 


f. Connect GND from the -12У/-У power supply to either “G” 
terminal. 


Install the card cage in the desired position. Mounting holes are 
provided to allow attachment at the top or bottom of the card 
cage. 


CAUTION 


Adequate cooling must be provided to keep the temper- 
ature of the installed modules within specified operating 
limits. 


Install a module in the card cage as follows: 


CAUTION 


Power must be turned off to the card cage motherboard 
before installing a module. 


a. Position the module, component side facing TB1 end, in front 
of the desired card slot. 


Card slot No. 1 (slot closest to TB1) has 0.85 inch of com- 
Ponent clearance whereas the other fifteen slots are 0.6 inch 
centers. If a module is higher than 0.4 inch above the surface 
of the module, install it in card slot No. 1. 


CAUTION 


If +12V and +V have been connected to different terminal 
strips (TB1 or TB2), ensure that any modules requiring 
+12V or +V are installed in the slots corresponding to the 
proper voltage. 


b. Insert the module into the card guide and slide the module 
straight in until it touches the mating motherboard receptacle. 
NOTE 
The card slot guides may be sriug on the inserted module. 
c. Ensure that the module connector is positoned properly 
against the mating receptacle. 
CAUTION 


A key is installed in each edge connector receptacle 
between pin 5 and pin 6. Forcing an edge connector 
module without a corresponding slot in the plug may 
damage the receptacle and/or the module. 


d. Press in firmly on the exposed edge of the module until it is 
firmly seated. 


Remove a module from the card cage as follows: 


CAUTION 


Remove power from the card cage motherboard before 
removing a module. 


a. Lift up on the module ejector tab, if installed; otherwise grasp 
the exposed edge of the module and pull, to release the 
module from the mating receptacle. 


b. Pull the module straight back until it is free from the card slot 
guides. 


SPECIFICATIONS 
|_ Parameter Value 
8-Slot Card Cage Dimensions 1 
Width 4.96 in. (126 mm) 
Length 8.00 in. (203 mrn) 
Height 6.40 in. (162.6 тт) 


Module Separation 
Slot 1: Centerline to Inside Top Cover 
Other Slots: Centerline to Centerline 


0.85 іп, (22 mm) 
0.6 in. (15 mm) 


Weight 


1, 6 oz. (624 g) 


8-Slot Motherboard Dimensions 


Width 3.938 in. (100 mm) 
Length 5.725 in. (145 mm) 
Height ne 0.062 in. (1.6 mm) 

Hole Size 
Uncoded 0.037 in. (0.940 mm) dia. 
A 0.044 in. (1.12 mm) dia 
B 


0.128 in. (3.25 mm) dia. 
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-“ 7.25 ВЕР 
{184.2 ММ) ЕЛ 
(19.1 MM) 
650 
(165.1 ММ) 


INSTALL MODULES FROM 
THIS END 


3.856 REF 
(97.9 MM} 4 PLACES 
„166 DIA 


(4,2 ММ} 


1.106 
(28.1 ММ} TOP VIEW 


МОТНЕВЗОАВО 


8.00 4.96 
0007 (203,2 ММ) Teh BIA (126 MM} 0.2 
{4.2 ММ) 85 (5 ММ) 
4 PLACES (21,6 мм) 
= = 
ет 5/3 "e e 


2 мм} 
ТУР 7 PLACES 


6.4 
(162.6 MM) 


LEFT SIDE VIEW END VIEW 


8-5101 Card Cage Dimensions 
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8-SLOT MOTHERBOARD ASSEMBLY b. Solder the receptacle pin connections to the back of the 


The RM65-7008NE 8-slot motherboard can be assembled using PCB. 
the printed circuit board as follows: 


c. Install three 100 ufd, 25 Vdc capacitors from +5V to GND, 
+V to GND, and —V to GND, from the front of the PCB. Be 
sure to observe correct polarity. 


a. Install up to eight module connectors (receptacles) from the 
front of the PCB. Be sure to observe correct connector ori- 
entation. The following connectors or their equivalent, may 


be used: 
Part No. Manufacturer d. Solder the capacitor leads to the back of the PCB. 
Р196Вз2В00К00К9 Витду Согрогаћоп 

Norwalk, CT 06856 e. Install one or two miniterminal strips to the power supply con- 
965-6033-0531-3 Winchester Electronics nection holes from the back of the PCB. 

Oakville, CT 06779 | 
00-8257-096-649-124 Elco Corporation 


Huntington, PA 16652 f. Solder the miniterminal strip leads to the front of the PCB. 


BRES- GND +5 GND +У GND м 


(ive | 


саюза ке тесоо sonra 
N> а а дах тесное паре ҮЧТҮ 


,900000000000000000000000000000000000 с 
OO00000000000000000000000000000000000 А 


+ - : $l- | 


9000000000 0000 000 0000000000000000000(C 


2 
OO00000000000000000000000000000000000|A 


000000000000000000000000000000000000/|C 
3 

9000000000000 000000000 000000 00000000lA 
0909000000 600000 0090000000 0000000000000 |с V 


4 
1!ОООООООООООООООООООООООООООООООООООО А 
І 


р 
990000000000000600900 0000000000000000 


5 с (101.6 ММ) 
10000000090000009000000 000000 оооооооо [А в 5.728 
-ф- --- - 2.800 (145.4 MM) 


99009000 000000600000 000 000000006 00000 |с (71.1 ММ) 


6 
90000000000000000006000 000000 00000000 


| 1.600 
400 1406 MM) 
000000000000000000000000000000000000 |с|(10.2 мм) “O 
00000 00000000000000 000000000 000000004] — 
+- -- - Ej ы} 
100000000000000 оооооооооооооооооооооо|с (12.7 MM} 
в 
00000 00000 000000000000000000000000 | Y 
“гот trony m 
о i о 
оз ___ _} оч 4 | (19.0 мм) 
"A [X ! 
+5 GND «V GND м 
(081 REF 
DATUM (2.1 мм) 
219 
(5.6 MM) 
3.682 
mi — (92.0 мм) — 
_ 3.938 
(100 MM) 


RM65-7008NE 8-Slot Motherboard (Rear View) 
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RM65-7016 
RM 65 Microcomputer Family 


6 % RM65-7016E АМО RM65-7016NE 


| RM 65 16-SLOT CARD CAGE 
Rockwell AND MOTHERBOARD 


RM 65 MICROCOMPUTER MODULES FEATURES 


The RM65-7016E 16-Slot Card Cage and RM65-7016NE Moth- 16-slot card cage with integral module guides 
erboard are one of the hardware options available for the RM e Rugged, yet lightweight construction 
65 Microcomputer Module family. 


Screw-down terminals for connecting external power (--5У, 
+12VW/+V, -12V/ - V, GND) 

Predrilled holes for various mounting configurations 

e Assembled, tested and warranted 

Removable jumpers on motherboard support = 12V as well 


RM 65 Microcomputer Modules products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 


Assembly Language, PL/65, BASIC and FORTH. Both BASIC as = V. 

and FORTH are available in ROM and can be incorporated into 

the user's system, ORDERING INFORMATION 

RM 65 modules use a motherboard interconnect concept and Part No. Description 
accept any card in any slot. The 64-line RM 65 Bus offers 

memory addressing up to 128K bytes, high immunity to elec- АМ65-70166 16.501 сага Сабе 


trical noise and includes growth provisions for user functions. 
A set of card cages allows a broad variety of packaging options. 
RM 65 products may also be used with Rockwell AIM 65 and 
АМ 65/40 Microcomputers for product development and desktop 
microcomputer applications. 


PRODUCT OVERVIEW 


The RM65-7016E 16-slot card cage consists of a 16-slot RM 65 
Bus compatible motherboard in a card cage. Memory, i/O or 
special functions may be added to the AIM 65 Microcomputer 
by use of the 16-slot card cage. When connected to the AIM 65 
Master Module through the Adapter/Buffer, the card cage may 
be mounted over, under, or behind the AIM 65 Master Module 
in a variety of orientations to meet unique application require- 
ments. The form factor of the 16-slot card cage allows low profile 
placement in a table top or terminal style enclosure. 


The RM65-7016NE 16-Slot Motherboard is a printed circuit 
board (PCB) less 16 connectors, two mini-terminal strips, three 
filter capacitors and 16 mounting blocks used to fasten the PCB 
to the RM65-7016E card cage. Connectors, mini-terminal strips, 
filter capacitors, and custom mounting blocks as needed can 
easily be added to meet unique installation requirements. RM65-7016E 16-$10{ Card Cage 


Document No. RMA65N18 Data Sheet Order No. RM18 


Rev. 2, June 1983 
9-83 


RM65-7016E • RM65-7016NE 


16-Slot Card Cage and Motherboard 


RM 65 Bus Pin Assignments 


Bottom (Solder Side) Top (Component Side) zi 
Signal Signal 

Pin Mnemonic Signal Name Pin Mnemonic Signal Name 
1а амр Ground 1c +5V +5 Vde 
2a BADR/ Buffered Bank Address 2c BA15/ Buffered Address Bit 15 
3a GND Ground 3c BA14/ Buffered Address Bit 14 
4a BA13/ Buffered Address Bit 13 4c BA12/ Buffered Address Bit 12 
5a BA11/ Buffered Address Bit 11 5c GND Ground 
6a BA10/ Buffered Address Bit 10 6c ВА9/ Buffered Address ВИ 9 
7а ВА8/ Buffered Address ВИ 8 7C BA7/ Buffered Address Bit 7 
8a GND Ground 8c BA6/ Buffered Address Bit 6 
9a BAS/ Buffered Address Bit 5 9c BA4/ Buffered Address Bit 4 

10a BA3/ Buffered Address Bit 3 10c GND Ground 

11a BA2/ Buffered Address Bit 2 11c BA1/ Buffered Address Bit 1 

12a ВАО/ Buffered Address Bit 0 12с gi Buffered Phase 1 Clock 

13a GND Ground 13c BSYNC Buffered Sync 

14a BSO Buffered Set Overflow 14c BDRQ1/ Buffered DMA Request 1 

15a BRDY Buffered Ready 15c GND Ground 

16a User Spare 1 16c -12V/-V —12 Vdc/- V 

17a +12V/4V +12 Vde/+V 172 User Spare 2 

18a GND Ground Line 18c BFLT/ Buffered Bus Float 

19a BDMT/ Buffered DMA Terminate 19c во Buffered External Phase 0 Clock 

20a User Spare 3 20с амр Ground 

21а BR/W/ Buffered Read/Write "Not" 21с BDRQ2/ Buffered DMA Request 2 

22a System Spare 22c BRW Buffered Read/Write 

23a GND Ground 23c BACT/ Buffered Bus Active 

24a BIRQ/ Buffered Interrupt Request 242 BNMI/ Buffered Non-Maskable Interrupt 

25a Bó2/ Buffered Phase 2 "Not" Clock 25c GNO Ground 

26a B2 Buffered Phase 2 Clock 26c BRES/ Buffered Reset 

27a BD7/ Buffered Data Bit 7 27с BD6/ Buffered Data Bit 6 

28a GND Ground 28с BO5/ Buffered Data Bit 5 

29a BD4/ Buffered Data Bit 4 29c BD3/ Buffered Data ВИ 3 

30a BD2/ Buffered Data Bit 2 30c GNO Ground 

31a BD1/ Buffered Data Bit 1 31c BDO; Buffered Data Bil 0 

32a +5V +5 Мас 32c GNO Ground 

MOTHERBOARD CONNECTION AND NOTES 


MODULE INSTALLATION 


Connect power to TB1 and/or TB2. The power lines should be 
long enough to allow the card cage to be oriented and posi- 
tioned as required. 


WARNING 


The external power supplies must be turned off before 
connecting to TB1 or TB2. 


а. Connect +5V from an external power supply to either ter- 
minal marked “+5”. “+5” is connected to all +5V pins on 
all module receptacles. 


b. Connect GND from the power supply to either terminal marked 
“б”. Both of these terminals are connected to all GND pins 
on al! module receptacles. 


с. Connect +12V/+V from an external power supply to the ter- 
minal marked “+V”. “+V” is connected to Pin 17а on each 
module receptacle. 


9-84 


1. If both +12V and +V (e.g., * 15V) are required, remove 
the soldered jumper corresponding to pin 17a between 
receptacle 3 and 4 on the soldered side of the moth- 
erboard. Connect +12\ to TB1 if three or less mod- 
ules require -- 12V, or to TB2 if more than three modules 
require -- 12V. Connect +V to the other terminal strip. 


2. If the jumper has been removed and only one voltage 
is required (i.e., +12V or +V), connect the power lead 
to both TB1 and TB2. 


. Connect GND from the +12V/+V power supply to either “С” 


terminal. 


. Connect -12У/-У from an external power supply to the ter- 


minal marked " - V". " — V" is connected to Pin 16c on each 
module receptacle. 
NOTES 


1. ff both — 12V and - V (e.g., -15У) are required, remove 
the soldered jumper corresponding to pin 16с between 


RM65-7016E e RM65-7016NE 


16-Slot Card Cage and Motherboard 


receptacle 3 and 4 on the soldered side of the moth- 
erboard. Connect —12V to TB1 if three or less mod- 
ules require — 12V or to TB2 if more than three modules 
require —12V. Connect —V to the other terminal strip. 


2. If the jumper has been removed and only one voltage 
is required (i.e., -12У or —V) connect the power lead 
to both TB1 and TB2. 


f. Connect GND from the —12V/— V power supply to either “G” 
terminal. 


Install the card cage in the desired position. Mounting holes are 
provided to allow attachment at the top or bottom of the card 
cage. 


CAUTION 


Ensure that neither the left nor right side of the card cage 
is blocked such that the flow of forced cooling air is 
impeded. 


Install a module in the card cage as follows: 


CAUTION 


Ensure that power is turned off to the card cage moth- 
erboard before installing a module. 


а. Position the module, component side facing TB1 end, in front 
of the desired card slot. 


Card slot No. 1 (slot closest to TB1) has 0.85 inch of com- 
ponent clearance whereas the other seven slots are 0.6 inch 
centers. If a module is higher than 0.4 inch above the surface 
of the module, install it in card slot No. 1. 


SPECIFICATIONS 


— 


Characteristic 


RM65-7016E Card Cage Dimensions 
Width 
Length 
Height 


Weight 


Module Separation: 
Slot 1: Centerline to Inside Top Cover 
Other Slots: Centerline to Centerline 


CAUTION 


If =12\ and +V have been connected to different terminal 
strips (TB1 or TB2), ensure that any modules requiring 
+12V or +V are installed in the slots corresponding to the 
proper voltage. 


b. Insert the module into the card guide and slide the module 
straight in until it touches the mating motherboard receptacle. 


NOTE 


The card slot guides may be snug on the inserted module. 


c. Ensure that the module connector is positioned properly 


against the mating receptacle. 


CAUTION 


A key is installed in each edge connector receptacle 
between pin 5 and pin 6. Forcing an edge connector 
module without a corresponding slot in the plug may 
damage the receptacle and/or the module. 


d. Press in firmly on the exposed edge of the module until it is 


firmly seated. 
Remove a module from the card cage as follows: 


CAUTION 


Remove power from the card cage motherboard before 
removing a module. 


a. Lift up on the module ejector tab, if installed; otherwise grasp 


the exposed edge of the module and pull, to release the 
module from the mating receptacle. 


b. Pull the module straight back until it is free from the card slot 


guides. 


Value 


4.96 in. (126 mm) 
8.00 in. (203 mm) 
11.20 in. (285 mm) 


2 Ib. 10 oz. (1.20 kg) 


0.85 in. (22 mm) 
0.6 in. (15 mm) 


RM65-7016NE Motherboard Dimensions 
Width 
Length 
Height 


Hole Size 
Uncoded 


EE 


3.938 in. (100 mm) 
10.525 in. (267 mm) 
0.062 in. (1.6 mm) 


0.037 in. (0.940 mm) dia. 
0.044 in. (1.12 mm) dia. 
0.128 in. (3.25 mm) dia. 
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3.856 REF 
187.9 MM) 4PLACES 
.168 DIA 
! {4.2 MM} 
| 
1 
| 
1.106 
(28.1 ММ) ТОР VIEW 
MOTHERBOARD 
8.00 
(203.2 MMI” 


„166 DIA 
14.2 MMI 


LEFT SIDE VIEW 


75 
{184.2 ММ) 75 
(19.1 ММ) 
i  — — — — —— 6.50 ——Á a Es 
(165.1 MM) 


4PLACES 


16-Slot Card Cage and Motherboard 


INSTALL MODULES FROM 
THIS END 


4.96 251: 224-27-12 
{126 MM) | 0.2 


=--- | | 
– TBI ~ 
0.6 
(15.2 ММ) 
ТУР 7 PLACES 
11.20 


=Й. 


END VIEW 


16-Slot Card Cage and Motherboard 
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16-CONNECTOR MOTHERBOARD 
ASSEMBLY 


The RM65-7016NE 16-slot motherboard can be assembled as 
follows: 


install up to 16 module connectors (receptacles) from the front 
of the PCB. Be sure to observe correct connector orientation. 


а. The following connectors or their equivalent, may be used: 
Г тм | мы | 
P196B32RO0KO00K9 Burndy Corporation 
Norwalk, CT 06856 
965-6033-0531-3 Winchester Electronics 
Оакмће, CT 08779 
Еко Corporation 
Huntington, PA 16652 


00-8257-096-649-124 


. Solder the receptacle pin connections to the back of the 


PCB. 


. Install three 100 Ша, 25 VDC capacitors from +5V to GND, 


+V to GND, and -V to GND, from the front of the PCB. Be 
sure to observe correct polarity. 


. Solder the capacitor leads to the back of the PCB. 


. Install one or two mini-terminal strips to the power supply 


connection holes from the back of the PCB. 


Solder the mini-terminal strip leads to the front of the PCB. 


BRES. GND +5 GND +V GND 


әсосокопяооеооаһковчооа-о 
NAAN AR eee eee 


Wie 
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O000000000000000u... 
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7^^00000000000 


13 
j00000000000000000000000000000í0s.. 


c 
А 
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190009000000000000000000000000000 00000 
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| 
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% GND «V GND 


3.662 
(92.0 MM) 


3.938 
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081 REF 
{21 ММ} 


219 
(5.6 MM) 


16-Slot Motherboard (Rear View) 
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RM 65 MICROCOMPUTER MODULES 


The RM65-7101E Single Card Adapter for the AIM 65 Micro- 
computer is one of the hardware options available for the RM 
65 Microcomputer Module family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed м R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the users system. 


RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


ORDERING INFORMATION 


| Part Мо. | 
| RM65-7101E | 


Description 


Single Card Adapter for AIM 65 | 


RM65-7101E 
RM 65 SINGLE CARD ADAPTER FOR AIM 65 


RM65-7101E 


RM 65 Microcomputer Family 


FEATURES 


• Drives one RM 65 Bus-compatible module 
e Provision for power and ground routing 

e Extends address, data and control lines 

e Pin and socket bus connector 

e Fully assembled, tested and warranted 


PRODUCT OVERVIEW 


The RM65-7101E Single-Card Adapter allows one RM 65 Bus 
compatible module to be connected to the AIM 65 Master 
Module, through the AIM 65 Expansion connector. The Adapter 
routes the AIM 65 address, data and control lines from the AIM 
65 Expansion connector pin assignments to the RM 65 Bus pin 
assignments. Drive circuitry is included on the address and data 
lines. 


RM65-7101E Single Card Adapter for AIM 65 


Document No. RMA65N03 


Data Sheet Order Мо. RM03 
Rev. 2, June 1983 


АМ65-7101Е 


Single Card Adapter for АМ 65 


FUNCTIONAL DESCRIPTION 


The Single Card Adapter interfaces AIM 65 Expansion Con- 
nector signals to an attached RM 65 Bus receptacle. Data and 
address lines are buffered, whereas control lines are directly 
wired. А! signals are routed from the АМ 65 Expansion Con- 
nector positions to corresponding RM 65 Bus receptacle pin 
positions. Ground is connected to the interspersed RM 65 Bus 
GND pins. 


The Data Transceivers invert and drive 8-bits of parallel data 
between the AIM 65 Expansion Connector and the RM 65 Bus 
interface. During a write operation, data received from the AIM 
65 Expansion Connector are driven into the interfacing RM 65 
module. During a read operation, data read from the RM 65 
module are transmitted into the AIM 65. When the RM 65 
module is not addressed, the transceivers are disabled. 


The Address Buffers invert and buffer 16 parallel address bits 
from the AIM 65 to the connected RM 65 module. The bank 
address line is held high to address Bank 0 (lower 65K) in the 
interfacing RM 65 module. 


Eleven control and timing signals are directly connected between 
the AIM 65 Expansion Connector and the RM 65 module. The 
read/write, phase 2 clock, phase 1 clock, sync and reset AIM 
65 output lines are routed directly to the RM 65 receptacle. The 
ready, interrupt request, set overflow and non-maskable inter- 
rupt lines from the RM 65 receptacle are connected straight 
through to the AIM 65 Expansion Connector interface. 


A terminal block allows external +5V, -12V/ +V, and -12У/-У 
power supplies to be connected as required. An on-board jumper 
allows the +5V for the RM 65 module to originate from the АМ 
65 Expansion Connector or from the external --5V power supply. 


POWER CONNECTION 


+5 VOLT POWER CONNECTION 


Тһе +5 volt (--5V) required for the Single Card Adapter can be 
provided from the AIM 65 microcomputer through the AIM 65 
Expansion Connector or directly from an external power supply 
through a connection to the on-board terminal board (TB1). 
Jumper А/В routes the +5V power from the selected source. 


CAUTION 
Turn off the external power supply before connecting 
power leads to the Single Card Adapter. 
AIM 65 +5V POWER SOURCE CONNECTION 
a. Instali Jumper А/В in the A position. 
b. Disconnect the +5V lead of the external power supply from 
the +5V connection on TB1. 
WARNING 


if the mating RM 65 module draws over 0.5A, the external 
connection to --5V must be used or the AIM 65 Master 
Module may be damaged. 
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EXTERNAL +5V POWER SOURCE CONNECTION 
a. Install Jumper A/B in the B position. 


b. Connect the +5V lead from the external power supply to the 
+5V connection on TB1. 


с. Connect the ground lead from the external +5V power supply 
to either of the two GND connections on TB1. 


+12V/+V POWER CONNECTION 


Connection points are provided оп TB1 for +12 Vdc, or other 
voltages, as required by the mating RM 65 module. 


a. Connect the +12V/+V lead from the external power supply 
to the TB1 connection marked +15\ or +V. This terminal 
is connected to connector J1 pin 17a. 


b. Connect the —12V/— V lead from the external power supply 
to the TB1 connection marked —15V or —V. This terminal 
is connected to connector J1 pin 16c. 


INSTALLATION 


Before installing the module, inspect for damage and grease, 
dirt, liquid or other foreign material that will affect performance. 


CAUTION 


Prior to module installation, turn off power to the AIM 65 
and, if applicable, the optional external +5V and/or = 12М/ 
+М power supply input to the Adapter. 


a. Align pin 1 of J3 on the SCA with pin 1 of the Expansion 
Connector on the AIM 65 Master Module (component side 
up). 


b. Carefully insert the Adapter into the Expansion Connector. 
c. Press in firmly until all pins are securely seated. 


d. Install the RM 65 module into the J1 connector on the 
Adapter using installation procedures described in the doc- 
umentation for the particular module. Ensure that Bank Select 
Switches on the add-on module are positioned to Bank Select 
0 or Bank Select Disable, as appropriate. 


e. Turn on power to the AIM 65 and, if applicable, turn on 
external +5 Мас and/or +12V/+V to the SCA module. 


REMOVAL 


а. Turn off power to the АМ 65 and if applicable, to the external 
+12V/+V power supplies. 


b. Pull the Adapter straight back while moving it slightly from 
Side to side to disconnect it from the AIM 65 Expansion 
Connector. 


RM65-7101E Single Card Adapter for AIM 65 
CONNECT TO 
CONNECT TO AIM 65 ЯМ 65 BUS 
EXPANSION CONNECTOR RECEPTACLE 
43 J1 
< к 
TRANSCEIVERS 
BUS ACTIVE 
x 7 
TIMING ] TIMING 
AND AND 
CONTROL - | CONTROL 
T шы 
BANK ADDRESS 
GND GND 
45V e эу 
%12У/%У 
-12У/-У 
Single Card Adapter Block Diagram 
RM 65 Bus Pin Assignments 
= КЕ 
Bottom (Solder Side) Top (Component: Side) 
Signal Signal 
Pin Mnemonic Signal Name 1/0 Pin Mnemonic Signal Name yo 
1a GND Ground 1c +5V +5 Мас 
2а BADR’ Buffered Bank Address о 2c BA15/ Buffered Address Bit 15 о 
За GND Ground 3c BA14/ Buffered Address Bit 14 о 
4а ВА13/ Buffered Address Bit 13 о 4с ВА12/ Buffered Address Bit 12 о 
5а ВА11/ Buffered Address Bit 11 о 5с GND Ground 
6a BA10/ Buffered Address Bit 10 о бс BAY Buffered Address Bit 9 о 
та ВА8/ Buffered Address Ви 8 о 7с ВА7/ Buffered Address Bit 7 о 
8a GND Ground 8c ВАб/ Buffered Address Bit 6 о 
да BAS/ Buffered Address Bit 5 о 9c ВА4/ Buffered Address Bit 4 о 
10а ВАЗ Buffered Address Bit 3 о 10с GND Ground 
11а ВА2/ Buffered Address Bit 2 о 11c BA1/ Buffered Address Bit 1 о 
12а BAO/ Buffered Address Bit 0 о 12c Bpi Buffered Phase 1 Clock о 
13a GND Ground 13c BSYNC Buffered Sync о 
14а BSO Buffered Set Overflow | 142 BDRQ1/ *Buffered DMA Request 1 
15a BRDY Buffered Ready 1 15c GND Ground 
16a *User Spare 1 16c —12V/-V | -12 Vdo -V 
17a +12\/+У | +12 Vde/+V 17с “User Spare 2 
18a GND Ground Line 18c BFLT/ “Buffered Bus Float р 
19а BDMT/ *Buffered DMA Terminate 19c вфо *Buffered External Phase 0 Clock 
20a = *User Spare 3 20с GND Ground 
21a BR/W/ Buffered Read/Write "Not" о 21с BDRQ2/ “ВиНегеа DMA Request 2 
22a "System Spare 22с BRIW Buffered Read/Write о 
23a GND Ground 23с ВАСТ/ Buffered Bus Active | 
24а BIRQ/ Buffered Interrupt Request | 24c BNMI/ Buffered Non-Maskable Interrupt | 
25а 82; Buffered Phase 2 "Not" Clock o 25c GND Ground 
26a Bg2 Buffered Phase 2 Clock о 26c BRES/ Buffered Reset о 
27а BD7/ Buffered Data Bit 7 yo 27c BD6/ Buffered Data Bit 6 yo 
28a GND Ground 28c BD5/ Buffered Data Bit 5 vO 
29a BD4/ Buffered Data Bit 4 vO 29c BD3/ Buffered Data Bit 3 yo 
30a BD2/ Buffered Data Bit 2 yo 30c GND Ground 
31a BD1/ Buffered Data Bit 1 О 315 вро/ Buffered Data Bit 0 О 
32a +5V +5 Vde 32c GND Ground 
Note: 
*Not used on this module. 
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SINGLE CARD ADAPTER SCHEMATIC 
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16,328 ОМ 48. CONNECTIR SHALL BE TIED TO "SY. 
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RM65-7101E Single Card Adapter for AIM 65 


AIM 65 Expansion Connector Pin Assignments 


Top (Component Side) Bottom (Solder Side) 
Signal Input/ Signal Input 
L Pin Mnemonic Signal Name | Output | Рт Mnemonic Signal Name | Ошрш 
1 SYNC | Sync | А AO Address Bit 0 | 
2 RDY Ready о В Al Address Bit 1 | 
3 #1 Phase 1 Clock і с А2 Address Bit 2 1 
4 IRQ Interrupt Request о D АЗ Address Bit 3 | 
5 5.0. Set Overflow о Е А4 Address Bit 4 І 
6 NMI Non-Maskable Interrupt о Е А5 Address Bit 5 1 
7 RES Reset | H Аб Address Bit 6 | | 
8 07 Data Bit 7 Џој Ј А7 Address Ви 7 | 
9 06 Data Bit 6 VO K АВ Address Вії 8 | 
10 05 Data Bit 5 Vo L A9 Address Bit 9 | 
11 D4 Data Bit 4 Џој M A10 Address Bit 10 | 
12 D3 Data Bit 3 VO N A11 Address Bit 11 | 
13 02 Data Ви 2 О Р А12 Address Bit 12 | 
14 D1 Data Bit 1 О В А1З Address Bit 13 | 
15 DO Data Bit 0 Vo S A14 Address Bit 14 | 
16 -12V | | *-12 Мас T A15 Address Bit 15 | 
17 +12V 5412 Мас U SYS $2 System Phase 2 Clock | 
18 css “Chip Select 8 у SYS ВАМ System Read/Write | 
19 cso *Chip Select 9 м ВАМ Read/Write “Not” | 
20 CSA Chip Select A X "TEST Test 
21 +5V +5 Vde | Y 82 Phase 2 Clock "Мог" | 
22 GND Ground | z "ВАМ RW | RAM Read/Write 
Note: 


"Мог used on this module. 


MATES WITH 
RM 65 
MODULE 


Е КЕ EDGE EUROCARD 
LENGTH EN RECEPTACLE RECEPTACLE 
COMPONENT 
AREA 
- М Ша `A — 
LLEN 
WIDTH 
HEIGHT 


Module Dimensions 
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RM65-7101E Single Card Adapter for AIM 65 


SPECIFICATIONS 
Parameter Value 
Dimensions (1, 2, 3) 
Width 4.4 in. (111 mm) 
Length 3.7 in. (93 mm) 
Height 0.56 in. (14 mm) 


Weight 3.0 oz. (90 g) 


Environment 


Operating Temperature ФС to 70°C 


Storage Temperature —40°С to +85°C 


Relative Humidity 0% to 85% (without condensation) 
Power +5V +5% 110 mA (0.55W)—Typical 
200 mA (1.00W)—Maximum 
Interface 
AIM 65 Expansion Connector 22/44—edge receptacle (0.156 in. centers) 
RM 65 Bus 64-pin receptacle (0.100 centers) per DIN 41612 (Row b is not installed) 


Notes: 
1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors. 

3. Dimensions conform to DIN 41612. 
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RM 65 MICROCOMPUTER MODULES 


The RM65-7102E IEEE-48 Bus Interface Module is one of the 
hardware options available for the RM 65 Microcomputer Module 
family. 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot, The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
А selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for a broad 
variety of portable or desktop microcomputer applications. 


PRODUCT OVERVIEW 


The RM 65 IEEE-488 Bus Interface Module connects an AIM 
65, AIM 65/40 or RM 65 SBC based system to the IEEE-488 
General Purpose Interface Bus (GPIB). Complete controller, 
talker and listener functions, as defined in the IEEE-488, 1978 
Standard, are implemented. The module also supports extended 
addressing and multiple bus controllers. On-board ROM firm- 
ware implements all 12 functions specified by the interface stan- 
dard. Features not defined in the standard, but also supported, 
include manual talk or listen disable, dual primary addressing, 
and an external trigger line. Switches select the Device Talk/ 
Listen Address, Enable Dual Primary Addressing Mode, Disable 
Talk, Disable Listen, and System Controller mode. The bus 
interface transceivers meet the electrical specifications of the 
IEEE-488 interface standard. An 8-inch ribbon cable mates the 
IEEE-488 module to the ІЕЕЕ-488 bus with a standard 24-pin 
connector. 


ee 


RM65-7102E 
RM 65 ІЕЕЕ-488 BUS INTERFACE MODULE 


RM65-7102E 
RM 65 Microcomputer Family 


ORDERING INFORMATION 


Part No. 


RM65-7102E 


Description 
ІЕЕЕ-488 Bus Interface Module 
Order No. Jescription 
815 


Description 


IEEE-488 Bus Interface Module User's Manual 
(included with RM65-7102E) 


FEATURES 


e Compact size-—about 4" x 612" (100 mm x 160 mm) 
e Pin and socket bus connection 

е RM 65 Bus compatible 

e Buffered address, data and control lines 

e Listen, talk, and controller functions 

e ІЕЕЕ-488, 1978 standard fully implemented 
e Uses TI 9914 GPIB Adapter device 

e On-board ROM contains bus protocol and utility firmware 
e Switches for 

—Ремсе Talk/Listen Address 

— Disable Talk 

— Disable Listen 

— Enable Dua! Primary Addressing mode 

— System Controller 

— Base Address to page boundary for ИО 

— Bank Selection to one or both 65K banks 
Jumper for ROM enable/disable 

LEDs show current address register contents 
Supports DMA data transfers 

T 5V operation 

Fully assembled, tested and warranted 


| 


RM65-7102E IEEE-488 Bus Interface Module 


Document No. RMA65N13 
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Data Sheet Order No, RM13 
Rev. 2, June 1983 


АМ65-7102Е 
FUNCTIONAL DESCRIPTION 


The Data Transceivers invert and transfer 8-bits of parallel data 
between the IEEE-488 Bus Interface Module and the RM 65 
bus, based on data direction signals from the Base Address 
Decoder. 


The Address Buffers invert and transfer the 16-bit parallel 
address lines from the RM 65 bus to the Base Address Decoders, 
to the R2332 ROM and to the GPIB Adapter. 


The Control Buffers invert and transfer phase 2 clock, reset, and 
read/write control signals from the RM 65 bus onto the module. 
The interrupt request is buffered and driven onto the RM 65 bus. 


The Bank Select Control circuit detects when the module’s 
assigned memory bank is addressed by comparing the bank 
address signal from the RM 65 bus to the Bank Select and Bank 
Select Enable switches. The Bank Select Enable switch allows 
the board to reside in common memory (both Bank 0 and Bank 
1) or only in the Bank set by the Bank Select switch (either Bank 
0 or Bank 1). 


The DMA Control circuit allows DMA requests from the TI 9914 
GPIB Adapter device to be driven on the RM 65 bus or disabled 
under program control. This line is jumper selectable for either 
of two DMA request lines on the RM 65 bus. 


The Base Address Decoder compares the eight most significant 
address lines to the eight Base Address switches. The ROM 
Disable jumper allows the module to be active in a 4K block 
when enabled or active in a page (256 locations) when disabled. 
When an address for the selected bank matches the four most 
significant switches and the ROM is enabled, the Data Trans- 
ceivers are enabled and the bus active signal is generated. 
When this address also matches the four least significant 
switches the GPIB Adapter and I/O are selected. When there 
is no match on the four least significant switches, the ROM is 
selected. When the GPIB Adapter and I/O are selected, the four 
least significant address lines, phase 2 clocks, and read/write 
control lines are used to derive register selects for the GPIB 
Adapter, device selects for the GPIB Status Latch, GPIB Sense 
Buffers, System Controller Select, and DMA Control Circuits. 
The read/write control lines also determine the direction for the 
Data Transceivers. 
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IEEE-488 Bus Interface Module 


The TMS 9914 GPIB Adapter device provides hardware control 
of the IEEE-488 bus interface, using firmware subroutines pro- 
vided in ROM. All bus interface lines are buffered by the GPIB 
Data and Control Transceivers, to conform to the electrical 
specifications of the IEEE-488 Standard. These lines are brought 
out through a cable to a standard IEEE-488 connector. An 
additional connector provides an external trigger output not 
defined by the IEEE-488 Standard. 


The System Controller Select circuit allows manual selection 
of System Controller capabilities in multiple controller con- 
figurations. 


The GPIB Sense Buffer allows the GPIB Sense Switches to be 
read for Device Talk/Listen Address, Talk or Listen Disable, and 
Dual Primary Address Mode selection. The GPIB Status Latch 
latches the positions of the GPIB Sense Switches and displays 
them on the GPIB Status Indicators. This allows a visual veri- 
fication of the Device Talk/Listen Address and Operating modes. 


ON-BOARD PROGRAM ROM FIRMWARE 


The Program ROM firmware completely supports all 12 Bus 
functions described in the IEEE-488, 1978 Standard, as well as 
features of the TMS 9914 GPIB Adapter device not defined in 
the Standard. These utility functions make both the Bus protocol 
and the GPIB Adapter device transparent to the programmer. 
The firmware, organized as subroutines, is linked to the user 
program through a jump table. Many of these routines are inter- 
rupt-driven, to minimize the processor time in servicing the 
module. User-alterable vectors and parameters are located in 
RAM, to allow custom applications. Output data or commands 
for the Bus are handied as tables, easing the set-up and transfer 
of information. Extensive error checking by the utility subrou- 
tines allow resident or user-provided error handling routines to 
ensure proper operation of the module, the IEEE-488 Bus and 
status of data transfer. Two self-test routines verify proper 
module operation. 


The firmware is compatible with the input/output functions in the 
AIM 65 Debug Monitor and the АМ 65/40 /O ROM. 


АМ65-7102Е 


RM 65 
8125 СОММЕСТОВ 


DATA 


BUS ACTIVE 


ADDRESS 


TIMING 
AND 
CONTROL 


BANK 
ADDRESS 


DMA REQUEST 


PROGRAMI 
ROM 


TMS 9914 


ADDRESS GPIB 
BUFFERS ADAPTER 
DEVICE 
RDM 
DISABLE 


JUMPEA 


SYSTEM 


а CONTRDLLER 
A 
CONTROL DECODER SELECT 


BUFFERS 


BANK SELECT 
ENABLE 
SWITCH 


BANK 
SELECT 
CDNTROL 


GPIB SENSE 


BASE 
AODRESS 
SWITCHES 


BUFFER 


BANK SELECT 
SWITCH 


GPiB STATUS 


DMA LATCH 


CHANNEL 
JUMPER 


IEEE-488 Bus Interface Module Block 


IEEE-488 Bus Interface Module 


EXTERNAL 
TRIGGER 
PINS 


TRIGGER 


GPIB 


DATA DATA 
TRANSCEIVERS 
GPIB HANDSHAKE 
CONTROL AND 
TRANSCEIVERS CONTROL 
RIBBON IEEE-488 
CABLE BUS 
CONNECTOR — CONNECTOR 


SYSTEM 
CONTROLLER 
SWITCH 


GPIB SENSE 
SWITCHES 


GPI8 STATUS 
INOICATORS 


Diagram 
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RM65-7102E IEEE-488 Bus Interface Module 


IEEE-488 Bus Interface Connector Pin Assignments 


Signal Input/ Signal Input/ 
Pin Mnemonic Signal Name Output Pin Mnemonic Signal Name Output 
1 DIO1 Data Input/Output 1 | vO 13 005 Data Input/Output 5 [Де] 
2 0:02 Data Input/Output 2 VO 14 0106 Data Input/Output 6 vo 
3 003 Data Input/Output 3 [Ге] 15 0107 Data Input/Output 7 vO 
4 0:04 Data Input/Output 4 VO 16 008 Data Input/Output 8 Ше] 
5 ЕО! End or Identify Џој 17 АЕМ Remote Enable Џој 
6 DAV Data Available Ше] 18 GND Ground МА 
7 МАРО Not Ready for Data Ше] 19 GND Ground N/A 
8 NDAC Not Data Accepted е] 20 GND Ground NA 
9 IFC Interface Clear [е] 21 GND Ground N/A 
10 SRQ Service Request yo 22 GND Ground N/A 
11 ATN Attention [еј 23 GND Ground NA 
12 SHIELD Ground NA 24 GND Logic Ground NA 
External Trigger Pin Assignments 
| Pin Signal Mnemonic Signal Name Input/Output 
1 TRIG Trigger Out о 
2 GND Ground 
RM 65 Bus Pin Assignments 
Bottom (Solder Side) Top (Component Side) 
Signal | Signal 
Pin Mnemonic Signal Name Pin Mnemonic Signal Name 
1а GND Ground 1c Г +5V +5 Vde 
2a BADR Buffered Bank Address 2c BA15/ Buffered Address Bit 15 
3a GND Ground 3c BA14/ Buffered Address Bit 14 
да ВА13/ Buffered Address Bit 13 4c BA12/ Buffered Address Bit 12 
Ба ВА11/ Buffered Address Bit 11 5c GND Ground 
6a BA10/ Buffered Address Bit 10 6c BA9/ Buffered Address Bit 9 
7a ВА8/ Вићегед Аддгез5 ВИ 8 7с ВА7/ Buffered Address Bit 7 
8a GND Ground 8c ВАб/ Buffered Address Bit 6 
Эа ВА5/ Buffered Address Bit 5 9c ВА4/ Buffered Address Bit 4 
10a BAY Buffered Address Bit 3 10с GND Ground 
11а BA2/ Buffered Address Bit 2 11c BA1/ Buffered Address Bit 1 
12a ВАО/ Buffered Address Bit 0 12с Bfi *Buffered Phase 1 Clock 
13a GND Ground 13c BSYNC “Buffered Sync 
14a BSO *Buffered Set Overflow 14c BDRQ1/ Buffered DMA Request 1 
15a BRDY *Buffered Ready 15c GND Ground 
16a *User Spare 1 16c —12Vj-V *—12 Vdc/-V 
17a +12V/+V *-12 Vde/+V 172 *User Spare 2 
18a GND Ground Line 18с BFLT/ *Buffered Bus Float 
19a BDMT/ “Buffered DMA Terminate 19¢ B¢go *Buffered External Phase 0 Clock 
20a ки “User Spare 3 20с GND Ground 
21а BR/W/ Buffered Read/Write "Not" 21с BDRQ2/ Buffered DMA Request 2 
22a *System Spare 22c BRW Buffered Read/Write 
23a GND Ground 23c BACT/ Buffered Bus Active 
24a BIRQ/ Buffered Interrupt Request 24c BNMI/ *Buffered Non-Maskable Interrupt 
25a Bf2/ Buffered Phase 2 “Not” Clock 25c GND Ground 
26a вфг Buffered Phase 2 Clock 26с BRES/ Buffered Reset 
27a BD7/ Buffered Data Bit 7 27с BD6/ Buffered Data Bit 6 
28a | GND Ground 28с BD5/ Buffered Data Bit 5 
29a | BD4/ Buffered Data Bit 4 29с BD3/ Buffered Data Bit 3 
30a BD2/ Buffered Data Bit 2 30c GND Ground 
31a BD1/ Buffered Data Bit 1 31c BDO/ Buffered Data Bit 0 
32a +5V +5 Vde 32c GND Ground 
Note: 
*Not used on this module. 
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RM65-7102E ЈЕЕЕ-488 Bus Interface Module 


SPECIFICATIONS 
Parameter Value 
| Dimensions (1, 2, 3) 
Width 3.9 п. (100 тт} 
Length 6.3 іп. (160 mm) 
Height 0.56 in. (14 mm) 
= - 
Weight 5.0 02. (140 g) 
Environment 
Operating Temperature 0°C to 70°C 
Storage Temperature —40°C to +85°C 
Relative Humidity 0% to 85% (without condensation) | 
Power Requirements +5 Vde +5% @ 0.65A (3.25W)—Typical 
1.0А (5.25W)—Maximum 
Interface 
RM 65 Bus Interface 64-pin plug (0.100 іп. centers) per DIN 41612 (Row b not installed) 
Module 
VO Interface 
Cable Receptacle 26-pin mass terminated (0.100 in. centers) 
Trigger Connector Two vertical wire wrap pins (0.3 in. high on 0.200 in. centers) 
IEEE-488 Bus Interface Cable 
IEEE-488 Bus Connector 24-pin mass terminated (2.16 mm centers) with metric thread lock 
screws (Amphenol 57 or equivalent) 
Module Connector 26-pin mass terminated (0.100 in. centers) 
Cable Length 8 inches 
Type Fiat ribbon 
Number of Conductors 24 
Wire Size #28 AWG 
Notes: 1 
1. Height includes the maximum values for component height above the board surface (0.4 іп. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 
2. Length does not include the added extension due to the module ejector. 
3. Dimensions conform to DIN 41612 


6.8 IN. MATING 
(172 MM) MOTHERBOARD 


AND RECEPTACLE 
-LENGTH "| 


ul EUROCARD CONNECTOR 
| RIBBON CABLE 
n RECEPTACLE ү COMPONENT Ке 
Џ 
f 
l 
| "A 
1 
it 
] 
E 
1ЕЕЕ-488 | 
|,“ Bus CONNECTOR EUROCONNECTOR | 
EXTENSION 


Module Dimensions 
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АМ65-7104Е 
RM 65 Microcomputer Family 


RM65-7104E 


RM 65 ADAPTER/BUFFER FOR AIM 65 


Rockwell 


RM 65 MICROCOMPUTER MODULES 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 Module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell's AIM 65 
Microcomputer for product development and for a broad variety 
of portable or desktop microcomputer applications. 


ORDERING INFORMATION 


Part No. Description 
RM65-7104E Adapter Buffer for AIM 65 


FEATURES 


e RM 65 Bus Compatible 

e Buffered address data and control lines 
e Drives up to 15 modules 

e Fully assembled, tested and warranted 


PRODUCT OVERVIEW 


The RM65-7104E Adapter/Buffer extends the AIM 65 Expan- 
Sion Bus from the AIM 65 Expansion Connector to an RM 65 
Bus motherboard that is situated up to 16 inches away. Included 
circuitry permits the Adapter/Buffer to drive up to 15 RM 65 Bus- 
compatible modules. (The similar Cable Driver Adapter/Buffer, 
Part Number RM65-7116, provides the same drive capability for 
applications in which the motherboard is up to six feet from the 
Expansion Connector.) 


The Adapter/Buffer consists of an adapter module, a buffer 
module and two 16-inch interconnect cables. Both cables are 
flexible, so the motherboard may be installed in a wide variety 
of locations and orientations relative to the AIM 65. 


RM65-7104E Adapter/Buffer for AIM 65 


вани“ ____---___ =“ ___ = ТЫ ыы нын, ы ЕЕ Ana RR д МЧС лі ____--____-_- ________-_-._-. _____- об 
Document Мо. RMA65N04 Data Sheet Order No. RM04 
Rev. 2, May 1983 
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RM65-7104E 


FUNCTIONAL DESCRIPTION 


The Adapter/Buffer consists of two modules and two intercon- 
nect cables. The Adapter module connects to the AIM 65 
Expansion connector and the Buffer module connects to an RM 
65 Bus motherboard receptacle. 


The Adapter module transfers data, address and control lines 
from AIM 65 Expansion Connector to the interconnect cables. 
The eight data and 16 address lines are routed directly, without 
buffering. The read/write, clock, sync and reset AIM 65 output 
control lines are also routed directly through the Adapter. The 
ready, set overflow, interrupt request and non-maskable inter- 
rupt AIM 65 input lines are buffered on the module. 


Two 16-inch 40 conductor flat ribbon cables connect the Adapter 
module to the Buffer module. The cables are mass terminated 
at each end, and are permanently attached to the interfacing 
module. 


The Buffer module buffers and routes all interface signals 
between the interconnect cables and the RM 65 Bus connector. 


The Data Transceivers invert and drive 8-bits of parallel data. 
During a write operation, data received from the cables are 
driven onto the RM 65 Bus. During a read operation, data 
received from the RM 65 Bus are driven onto the cables. The 
bus active signal enables the Transceivers. When the bus float 
signal is active, the Transceivers are disabled. 


The Address Buffers invert and transfer 16 parallel address lines 
from the interconnect cable to the RM 65 Bus. When the bus 
float signal is active, the Buffers are disabled. 


Jumper E1 selects the source for the bank address line 
(BADR/)—either the buffer module or an external module. When 
the buffer module is the source (position A), the bank address 
line is held high to address Bank 0 (Lower 65K) on the Bus; this 
line is disabled when the bus float line is active. For an external 
Source (position B), the bank address line is not used by the 
buffer module, and must be controlled by another module on 
the Bus. 


The seven read/write, clock, sync and reset lines from the 
cables to the bus are buffered by the Control Drivers. All of these 
lines, except reset and phase 1, are disabled when the bus float 
line is active. The ready, set overflow, interrupt request and non- 
maskable lines from the bus to the interconnect cables are also 
buffered by the Control Drivers. 
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RM 65 Adapter/Buffer for AIM 65 


Jumper E2 selects the source for the DMA Terminate line 
(BDMT/)—either the buffer module or an external module. When 
the buffer module is the source (position A), the DMA terminate 
line is held high (inactive). For an external source (position B), 
the DMA terminate line is not used by the buffer module, and 
must be controlled by another module on the bus. 


INSTALLATION/REMOVAL 


Installing the Adapter/Buffer 


Before installing the module, inspect for damage and grease, 
dirt, liquid or other foreign material that will affect performance. 


a. Before installing the Adapter/Buffer, turn off power to the AIM 

65 and the interfacing RM 65 Bus motherboard. 

. Configure Jumpers E1 and 22, per the Functional Description. 

. Align the Adapter module connector J3 pin 1 with the AIM 
65 Expansion Connector J3 pin 1. 

. Plug the Adapter module onto the Exoansion Connector. 
Press in firmly on the end of module until all pins are securely 
seated. 

. Install connector P1 of the Buffer module into the desired slot 
on the mating RM 65 Bus motherboard. 


CAUTION 


RM 65 Bus connectors are keyed to prevent 
improper module connection. If the module does not 
insert into the receptacle with moderate pressure 
applied, check the orientation and connector align- 
ment of the module. Forcing the module improperly 
into the receptacle may damage the receptacle and/ 
or the module. 


f. Apply power to the AIM 65 and to the mating RM 65 Bus 
motherboard. 


Removing the Adapter/Buffer 


a. Turn off power to the AIM 65 and to the RM 65 Bus 
motherboard. 

b. Lift upon the Buffer module ejector tab to release the module 
from the mating RM 65 Bus receptacle. Pull the module 
straight back until it is free from the card slot guides. 

Pull back on the Adapter module while moving it slightly from 
side to side until it is free from the AIM 65 Expansion 
Connector. 


RM65-7104E RM 65 Adapter/Buffer for AIM 65 


Buffer Module to RM 65 Bus Connector Pin Assignments 


Bottom (Solder Side) 4 Тор (Component Side) 
Signal Input/ Signal 
Mnemonic Signal Name | Output Pin Mnemonic Signai Name Output 
GND Ground 1а +5 Мас 
ВАОР/ Buffered Bank Address о 2а 2с ВА15/ Buffered Address Bit 15 о 
GND Ground 3a 3c BA14/ Buffered Address Bit 14 о 
ВА13/ Buffered Address Bit 13 о 4а 4с ВА12/ Buffered Address Bit 12 о 
ВА11/ Buffered Address Bit 11 о 5а 5c GND Ground 
BA10/ Buffered Address Bit 10 о ба 6c ВА9/ Buffered Address Bit 9 о 
ВАВ/ Buffered Address Bit 8 о та 7с ВА?/ Buffered Address Bit 7 о 
GND Ground Ва 8с ВАб/ Buffered Address Bit 6 о 
ВА5/ | Buffered Address Bit 5 о 9а 9с ВА4/ Buffered Address Bit 4 о 
ВАЗ/ Buffered Address Bit 3 о 10а 10с GND Ground 
ВА2/ Buffered Address Bit 2 О 11а tic ВА1/ Buffered Address Bit 1 [e] 
ВАО/ Buffered Address Bit 0 о 12а 12с Bf Buffered Phase 1 Clock О 
GND Ground 13a 13с BSYNC Buffered Sync [9] 
BSO Buffered Set Overflow | 14а 14c BDRQ1/ *Buffered DMA Request 1 
BRDY Buffered Ready 1 15а 15c GND Ground 
*User Spare 1 16a 16c —12V/-V *—12 удс/-У 
+12V/+V *~12 Vde/+V 17a 17с *User Spare 2 
GND Ground Line 18a 18c BFLT/ Buffered Bus Float [ 
BDMT/ Buffered DMA Terminate 19a 19с Bpo *Buffered External Phase 0 Clock 
*User Spare 3 20a 20c GND Ground 
BRW Buffered Read/Write “Not” о 21а 21с BDRQ2/ *Buffered DMA Request 2 
*System Spare 22a 22c BR/W Buffered Read/Write о 
GND Ground 23a 23с ВАСТ/ Buffered Bus Active 1 
BIRQ/ Buffered Interrupt Request 1 24а 24с BNMI/ Buffered Non-Maskable Interrupt І 
в@2/ Buffered Phase 2 “Not” Clock о 25а 25c GND Ground 
вф2 Buffered Phase 2 Clock о 26а 26c BRES/ Buffered Reset [е] 
BD7/ Buffered Data Bit 7 vo 27a 27с BD6/ Buffered Data Bit 6 Џој 
GND Ground 28a 28c BD5/ Buffered Data Bit 5 vo 
BD4/ Buffered Data Bit 4 vo 29a 29c BDZ Buffered Data Bit 3 vo 
BD2/ Buffered Data Bit 2 vO 30a 30с GND Ground 
BD1/ Buffered Data Bit 1 vo 31a 31c BDO/ Buffered Data Bit 0 vo 
+5V +5 Vde 32a 32c GND Ground 
Note 
“Мой used оп this module. 
BUFFER MODULE 
6BIN. MATING 
(172 MM) MOTHERBOARD 
ADAPTER MODULE ANP RECEPTACLE 
LENGTH 
ae] /“ 1 B 
CABLE 2 
БІН WIDTH EUROCARD VERSION 


EXTENSION 
EUROCARD CONNECTOR 


COMPONENT AREA 
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RM65-7104E RM 65 Adapter/Buffer for AIM 65 


Adapter Module to AIM 65 Expansion Connector Pin Assignments 


Top (Component Side) Bottom (Solder Side) 
Signal Input/ Signal 
Mnemonic Signal Name Output Pin Pin Mnemonic Signal Name 
SYNC SYNC 1 1 А AO Address Bit 0 
RDY Ready о 2 B A1 Address Bit 1 
[4 Phase 1 Clock | 3 с A2 Address Bit 2 
10 Interrupt Request о 4 D АЗ Address Bit 3 
8.0. Set Overflow о 5 Е А4 Addr®es Bit 4 
NMI Non-Maskable Interrupt о 6 Е АБ Address Bit 5 
RES Reset о 7 H Аб Address Bit 6 
07 Data Bit 7 Ше] 8 Ј А? Address Bit 7 
D6 Data Bit 6 yo 9 K A8 Address Bit 8 
D5 Data Bit 5 VO 10 L AQ Address Bit 9 
D4 Data Bit 4 Ше] 11 M A10 Address Bit 10 
D3 Data Bit 3 vO 12 N А11 Address Bit 11 
D2 Data Bit 2 vO 13 Р А12 Address Bit 12 
01 Data Bit 1 yo 14 R A13 Address Bit 13 
DO Data Bit 0 vO 15 5 А14 Address Bit 14 
-12У 5-12 Мас 16 T A15 Address Bit 15 
+12V *+12 Мас 17 U SYS @2 System Phase 2 Ciock 
668 "Спір Select 8 18 V SYS R/W System Read/Write 
CS9 "Chip Select 9 19 м RW Read/Write "Not" 
CSÀ *Chip Select A 20 X TEST “Test 
+5V +5 Vde 21 У 02 Phase 2 Clock "Not" 
L GND Ground 22 | 2 RAM ВАМ — |*RAM Read/Write 
Note 
* = Not used on this module. 
CONNECT TD 
AIM 65 CONNECT TO 
CONNECTOR ADAPTER MODULE BUFFER MODULE RECEPTACLE 
TWO 16 INCH CABLES 
BUS ACTIVE 
DATA DATA 
BUS FLOAT 
ADDRESS 
ADDRESS 


BANK ADDRESS 


CLOCK 
AND CDNTROL 7 CLDCK 
с —^— 
ONTRDL CONTROL 4 BUFFERS 4 AND 
BUFFERS m чи CDNTROL 


--6 $; ОМА TERMINATE 
E2 ув [0 
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ADAPTER/BUFFER SCHEMATIC 
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RM65-7104E RM 65 Adapter/Buffer for AIM 65 


SPECIFICATIONS 


Parameter Value 


Dimension (See Notes) 
Adapter Module 


Width 4.4 in. (111 тт) 
Length 2.6 in. (67 mm) 
Height 0.56 in. (14 тт) 
Buffer Module 
Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 
Height 0.56 in. (14 mm) 
T 
Weight 7.2 oz. (205 9) 
Power E +5\ = 5% 30 mA (0.15W)-- Typical 
Adapter Module 50 mA (0.25W)-—Maximum 
+5V + 5% 190 mA (0.95W)]— Typical 
Buffer Module 330 mA (1.7W)-—Maximum 
Environmental 
Operating Temperature 0°C to 70°C 
Storage Temperature —40*C to 85°C 
Relative Humidity 0% to 85% (without condensation) 221 
Propagation Time | 20 ns—Maximum > E 
Interface Connectors 
AIM 65 Expansion Connector 22/44 —edge receptacle 
(0.156 in. centers) 
RM 65 Bus 64-pin plug (0.100 in. centers) per DIN 41612 
(Row b is not installed) 
Interface Cables f 
Number of Cables Two 
Cable Length 16 inches 
Type Flat ribbon 
Number of conductors per cable 40 
Wire Size #28 AWG 


Notes: 

1. The height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.) 

2. The length does not include extensions beyond the edge of the module due to the connectors or the module ejector. 

3. The Adapter Module dimensions conform to DIN 41612. 
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RM 65 MICROCOMPUTER MODULES 


The RM65-7116E Cable Driver Adapter/Buffer is one of the 
hardware options available for the RM 65 Microcomputer Module 
family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
Offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 Micro- 
computer for product development and for a broad variety of 
portable or desktop microcomputer applications. 


ORDERING INFORMATION 


Part No. 
НМ65-7116і 


Description 
Cable Driver Adapter Buffer for AIM 65 


RM65-7116E 
RM 65 Microcomputer Family 


RM65-7116E 


RM 65 CABLE DRIVER 
ADAPTER/BUFFER FOR AIM 65 


FEATURES 


e RM 65 Bus compatible 
e Buffered address data and control lines 
e Drives up to 15 modules 

• Long cable for distances of up to 6 feet 
e Fully assembled, tested and warranted 


PRODUCT OVERVIEW 


The RM65-7116E Cabie Driver Adapter/Buffer extends the AIM 
65 Expansion Bus from the AIM 65 Expansion Connector to an 
RM 65 Bus motherboard that is situated up to six feet away. 
included circuitry permits the Cable Driver Adapter/Buffer to 
drive up to 15 RM 65 Bus-compatible modules. (The similar 
Adapter/Buffer, Part Number RM65-7104, provides the same 
drive capability for applications in which the motherboard need 
not be more than 16 inches from the Expansion Connector.) 


The Cable Driver Adapter/Buffer consists of a cable driver 
adapter module, a buffer module and two 6-foot interconnect 
cables. Both cables are flexible, so the motherboard may be 
installed in a wide variety of locations and orientations relative 
to the AIM 65. 


RM65-7116E Cable Driver Adapter/Buffer for AIM 65 


Document Мо. RMA65N22 
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Data Sheet Order No. RM22 
Rev. 1, June 1983 


RM65-7116E 


FUNCTIONAL DESCRIPTION 


The Cable Driver Adapter/Buffer consists of two modules and 
two interconnect cables. The Adapter Module connects to the 
AIM 65 Expansion connector and the Buffer module connects 
to an RM 65 Bus motherboard receptacle. 


The Cable Driver Adapter module buffers data, address and 
control lines between the AIM 65 Expansion Connector and the 
interconnect tables. 


The Data Transceivers drive 8-bits of parallel data. During a 
write operation, data received from the AIM 65 are driven onto 
the cables. During a read operation, data received from the 
cables are driven into the AIM 65. The bus active signal enables 
the Data Transceivers. 


The Address Buffers drive 16-bits of parallel data from the AIM 
65 onto the cables. 


The Control Buffers transfer the timing and control signals 
between the AIM 65 and the cables. The seven read/write, 
Clock, sync, and reset lines are driven from the AIM 65 onto the 
cables. The four ready, set overflow, interrupt request and non- 
maskable interrupt lines are driven from the cables onto the 
AIM 65. 


Two 6-foot 40 conductor flat ribbon cables connect the Cable 
Driver Adapter module to the Buffer module. The cables are 
mass terminated at each end, and are permanently attached to 
the interfacing module. 


The Buffer module buffers and routes all interface signals 
between the interconnect cables and the RM 65 Bus connector. 


The Data Transceivers invert and drive 8-bits of parallel data. 
During à write operation, data received from the cables are 
driven onto the RM 65 Bus. During a read operation, data 
received from the RM 65 Bus are driven onto the cables. The 
bus active signal enables the Transceivers. When the bus float 
signal is active, the Transceivers are disabled. 


The Address Buffers invert and transfer 16 parallel address 
lines from the interconnect cable to the RM 65 Bus. When the 
bus float signal is active, the Buffers are disabled. 


Jumper E1 selects the source for the bank address line 
(BADFy)—either the buffer module or an external module. When 
the buffer module is the source (position А), the bank address 
line is held high to address Bank 0 (lower 65K) on the Bus; this 
line is disabled when the bus float line is active. For an external 
source (position B), the bank address line is not used by the 
buffer module, and must be controlled by another module on 
the Bus. 


The seven read/write, clock, sync and reset lines from the 
cables to the bus are buffered by the Control Buffers. All of 
these lines, except reset and phase 1, are disabled when the 


Cable Driver Adapter/Buffer for AIM 65 
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bus float line is active. The ready, set overflow, interrupt request 
and non-maskable lines from the bus to the interconnect cables 
are also buffered by the Control Buffers. 


Jumper E2 selects the source for the DMA Terminate line 
(BDMT/)—either the buffer module or an external module. When 
the buffer module is the source (position A), the DMA terminate 
line is held high (inactive). For an external source (position B), 
the DMA terminate line is not used by the buffer module, and 
must be controlled by another module on the bus. 


INSTALLATION/REMOVAL 


CABLE DRIVER ADAPTER/BUFFER INSTALLATION 


CAUTION 


RM 65 Bus connectors are keyed to prevent improper 
module connection. If the module does not insert into the 
receptacle with moderate pressure applied, check the 
orientation and connector alignment of the module. Forcing 
the module improperly into the receptacle may damage 
the receptacle and/or the module. 


a. Before installing the Cable Driver Adapter/Buffer, turn off 
power to the AIM 65 and the interfacing RM 65 Bus 
motherboard. 


b. Configure Jumpers E1 and E2, per the Functional Description 


c. Align Cable Driver Adapter module connector J3 pin 1 with 
the АМ 65 Expansion Connector J3 ріп 1. 


d. Plug the Cable Driver Adapter module onto the Expansion 
Connector. Press in firmly on the end of module until all pins 
are securely seated. 


е. Install connector P1 of the Buffer module into the desired slot 
on the mating RM 65 Bus motherboard. 


f. Apply power to the АМ 65 and to the mating RM 65 Виз 
motherboard. 


CABLE DRIVER/ADAPTER/BUFFER REMOVAL 


а. Turn off power to the AIM 65 and to the RM 65 Bus 
motherboard. 


b. Liftupon the Buffer module ejector tab to release the module 
from the mating RM 65 Bus receptacle. Pull the module 
straight back until it is free from the card slot guides. 


c. Pull back on the Cable Driver module while moving it slightly 
from side to side until it is free from the AIM 65 Expansion 
Connector. 


RM65-7116E Cable Driver Adapter/Buffer for AIM 65 


Buffer Module to RM 65 Bus Connector Pin Assignments 


| Bottom (Solder Side) Top (Component Side) 
ЭЕТ" к 
Signal Input/ Signal Input/ 
Pin Mnemonic Signal Name Output Pin Mnemonic Signal Name || Output 
1a GND Ground T іс +5М КЕН +5 Мас 
га BADR/ Buffered Bank Address о 2c BA15/ Buffered Address Bit 15 о 
За GND Ground 3c BA14/ Buffered Address Bit 14 о 
да ВА13/ Buffered Address Bit 13 о 4c ВА12/ Buffered Address ВИ 12 о 
Ба ВА11/ Buffered Address Bit 11 о 5c GND Ground 
6a BA10/ Buffered Address Bit 10 о 6c BA9/ Buffered Address Bit 9 о 
7а ВА8/ Buffered Address Bit 8 о 7C ВА7/ Buffered Address Bit 7 о 
8a GND Ground 8c ВАб/ Buffered Address Bit 6 о 
Эа BA5/ Buffered Address Bit 5 о 9c ВА4/ Buffered Address Bit 4 о 
10а ВАЗ/ Buffered Address Bit 3 о 10с амр Ground 
11а ВА2/ Buffered Address Bit 2 о tic ВА1/ Buffered Address Bit 1 о 
12а ВАО! Buffered Address Bit 0 о 12с вд Buffered Phase 1 Clock о 
13a GND Ground 13c BSYNC Buffered Sync о 
14а BSO Buffered Set Overflow 1 14с BDRQ1/ *Buffered DMA Request 1 
15a BRDY Buffered Ready | 15с GND Ground 
16a *User Spare 1 16c —12V/-V *—12 Vdc/-V 
17a +12V/+V | *+12 Vdc/-V 17c *User Spare 2 
18а амр Ground Line 18c BFLT/ Buffered Bus Float 1 
19а BDMT! Buffered DMA Terminate 19¢ Bo *Buffered External Phase 0 Clock 
20a *User Spare 3 20c GND Ground 
21a BR/W/ Buffered Read/Write “Not” о 212 BDRQ2/ “Buffered DMA Request 2 
22a *System Spare 22с ВАЛА Buffered Read/Write о 
23a GND Ground 23c BACT/ Buffered Bus Active | 
24а BIROQ Buffered Interrupt Request | 24c ВММ// Buffered Non-Maskable interrupt І 
25а вў2/ Buffered Phase 2 "Not" Clock о 25с GND Ground 
26a Bo Buffered Phase 2 Clock о 26с BRES/ Buffered Reset о 
27а BD7/ Buffered Data Bit 7 vO 27с BD6/ Buffered Data Bit 6 vO 
28a GND Ground 28с BD5/ Buffered Data Bit 5 vO 
29a BD4/ Buffered Data Bit 4 О 29с врз/ Buffered Data Ви 3 yo 
30a BD2/ Buffered Data Bit 2 yo 30c GND Ground 
31a BD1/ Buffered Data Bit 1 yo 31c BDO/ Buffered Data Bit 0 vO 
32a +5V +5 Vde 32с GND Ground 
Note: 
“Not used on this module. 
CABLE DRIVER ADAPTER MODULE BUFFER MODULE DIMENSIONS 
6.8 IN. MATING 
i= LENGTH 2] CABLE 1 {172 ММ) MOTHERBOARD 


AND RECEPTACLE 


LENGTH 


CABLE 2 


WIOTH 


WIDTH 


EXTENSION 
EUROCARD CONNECTOR 


COMPONENT AREA 


HEIGHT [з= эры, ы ee 
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Cable Driver Adapter Module to AIM 65 Expansion Connector Pin Assignments 


Top (Component Side) Bottom (Solder Side) 
Signal | Input/ Signal Input/ 
Pin Mnemonic Signal Name Output Pin Mnemonic | Signal Мате Output 
1 SYNC | SYNC || | | А А0 Address Bit 0 Т | 
2 RDY Ready о В А1 Address Bit 1 Џ 
3 01 Phase 1 Clock | с А2 Address Bit 2 | 
4 IRQ Interrupt Request о D A3 Address Bit 3 1 
5 8.0. Set Overflow о Е А4 Address Bit 4 | 
6 NMI Non-Maskable interrupt о Е А5 Address Bit 5 р 
7 RES Reset о H A6 Address Bit 6 | 
8 07 Data Bit 7 vO J A7 Address Bit 7 і 
9 06 Data Bit 6 Џој K Ав Address Bit 8 | 
10 05 Data Ви 5 Џој L AQ Address Bit 9 | 
11 04 Data Bit 4 yo M A10 Address Bit 10 і 
12 D3 Data Bit 3 Џој М А11 Address Bit 11 | 
13 02 Data Bit 2 [ој Р А12 Address Bit 12 Џ 
14 01 Data Bit 1 [fe R A13 Address Bit 13 ! 
15 00 Data Bit 0 Џој 5 А14 Address Bit 14 | 
16 —-12V 5-12 Мас T A15 Address Bit 15 Џ 
17 +12V *+12 Мас 9 SYS 02 System Phase 2 Clock | 
18 css "стр Select 8 V SYS R/W System Read/Write | 
19 CS9 "Chip Select 9 уу РМ Read/Write "Not" | 
20 CSA *Chip Select A X TEST “Test 
21 +5V +5 Мас У 02 Phase 2 Clock “Not” | 
22 GND Ground d | 2 RAM R/W | ВАМ Read/Write 21 24 
| Note: 
* = Not used on this module. 
CABLE DRIVER BUFFER 
CONNECT TO ADAPTER MODULE MODULE 
AIM 65 TWO 6 FOOT CABLES CONNECT TO 
EXPANSION RM 65 BUS 
CONNECTOR RECEPTACLE 


BUS ACTIVE 


DATA 
TRANSCEIVERS 


ADDRESS 
BUFFERS 


CONTROL 


DATA 
TRANSCEIVERS 


DATA 


BUS FLOAT 


16 ADDRESS 


ADDRESS BUFFERS 


ADDRESS 


BANK ADDRESS 


CLOCK 
AND 


CONTROL CLOCK 
CONTROL BUFTERE 4 BUFFERS AND 
CONTROL 


DMA TERMINATE 


Cable Driver Adapter/Buffer Block Diagram 
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CABLE DRIVER ADAPTER/BUFFER SCHEMATIC 
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RM65-7116E 
SPECIFICATIONS 


Cable Driver Adapter/Buffer for AIM 65 


Parameter 


Vaiue 


Dimensions (1, 2, 3) 
Cable Driver Adapter Module 


Width 4.4 in. (111 тт) 

Length 5 in. (127 mm) 

Height 0.56 in. (14 mm) 

Buffer Module 

Width 3.9 in. (100 mm) 

Length 6.3 in. (160 mm) 

Height 0.56 in. (14 mm) 
Weight 1.0 Ib (450 g) 
Power 


Cable Driver Adapter Module 


Buffer Module 


+5V + 5% 30 mA (0.15W)—Typical 
275 тА (0.25W)— Maximum 

+5V + 5% 190 тА (0.95W)— Typical 

330 mA (1.7W)—Maximum 


Environment 
Operating Temperature 
Storage Temperature 
Relative Humidity 


0°C to 70°C 
—40°С to +85°C 
0% to 85% (without condensation) 


Propagation Time 


50 ns—Maximum 


interfaces 
Interface Connectors 
AIM 65 Expansion Connector 


RM 65 Bus 


Interface Cables 
Number of Cables 
Cable Length 
Type 


Number of conductors per cable 


Wire Size 


22/44— edge receptacle (0.156 in. centers) 


64-pin plug (0.100 in. centers) per DIN 41612 (Row b is not installed) 


Two 

6 feet 

Flat ribbon 
40 

#28 AWG 


Notes: 


1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 
2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 


3. Dimensions conform to DIN 41612. 
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RM65-7141E 
RM 65 Microcomputer Family 


RM65-7141E 
RM 65 ADAPTER CABLE AND 
BUFFER MODULE FOR AIM 65/40 


RM 65 MICROCOMPUTER MODULES 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 Module products use a motherboard interconnect con- 
cept and accepts any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


ORDERING INFORMATION 


RM65-7141E 


Descriptlon 
Adapter Cable and Buffer Module for AIM 65/40 


PRODUCT OVERVIEW 


The RM65-7141E Adapter Cable and Buffer Module extends the 
AIM 65/40 Expansion Bus from the AIM 65/40 Expansion Con- 
nector to RM 65 Bus motherboard that is situated up to two 
meters (78 inches) away. On-board circuitry permits the buffer 
module to drive up to 15 RM 65 Bus-compatible modules. 


The Adapter Cable and Buffer Module consists of a buffer 
module and a 2-meter interconnect cable. The cable is flexible, 
so the motherboard may be installed in a wide variety of loca- 
tions and orientations relative to the AIM 65/40 SBC module. 


FEATURES 


e RM 65 Bus compatible 

e Buffered address, data and control lines 
e Drives up to 15 modules 

e Long cable for distances up to 2 meters 
e Edge connector and Eurocard versions 

e Fully assembled, tested and warranted 


RM65-7141E Adapter Cable and Buffer Module for AIM 65/40 


Document No. RMA65N25 


Data Sheet Order No. RM25 
Rev. 1, May 1983 


RM65-7141E 


FUNCTIONAL DESCRIPTION 


The RM65-7141E Adapter Cable and Buffer Module consists of 
one module and one interconnect cable. The cable connects to 
the AIM 65/40 SBC module Expansion connector and the module 
connects to an RM 65 Bus motherboard receptacle. 


The two meter 64-conductor flat ribbon cable connects the AIM 
65/40 SBC module to the buffer module. The cable is mass ter- 
minated at each end. One end of the cable connects to the SBC 
module Expansion connector (Euro connector) and the other 
end connects to the buffer module. 


The module buffers and routes ail interface signals between the 
interconnect cable and the RM 65 Bus connector. 


The Data Transceivers (76) invert and drive 8-bits of parallel 
data. During a write operation, data received from the cable are 
driven onto the RM 65 Bus. During a read operation, data 
received from the RM 65 Bus are driven onto the cable. The 
bus active signal (BACT/) enables the Transceivers. When the 
bus float signal (BFLT/) is active, the Transceivers are disabled. 


The Address Buffers (71 and Z3) invert and transfer 16 parallel 
address lines from the interconnect cables to the RM 65 Bus. 
When the bus float signal (BFLT/) is active, the Buffers are 
disabled. 


Jumper E1 selects the source for the bank address line 
(BADR/)—either the AIM 65/40 SBC тосіше or another con- 
trolling module on the RM 65 Bus. When the AIM 65/40 SBC 
module is the source (position A), the bank address line 
(BADR/) is sourced by the AIM 65/40 SBC module; this line is 
disabled when the bus float line (BFLT/) is active. For an external 
Source (position B), the bank address line is not used by the 
buffer module, and must be controlled by another module on 
the RM 65 Bus. 


The read/write (BR/W and BR/W/), clock (802, В02/ and В01), 
BSYNC and reset (BRES/) lines from the cable to the bus are 
buffered by the Control Buffers (Z5). All of these lines, except 
BRES/ and B01 are disabled when the bus float line (BFLT/) is 
active. The ready (BRDY), set overflow (850), interrupt request 
(BIRQ/) and non-maskable interrupt (BNMI/) lines from the bus 
to the interconnect cable are also buffered by the Control Buffers. 


Jumper E2 selects the source for the DMA Terminate fine 
(BDMT/)—either the buffer module or an external module. When 
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Adapter Cable and Buffer Module for AIM 65/40 


the AIM 65/40 SBC module is the source (position A), the DMA 
terminate line (BDMT/) from the AIM 65/40 SBC module is put 
on the RM 65 Bus. For an external source (position B), the DMA 
terminate line is not used by the buffer module, and must be 
controlled by another module on the bus. 


INSTALLATION/REMOVAL 


Installing the Adapter Cable and Buffer Module 


Before installing the module, inspect for damage and grease, 
dirt, liquid or other foreign materials that will affect performance. 


a. Before installing the АМ 65/40 Adapter Cable and Buffer 
Module, turn off power to the AIM 65/40 SBC module and 
the interfacing RM 65 Bus motherboard. 

b. Configure Jumpers E1 and E2, per the Functional Description. 

c. Connect the cable Euro receptacle connector onto the AIM 
65/40 SBC module Expansion connector (Euro connector). 

d. Connect the other cable connector onto buffer module con- 
nector P2. 

e. Install connector P1 of the buffer module into the desired slot 
on the mating RM 65 Bus motherboard. 


CAUTION 


RM 65 Bus connectors are keyed to prevent 
improper module connection. If the module does not 
insert into the receptacle with moderate pressure 
applied, check the orientation anc connector align- 
ment of the module. Forcing the module improperly 
into the receptacle may damage the receptacle and/ 
or the module. 


f. Apply power to the АМ 65/40 SBC module and to the mating 
RM 65 Bus motherboard. (Power to the RM 65 motherboard 
is not supplied by the Adapter Cable and Buffer Module.) 


Removing the Adapter Cable ancl Buffer Module 

a. Turn off power to the AIM 65/40 SBC module and to the RM 
85 Bus motherboard. 

b. Pull the buffer module straight back until it is free from the 
RM 65 Bus receptacle and card cage siot guides. 

c. Disconnect the cable connector from the AIM 65/40 SBC 
module Expansion connector. 


RM65-7141E Adapter Cable and Buffer Module for AIM 65/40 
RM 65 Bus Pin Assignments 
Bottom (Solder Side) | Top (Component Side) 
Signal Signal 
Pin | Mnemonic Signal Name 1/0 Type Pin | Mnemonic Signal Name y/o Type 
1a | GND Ground Power 1с | +5М +5 Мас | Ромег 
га | ВАОР/ Buffered Bank Address О | 3S TTL 2c | BA15/ Buffered Address Bit 15 О |3STTL 
За | GND Ground Power 3c | BA14/ Buffered Address Bit 14 О |3S TTL 
4a | BA13/ Buffered Address Bit 13 O | 3STTL 4c | BA12/ Buffered Address Bit 12 О |3STTL 
5a | BA11/ Buffered Address Bit 11 O | 38 TTL 5c | GND Ground 3S TTL 
6a | BA10/ Buffered Address Bit 10 О | 3STTL бс | ВА9/ Buffered Address Bit 9 О | 3STTL 
та | ВА8/ Buffered Address Bit 8 О | 3S TTL 7c | ВА7/ Buffered Address Bit 7 О | 3STTL 
8a | GND Ground Power 8c | ВАб/ Buffered Address Bit 6 О | 3S TTL 
За | BAS/ Buffered Address Bit 5 о | 3STTL Эс | ВА4/ Buffered Address Bit 4 О |3S TTL 
10a | ВАЗ/ Buffered Address Bit 3 О | 35ТТІ 10с | амр Ground Power 
11а | BA2/ Buffered Address Bit 2 О | 38 ТТІ 11с | ВА1/ Buffered Address Bit 1 О |3S TTL 
12а | ВАО/ Buffered Address Bit 0 О | 3STTL 12c | ВО! Buffered Phase 1 Clock О | TP TTL 
13a | GND Ground Power 13c | BSYNC Buffered Sync 3S TTL 
14a | BSO Buffered Set Overflow Е | OC TTL 14c | BDRQ1/ "Buffered DMA Request 1 
15a | BRDY Buffered Ready | | OC TTL 15c | GND Ground Power 
16а “User Spare 1 162 | -12V/-V |*-12 Vde/-V 
17а | +12V/--V {*+12 Vde/+V 17с “User Spare 2 
18a | GND Ground Line Power 18c | BFLT/ Buffered Bus Float | {OC TTL 
19a | BDMT/ Buffered DMA Terminate о 19с | BOO “Buffered External Phase 0 Clock 
20a *User Spare 3 20c | GND Ground Power 
21а | ВАМ Buffered Read/Write "Not" О | SS TTL 21с | BBRO?/. |*Buffered DMA Request 2 
22а “System Spare 22с | BRW Buffered Read/Write О |358 TTL 
23a | GND Ground Power 23с | BACT/ Buffered Bus Active 1 ОС TTL 
24а | BIRQ/ Buffered Interrupt Request | | OC TTL 24c | ВММ// Butfered Non-Maskable Interrupt | |OCTTL 
25а | В02/ Buffered Phase 2 “Not” Clock О | 35 ТТІ 25c | GND Ground Power 
26a | Вог Buffered Phase 2 Clock О | 3S TTL 26c | BRES/ Buffered Reset о |OCTTL 
27а | 807/ Buffered Data Bit 7 VO | 3S TTL 27с | BD6/ Buffered Data Bit 6 VO |3S TTL 
28a | GND Ground Power 28c | BD5/ Buffered Data Bit 5 /O |3S TTL 
29a | BD4/ Buffered Data Bit 4 VO | 35 TTL 29c | BD3/ Buffered Data Bit 3 VO 13$ TTL 
30a | BD2/ Buffered Data Bit 2 VO | 3$ TTL 30c | GND Ground Power 
31a | BD1/ Buffered Data Bit 1 VO | 3S TTL 31c | BDO/ Buffered Data Bit 0 VO | 3S TTL 
32а | +5V +5 Мас Ромег tL 32° GND Ground Power 
Notes: 
“Not used on this module. Signal name reflects RM 65 Bus reserved function. 
CONNECT TO 
AIM 65/40 CONNECT TO 
SBC MODULE 2 М CABLE RM.65 BUS 
EXPANSION ДИ RECEPTACLE 
CONNECTOR 
BUS ACTIVE 
8 DATA 8 
DATA TRANSCEIVERS Им БАТА 
BUS FLOAT 
+5V 
повеза ues [*] 
ADDRESS 
BANK ADDRESS 
CLOCK 
AND CONTROL CLOCK 
CONTROL BUFFERS AND 
CONTROL 


J1 


DMA TERMINATE 


RM65-7141E Adapter Cable and Buffer Module Block Diagram 
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Adapter Cable and Buffer Module for AIM 65/40 
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RM65-7141E Adapter Cable and Buffer Module for AIM 65/40 


SPECIFICATIONS 
Characteristic Value 

Dimension (See Notes) 

Width 100 mm (3.9 in.) 

Length 160 mm (6.3 in.) 

Height (see Note 1) 14 mm (0.56 in.) 
Weight 1.0 ib. (140 9) 
Power (Supplied from RM 65 Bus) +5V + 5% 170 mA (0.85 W)—Typical 


270 mA (1.35 W)—Maximum 


Environment 


Operating Temperature 0°C to 70°C 
Storage Temperature -40%С to 85°C 
Relative Humidity 0% to 85% (without condensation) 
Propagation Time (maximum) 35 ns Address Bus 
70 ns Data Виз (ге! BACT/) 


Interface Connectors 
AIM 65/40 Expansion Connector 64-pin DIN connector (0.100 in. centers) per DIN 41612 (mates with Burndy 
RPI96B32POAO02K9 or equivalent) 


RM 65 Bus 64-pin plug (0.100 in. centers) per DIN 41612 (Row b is not installed) 
Interface Cables 

Number of Cables One 

Cabie Length 2 m (78 in.) 

Type Flat ribbon 

Number of conductors per cable 64 

Wire Size #28 AWG 

Connectors (Part Number) 41 Winchester 965-6053-0531-12 or equivalent 


J2 Winchester 645-6053-422-12 
T & B Ansley 609-641-2 
Cannon 006D64R3BAL or equivalent 


Notes: 

1. The height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). Allow an additional 19 mm (0.75 in.) for the connector on 
the bottom of the module and cable bend. 

The length does not include extensions beyond the edge of the module due to connectors or the module ejector. 


3. The dimensions conform to DIN 41612. 
Be | 2 
| 
| | 
| | 
EUROCARD | | 
VERSION | | 
| | 
| | 
| 
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ВМ 65 MICROCOMPUTER MODULES 


The RM65-7201E Design Prototyping Module is one of the 
hardware options available for the RM 65 Microcomputer Module 
family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40. Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


ORDERING INFORMATION 


Part No. Description 
Design Prototyping Module 


RM65-7201E 


RM65-7201E 
RM 65 DESIGN PROTOTYPING MODULE 


RM65-7201E 
RM 65 Microcomputer Family 


FEATURES 


Compact size—approximately 4" x 614" (100 mm x 160 mm) 
Provision for mounting mass-terminated cable connectors 
All wire-wrap holes pre-drilled on 0.100 in. centers 
Provision for installing decoupling capacitors 

Spacing for 0.300, 0.400 and 0.600 in. wide components 
+5V and ground extended throughout thie module 

Isolated power strips allow connection to other supply voltages 


PRODUCT OVERVIEW 


The RM65-7201E Design Prototyping Mcdule allows you to 
develop custom application circuits for installation in any RM 65 
motherboard. 


Power and return lines are prerouted throughout the module. 
Plated-through holes, spaced beside the power lines, permit 
wire-wrap sockets to be installed. The hole pattern allows manual 
or automatic wire-wrapping. The holes at the ИО end of the 
module accept a variety of wire-wrap flat ribbon cable connec- 
tors. Additional predrilled holes permit mounting of decoupling 
capacitors. 


RM65-7201E Design Prototyping Module 


Document No. RMA65N06 
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Data Sheet Order No. НМ06 
Rev. 3, August 1983 


Design Prototyping Module 


НМ65-7201Е 
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RM65-7201E 


Design Prototyping Module 


RM 65 Bus Pin Assignments 


Bottom (Solder Side) Top (Component Side) 
Signai Signai 
Mnemonic Signal Name Mnemonic Signai Name 
GND Ground +5 Мас 
BADR/ Buffered Bank Address 2c BA15/ Buffered Address Bit 15 
3a GND Ground 3c BA14/ Buffered Address Bit 14 
4a BA13/ Buffered Address Bit 13 4c BA12/ Buffered Address Bit 12 
5a ВА11/ Buffered Address Bit 11 5c GND Ground 
6a BA10/ Buffered Address Bit 10 6c ВА9/ Buffered Address Bit 9 
7a ВА8/ Buffered Address Bit 8 7с BA7/ Buffered Address Bit 7 
8a GND Ground 8c BA6/ Buffered Address Bit 6 
9a BA5/ Buffered Address Bit 5 9c BAY Buffered Address Bit 4 
10a ВАЗ/ Buffered Address Bit 3 10с GND Ground 
11а BA2/ Buffered Acdress Bit 2 112 ВА1/ Buffered Address Bit 1 
12a ВАО/ Buffered Address Bit 0 12с Bi Buffered Phase 1 Clock 
13a GND Ground 13c BSYNC Buffered Sync 
14a BSO Buffered Set Overflow 14c ВОНО1/ Buffered ОМА Request 1 
15a BRDY Buffered Ready 15c GND Ground 
16a User Spare 1 16c -12у/-У -12 Vdc/ -V 
17a +12V/4V +12 Vde/+V 17с User Spare 2 
18a GND Ground Line 18c BFLT/ Buffered Bus Float 
19a BDMT/ Buffered DMA Terminate 19c Bgo Buffered Externa! Phase 0 Clock 
20a User Spare 3 20c GND Ground 
21а ВАЛА Buffered Read/Write "Not" 210 BDRQ2/ Buffered DMA Request 2 
22a System Spare 22c ВАЛА Buffered Read/Write 
23a GND Ground 23с ВАСТ/ Buffered Bus Active 
24a BIRQ/ Buffered Interrupt Request 24c BNMI/ Buffered Non-Maskable Interrupt 
25a Bd2/ Buffered Phase 2 "Not" Clock 256 GND Ground 
26a Bg2 Buffered Phase 2 Clock 26c BRES/ Buffered Reset 
27a BD7/ Buffered Data Bit 7 27c BD6/ Buffered Data Ві: 6 
28a GND Ground 28c BD5/ Buffered Data Bi: 5 
29a BD4/ Buffered Data Bit 4 29с BD3/ Buffered Data Bit 3 
30a BD2/ Buffered Data Bit 2 30c GND Ground 
31a BD1/ Buffered Data Bit 1 31c BDO/ Buffered Data Bit 0 
32a +5V +5 Мас _|| з2с GND Ground | 
INSTALLATION 


Before installing the module, inspect for damage and grease, 
dirt, liquid or other foreign materials that will affect performance. 


а. 


Solder jumpers between the isolated power strips and the 
power (+5М, +12/+V, or -12У/-У) traces as required. 
CAUTION 


Before proceeding, ensure that the power strips are not 
shorted to GND. 


. Solder power filter capacitors as required between the power 


strips and GND. 


. Install and wire components on the Design Prototype Module: 


1. Insert wire-wrap sockets into the desired holes. Solder 
two pins (on opposite ends of the socket) to the associ- 
ated feedthrough to hold the socket in place. 


Insert the solder stakes for mounting of discrete compo- 
nents, power connection and test points into the desired 
holes and solder to the associated feedthroughs. 


. Insert and solder individual or strip stakes into connector 
holes for а! RM 65 bus signals used on the module. 
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4. Wire wrap wires between the protruding pins and other 
pins or power/GND traces as required. 


. Double check the hookup to ensure proper connection. 


CAUTION 


Ensure that no power lines are shorted to GND before 
installation into the RM 65 bus. Shorting power to ground 
may damage your circuitry, module, power supply and/or 
interfacing modules unless proper cur’ent limiting protec- 
tion is provided. 


. Install components into sockets as required. 


Remove power from the RM 65 bus. 


CAUTION 


Never install or remove modules with power on—it may 
cause датаде to your module and/or host system. 


. Insert the module in the RM 65 Bus motherboard ог single 


card adapter receptacle. 


. Apply power to the RM 65 bus. 


RM65-7201E Design Prototyping Module 


SPECIFICATIONS 


Dimensions (1, 2, 3) 


Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 
Height 0.56 in. (14 mm) 


2.5 oz. (65 g) 


RM 65 Bus Interface 64-pin plug (0.100 in. centers) per DIN 41612 (Row b is not installed) 
Component Mounting Area: 
Number of Component Hole Columns: 
Number of Component Hole Rows: 
Number of --5V power strips: 

Number of isolated power strips: 
Number of ground strips: 

Vertical hole spacing: 
Horizontal hole spacing: 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extensions due to the module ejector. 

3. Dimensions conform to DIN 41612. 
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АМ 65 MICROCOMPUTER MODULES 


The RM65-7211E Extender Module is one of the hardware 
options available for the RM 65 Microcomputer Module family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


ORDERING INFORMATION 


RM 65 EXTENDER MODULE 


Part No. | Description 


RM65-7211E | Extender Module 


RM65-7211E 


RM 65 Microcomputer Family 


RM65-7211E 


FEATURES 


e Extends all RM 65 Bus Lines 
е Terminals for GND and +5V 
• Assembled, tested and warranted 


PRODUCT OVERVIEW 


The RM 65 Extender Module physically extends a module that 
is electrically connected to an RM 65 motherboard. This sim- 
plifies signal tracing and troubleshooting by providing access to 
the module outside of its card cage or enclosure. 


The RM 65 Extender Module consists of a series of bus lines 
connecting the RM 65 connector plug on one end, to an RM 65 
compatible connector receptacle on the other end. The lines are 
connected pin-for-pin between the plug and receptacle. 


RM65-7211E Extender Module 


Document No. RMA65NO7 
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Data Sheet Order No. RM07 
Rev. 2, June 1983 


RM65-7211E Extender Module 
RM 65 Bus Pin Assignments 
Bottom (Solder Side) Top (Component Side) 
Signal Signal | 
Ріп | Mnemonic Signal Name Pin Mnemonic Signal Name 
1а амо Ground 1c +5V +5 Vde | 
2а ВАОН/ Buffered Bank Address 2c ВА15/ Buffered Address Bit 15 
3a GND Ground 3c ВА14/ Buffered Address Bit 14 
4a BA13/ Buffered Address Bit 13 4c ВА12/ Buffered Address Bit 12 
5a ВА11/ Buffered Address Bit 11 5c GND Ground 
6a BA10/ Buffered Address Bit 10 6c BA9/ Buffered Address Bit 9 
7a ВАВ/ Buffered Address Bit 8 7с ВА?/ Buffered Address ВИ 7 
8a GND Ground 8c ВАб/ Buffered Address Ви 6 
9a BA5/ Buffered Address Bit 5 9c ВА Buffered Address Bit 4 
10a BAS Buffered Address Bit 3 10с GNO Ground 
11a BA2/ Buffered Address Bit 2 11c ВА1/ Buffered Address Bit 1 
12a ВАО/ Buffered Address Bit 0 12c 881 Buffered Phase 1 Clock 
13a GND Ground 13с BSYNC Buiigrad Sync 
14а BSO Buffered Set Overflow 14c BDRQ1/ Buffered DMA Request 1 
15a BRDY Buffered Ready 15c GND Ground 
16a User Spare 1 16c —12V/-V —12 Vdc/-V 
17a +12V/+V +12 Vde/+V 17c User Spare 2 
18a GND Ground Line 18c BFLT/ Buffered Bus Float 
19a BDMT/ Buffered DMA Terminate 19c Bo Buffered External Phase 0 Clock 
20а User Spare 3 20с GND Ground 
21а BRW; Buffered Read/Write “Not” 21c BDRQ2/ Buffered DMA Request 2 
22a System Spare 22c BRW Buffered Read/Write 
23a GND Ground 23c BACT/ Buffered Bus Active 
24a BIRQ/ Buffered Interrupt Request 24c BNMI/ Buffered Non-Maskable Interrupt 
25a вфо/ Buffered Phase 2 "Not" Clock 25c GND Ground 
26a 862 Buffered Phase 2 Clock 26с BRES/ Buffered Reset 
27a BD7/ Buffered Data Bit 7 27с BD6/ Buffered Data Bit 6 
28a GND Ground 28с BD5/ Buffered Data Bit 5 
29a BD4/ Buffered Data Bit 4 29с BD3/ Buffered Data Bit 3 
30a BD2/ Buffered Data Bit 2 30c GND Ground 
31a BD1/ Buffered Data Bit 1 31c BDO/ Buffered Data Bit 0 
32a +5V +5 Vde 32 | GND Ground 
INSTALLATION 


Before installing the module, inspect for damage and grease, 
dirt, liquid or other foreign materials that will affect performance. 


a. Turn power off to the RM 65 bus. 


CAUTION 


Never install or remove modules with power on—it may 
cause damage to the host system or the modules being 
connected or disconnected. 


b. Remove module to be extended from the RM 65 card cage 
(if present). 
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c. Insert the Extender Module in a vacant card slot in the card 
cage and connect it to the motherboard. 


d. Connect the module to be extended to J1 of the Extender 
Module. 


CAUTION 


Be sure the extended module is properly supported to 
prevent damage to the module and/or the Extender 
Module. 


e. Apply power to the RM 65 bus. 


RM65-7211E Extender Module 


SPECIFICATIONS 
Parameter Т Уаше 
Dimensions (1, 2, 3) 
Width 3.9 in. (100 mm) 
Length 7.4 in. (187 тт) 
Height 0.56 in. (14 mm) 
Weight | 3.2 02. (90 9) 
Interface Connectors 
RM 65 Bus 64-pin plug (0.100 in. centers) per DIN 41612 (Row b is not used) 
RM 65 Module 64-pin plug (0.100 in. centers) per DIN 41612 (Row b is not used) 
Notes: 
1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 
2. Length does not include the added extension due to the module ejector. 
3. Dimensions conform to DIN 41612. 
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SECTION 10 
INTEGRAL MODEMS 


Page 
Product Family Overview ............................................... ... 10-2 
High Speed | 
R96FAX 9600 BPS Facsimile Мойет........................................ 10-3 
R96DP 9600 BPS Data Pump Модет........................................ 10-13 
R96FT 9600 BPS Fast Train Модет........................... lara 10-26 
V96P/1 9600 BPS Modem ................................................. 10-28 
R48DP 4800 BPS Data Pump Модйет........................................ 10-36 
V27P/1 4800 BPS Modem ................................................. 10-49 
Low to Medium Speed 
R1212 1200 BPS Full Duplex Мойбет........................................ 10-56 
R2424 2400 BPS Full Duplex Мобет........................................ 10-70 
R24DC 2400 BPS Direct Connect Modem .................................... 10-84 
R24LL 2400 BPS Leased Line Modem ................ ser s rre 10-92 
R24 2400 BPS Integral Modem ............................................ 10-101 
Modem Interfacing Products 
R24MEB Modem Evaluation Board ......................................... 10-109 
АРАА Rockwell Data Access Arrangement Module ............................ 10-111 


10-1 


INTEGRAL MODEMS 
Highest Quality, Performance at Competitive Cost 


Rockwell International's high-speed integral modem Much of modem technology came from Rockwell 
subsystems offer better performance and greater reliability International. Our first modems date back to vacuum tube 
than any others. They’re also more cost effective and are versions in 1955. We made the first LSI integral modems in 
optimized to match more applications than others. That’s 1969. Today, we cover ail speeds from 1200 to 9600 bps, 
why Rockwell produces more high-speed integral modem with a 14,400 bps тоде! to be announced. 
subsystems than any other company. Our newest third-generation 151 family members are 

The chances are, if you’re using a high-speed box designed to be addressed as microcompute: peripherals, 
modem, a Rockwell subsystem is in it. Practically every thus simplifying design and reducing costs of the host 
facsimile machine uses our modems. Rockwell is, by far, equipment. They're on interchangeable cards, зтлаћ 
the leading supplier to Japanese facsimile machine Eurocard sized, so you can switch communication speeds 
manufacturers. With 99.6% of our subsystems accepted by without expensive design changes. 
incoming inspection, we have documented an MTBF of And, they're optimized for specific applications—for box 
200,000 hours, or about 23 years between service calls. modems and statistical multiplexers, for facsimile 

As for performance, our modems don't lose a bit in a equipment, for use in multi-point system terminals, etc. 
million, even over long distance lines of the commercial They're also low in price and readily available. Being the 
telephone network. Much of this is because of our signal largest manufacturer lets us pass our advantages on to our 
processing capabilities, equalization and diagnostics. customers. We offer the best cost/performarice modem 

Built-in diagnostics, such as eye pattern arid mean subsystems, with the highest reliability. There's no one else 
squared error, allow thorough modem testing. Several close. 


stages of equalization permit accurate transmission over 
even unconditioned lines. in fact, adaptive equalization, 
which compensates for phase shifts and frequency delays, 
was originated in modem technology under a basic patent 
owned by Rockwell. 


Rockwell Integral Modem Subsystems Lead The Industry 


1973 1983 


Reliability 


NN (MTBF) 


MTBF (Thousand Hours) 50 100 200 
ACCEPTANCE (%) 95 99.5 99.7 
CARD SIZE (Sq. In.) 112 54 10 
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Rockwell 


R96FAX 


Integral Modems 


R96FAX 


9600 BPS FACSIMILE MODEM 


PRELIMINARY 


INTRODUCTION 


The Rockwell R96FAX is a synchronous serial 9600 bps modem 
designed for operation over either dedicated unconditioned lines 
or over the general switched telephone network. 


The modem satisfies telecommunications requirements specified 
in CCITT Recommendations V.29 and V.27 ter, and of Recom- 
mendations T.30, T.4 and T.3. 


The R96FAX is specifically optimized for use in Group Ш 
Facsimile machines with the added capability of Group 11 
compatibility. The small size and low power consumption of the 
modem offer the user flexibility in creating a 9600 bps modem 
design customized for specific packaging and functional 
requirements. 


The modem is capable of operating at 9600, 7200, 4800, 2400, 
and 300 bps. 


en Rockwell 
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FEATURES 


• Ultimate User Compatibility: 
— CCITT V.29, V.27 ter, T.30, V.21 Channel 2, T.4, T.3 
Group Ш and Group И Facsimile 
Half-Duplex (2-Wire) 
Programmable Tone Generation and Detection 
Dynamic Range -43 dBm to 0 dBm 
Diagnostic Capability 
Equalization: 
— Automatic Adaptive 
— Compromise Cable (Selectable) 
— Compromise Link Amplitude (Selectable) 
• DTE Interface: 
— Microprocessor Bus 
— CCITT V.24 (RS-232-C Compatible) 
• Small Size — 100 mm x 65 mm (3.94 x 2.56 inches) 
• Low Power Consumption (2 Watts, Typical) 
* Transmit Output Level (+5.5 dBm +0.5 dB) 
® TTL and CMOS Compatible 
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TECHNICAL SPECIFICATIONS 


The following are the technical specifications for the R96FAX 
modem. 


TRANSMITTER TONAL SIGNALING AND CARRIER 
FREQUENCIES 


The transmitter tonal signaling and carrier frequencies are given 
in the following tables: 


T. 30 Tonal Signaling Frequencies 


Specification 


Frequency Type (Hz t 0.5 Hz) 
Calling Tone (CNG) | 1100 
Answer Tone (CED) 2100 
Group II Identification (C12) 1850 
Group |! Command (GC2) 2100 
Group Ii Confirmation (CFR2, MCF2) 1650 
Line Conditioning Signal (LCS) 1100 
End of Message (EOM) 1100 
Procedure Interrupt (PIS) 462 


Carrier Frequencies 


Specification 


Frequency Type (Hz + 0.5 Hz) 
Т.З Carrier (Group II) 2100 
V.27 ter Carrier 1800 
V.29 Carrier 1700 


TONE GENERATION 


Under control of the host processor, the R96FAX can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 


TONE DETECTION 


In the 300 bps FSK receive configuration, the presence of tones 
at preset frequencies is indicated by bits in the interface memory 
of the R96FAX. The frequencies and responses may be altered 
by the user via microprocessor control. 


SIGNALING AND DATA RATES 


The signaling and data rates for the R96FAX are defined in the | 


table below: 
Signaling/Data Rates ] 
Specification 
Parameter - (+ 0.01%) | 
Signaling Rate: 2400 Baud 
Data Rate: 9600 bps, 
7200 bps, 
4800 bps 
Signaling Rate: 1600 Baud 
Data Rate: 4800 bps 
Signaling Rate: 1200 Baud 
Data Rate: 2400 bps 


DATA ENCODING 


At 2400 baud, the data stream is encoded per CCITT V.29. At 
9600 bps, the data stream is divided in groups of four-bits (quad- 
bits) forming a 16-point structure. At 7200 bps, the data stream 


SE 
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is divided into three bits (tribits) forming an 8-point structure. 
At 4800 bps, the data stream is divided into two bits (dibits) 
forming a 4-point structure. 


At 1600 baud, the 4800 bps data stream is encoded into tribits 
per CCITT V.27 ter. 


At 1200 baud, the 2400 bps data stream is encoded into dibits 
per CCITT V.27 ter. 


EQUALIZERS 


The R96FAX provides equalization functions which can be used 
to improve performance when operating over poor lines. 


Cable Equaiizers — Selectable compromise cable equalizers 
are provided to optimize performance over different lengths of 
non-loaded cable of 0.4 mm diameter. 


Link Amplitude Equalizer — The selectable compromise 
amplitude equalizer may be inserted into the transmit and/or 
receive paths under control of the transmit amplitude equalizer 
enable and the receive amplitude equalizer enable bits in the 
interface memory. The amplitude select bit coritrols which of two 
amplitude equalizers is selected. 


Automatic Adaptive Equalizer — Ап au'omatic adaptive 
equalizer is provided in the receiver circuit for V.27 and V.29 
configurations. The equalizer can be configured as either a T 
or a T/2 equalizer. 


TRANSMITTED DATA SPECTRUM 


If neither the link amplitude nor cable equalizer is enabled, the 
transmitter spectrum is shaped by the following raised cosine 
filter functions:  . 

1. 7200 Baud. Square root of 90 percent 

2. 1600 Baud. Square root of 50 percent 

3. 2400 Baud. Square root of 20 percent 

The out-of-band transmitter power limitations meet those 
specified by Part 68 of the FCC's Rules, and typically exceed 
the requirements of foreign telephone regulatory bodies. 


SCRAMBLER/DESCRAMBLER 


The R96FAX incorporates а self-synchronizing scrambler/ 
descrambler. This facility is in accordance with either V.27 ter 
or V.29 depending on the selected configuration. 


RECEIVED SIGNAL 
FREQUENCY TOLERANCE 


The receiver circuit of the R96FAX can adapt to received 
frequency error of upto + 10 Hz with less than à 0.2 dB degrada- 
tion in BER performance. Group ІІ carrier recovery capture range 
is 2100 + 30 Hz. 


RECEIVE LEVEL 


The receiver circuit of the ВО6ҒАХ satisfies all specified perform- 
ance requirements for received line signal levels from OdBm to 
-43dBm. The received line signal level is measured at the 
receiver analog input (RXA). 
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RECEIVE TIMING 


In the receive state, the R96FAX provides а Data Clock (DCLK) 
output in the form of a square wave. The low to high transitions 
of this output coincide with the center of received data bits. The 
timing recovery circuit is capable of tracking a +0.01% fre- 
quency error in the associated transmit timing source. 


TRANSMIT LEVEL 


The transmitter output level is fixed at + 5.5 dBm + 0.5 dB. When 
driving a 600 ohm load the TXA output requires a 600 ohm series 
resistor to provide —0.5 dBm +0.5 dB to the load. 


TRANSMIT TIMING 

In the transmit state, the R96FAX provides a Data Clock (DCLK) 

output with the following characteristics: 

1. Frequency. Selected data rate of 9600, 7200, 4800, 2400, 
or 300 Hz ( + 0.0196). In Group |, DCLK tracks an external 
10368 Hz clock. 

2. Duty Cycle. 50 + 1% 


Transmit Data (TXD) must be stable during the 1 microsecond 
periods immediately preceding and following the rising edge of 
DCLK. 

TURN-ON SEQUENCE 


A total of ten selectable turn-on sequences can be generated 
by the R96FAX, as defined in the following table: 


Turn-On Sequences 


RTS-CTS 
NO. \.29 \.27 ћег Time (ms) Comments 
1 9600 bps 253 
2 7200 bps 253 
3 4800 bps 253 
4 4800 bps? 708 
5 2400 bps? 943 oa, 
6 9600 bps 458 Preceded 
7 7200 bps 458 By Echo 
8 4800 bps 458 Suppressor 
9 4800 bps? 913 Disable 
10 2400 bps? 1148 Tone 
NOTES 
1. Turn-on sequences six through ten can be generated for 
lines with protection against talker echo. 
2. V.27 ter long training sequence only. 


TURN-OFF SEQUENCE 


For V.27 ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones at 1200 baud or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms period of no transmitted energy. For V.29, 
the turn-off sequence consists of approximately 5 ms of remain- 
ing data and scrambled 1’s followed by a 20 ms period of no 
transmitted energy. 


CLAMPING 


The following clamps are provided with the R96FAX: 
1. Received Data (RXD). RXD is clamped to a constant mark 
(1) whenever RLSD is off. 
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2. Received Line Signal Detector (RLSD). RLSD is clamped off 
(squelched) during the time when RTS is on. 

3. Extended Squeich. Optionally, RLSD remains clamped off for 
130 ms after the on-to-off transition of RTS. 


RESPONSE TIMES OF CLEAR-TO-SEND (CTS) 


The time between the off-to-on transition of RTS and the off-to- 
on transition of CTS is dictated by the length of the training 
sequence. Response time is 253 ms for V.29, 708 ms for V.27 
ter at 4800 bps, and 943 ms for V.27 ter at 2400 bps. 


The time between the on-to-off transition of RTS and the on-to- 
off transition ‘of CTS in the data state is a maximum of 2 baud 
times for all configurations. 


RECEIVED LINE SIGNAL DETECTOR (RLSD) 


For either V.27 ter or V.29, RLSD turns on at the end of the train- 
ing sequence. If training is not detected at the receiver, the RLSD 
off-to-on response time is 15 +10 ms. The RLSD on-to-off 
response time for V.27 is 10 +5 ms and for V.29 is 30 +9 ms. 
Response times are measured with a signal at least 3 dB above 
the actual RLSD on threshold or at least 5 dB below the actual 
RLSD off threshold. 


The RLSD on-to-off response time ensures that all valid data bits 
have appeared on RXD. 


Two threshold options are provided: 
1. Greater than —43 dBm (RLSD on) 
Less than -48 dBm (RLSD off) 

2. Greater than -47 dBm (RLSD on) 
Less than -52 dBm (RLSD off) 


NOTE 
Performance may be at a reduced level when the received 
signal is less than -43 dBm. 


А minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated carrier 
signal applied to the receiver's audio input (RXA). 


MODES OF OPERATION 


The R96FAX is capable of being operated in either a serial or 
a parallel mode of operation. 


SERIAL MODE 


The serial mode uses standard V.24 (RS-232-C compatible) 
signals to transfer channel data. An optional USRT device 
(shown in the R96FAX Interface Diagram) illustrates this 
capability. 


PARALLEL MODE 


The R96FAX has the capability of transferring channel data eight 
bits at a time via the microprocessor bus. 


R96FAX 9600 bps Facsimile Modem 


г------ To ÄTS CABS2 


USRT е 075 


(OPTIONAL) 


| XCLK EVE 


PATTERN 
GENERATOR 


R96FAX 
MODEM 


(A ИМЕ | 


HOST TELEPHONE 
PROCESSOR LINE 
| (ОТЕ) INTERFACE |-4-- 
| AUXIN 
PN 
В96ҒАХ Functional Interconnect Diagram 
MODE SELECTION R96FAX Hardware Supervisory Circuits (Cont.) 
Selection of either the serial llel mode of ionis b Г Name | № | Pin No. Description 
election of either the serial or parallel mode of operation is by к = — 
means of a control bit. To enable the parallel mode, the control | В. eo INTERFACE: - 
bit must be set to a 1. The modem automatically defaults to the б? vo 7 
serial mode at power-on. In either mode the R96FAX is con- | D5 | vO 5 
figured by the host processor via the microprocessor bus. Da ! yo 31 Data Bus (8 Bits) 
; 03 uo 15 
: | 02 [ә] 28 
D1 vO 23 
INTERFACE CRITERIA ІЗ М0 | 3 
The modem interface comprises both hardware and software | 853 | 30 
circuits. Hardware circuits are assigned to specific pins па RS2 | 8 Register Select (4 Bits) 
40-pin ribbon connector. Software circuits are assigned to RSI | 27 
specific bits in а 32-byte interface memory. | А80 10 
cso | 6 Chip Select for Bank 0 
| CS1 | 18 Chip Select Юг Bank 1 
HARDWARE SUPERVISORY CIRCUITS | READ | 1 Read Enable 
Signal names and descriptions of the hardware supervisory | BITE ! 2 Write Enable 
circuits, including the microprocessor interface, are listed in на o 32 interrupt Request 
the R96FAX Hardware Supervisory Circuits table. The micro- | C. V.24 INTERFACE: _ 
processor interface is designed to be directly compatible with DCLK с 13 Data Clock 
an 8080 microprocessor. With the addition of a few external logic , XCLK | 22 External Clock for Group || 
gates, it can be made compatible with 6500, 6800, or 68000 ae 5 19 Недиезі10-5ела 
microprocessors. TXD | 20 Transmitter Data 
RXD_ О 21 Receiver Data 
R96FAX Hardware Supervisory Circuits | RCSD о 16 Received Line Signal Detector 
| Мате VO | Pin Мо. Description | D. CABLE EQUALIZER: ~ 
| - 7 CABS1 ! 33 Cable Select 1 
‚ А. OVERHEAD: | — oo | CABS2 | 34 Cable Select 2 
GND | 14,39 Ground " қ . — 7 
+5 volts | 3,4 +5 volt supply | Е. ANALOG SIGNALS: NM 
| +12 volts I 26 * 12 volt supply | ТХА о 38 ‚ Transmitter Analog Output 
-12 volts | 37 -12 volt supply ‚ АХА i. 40 Receiver Analog Input 
POR Vo 36 Power-on-reset AUXIN l 35 | Auxiliary Analog Input 
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Microprocessor Interface Timing Diagram 


Critical Timing Requirements 


Characteristic Symbol | Min | Max Units | 

CSi, RSi setup time prior 1 

to Read or Write TCS 30 — NS 
Data Access time after Read TDA — 140 NS 
Data hold time after Read TDH 10 50 NS 
CSi, RSi hold time after 

Read or Write TCH 10 — NS 
Write data setup time TWDS 75 — NS 
Write data hold time TWDH 10 — NS 
Write strobe pulse width TWR 75 — NS 


Cable Equalizer Selection 


CABS 2 CABS 1 Length of 0.4mm Diameter Cable 
0 0 0.0 
0 1 1.8 km 
1 0 3.6 km 
1 1 7.2 km 


INTERFACE MEMORY 


The R96FAX has two banks of 16 registers to which an exter- 
nal (host) microprocessor has access. Although these registers 
are within the modem, they may be addressed as part of the 
host processor's memory space. The host may read data out 
of or write data into these registers. These registers are referred 
to as interface memory. See R96FAX Interface Memory table. 
Registers in bank О update at the modem sample rate (9600 bps). 
Registers in bank 1 update at the selected baud rate. 


When information in these registers is being discussed, the format 
Y:Z:Q is used. The bank is specified by Y(0 or 1), the register 
by Z(0-F), and the bit by Q(0-7, 0= LSB). A bit is considered to 
be “оп” when set to a 1. 
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R96FAX Interface Memory 
- 


(НЕХ) 
Reg Мо. 


Вапк Description 


| Diagnostic Control 

Handshake Status 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Option 

Configuration 

Diagnostic Data Real MSB's; FREQM 

Diagnostic Data Real LSB's; FREQL 

Diagnostic Imaginary MSB's 

Diagnostic Imaginary LSB's; Data 
Transfer Register 


оооооооооооооооо 
о- могло ~“мсео>фосоттп 


Diagnostic Control 
Handshake Status 

RAM Write Control 

GII AGC Stew Rate Select 
Tone Detect Indicator 

Do Not Use 

Do Not Use 

Do Not Use 

Receiver Status 

Do Not Use 

Receiver Status 

Receiver Status 

Diagnostic Data Real MSB’s 
Diagnostic Data Real LSB’s 
Diagnostic Imaginary MSB’s 


OCHANWOADANwDOPDOOMMT 


додо A n ша ша cà ша nallo 


Diagnostic imaginary LSB's 


SOFTWARE SUPERVISORY CIRCUITS 


The operation of the R96FAX is affected by a number of soft- 
ware control inputs. These inputs are written into registers within 
the modem via a microprocessor bus under external control. 
Modem operation is monitored by various software flags that are 
read from modem registers using the same microprocessor bus. 
The functions of all modem I/O registers are listed in the R96FAX 
Interface Memory table and are defined as follows: 


CONFIGURATION REGISTER 


The host processor configures the R96FAX by writing a control 
byte into the configuration register (0:4) in its interface memory 
space as shown in the following table: 


Configuration Register (0:4) 


Bit 7 Bit6 | Bit5 | Вид Виз | Bit2 | Bit 1 Вино 


TNXMT G2 FSK | V29 \27 DR3 | DR2 | DR1 


R96FAX 


Definition of Configuration Terms: 


TNXMT. Tone Transmit 

G2. Group | Facsimile 

FSK. 300 bps FSK/Tone Detection 

V29. V.29 Configuration 

V27. V.27 Configuration 

DR3. Selects 9600 bps/V.29 

DR2. Selects 7200 bps/V.29, 
Selects 4800 bps/V.27 

DR1. Selects 4800 bps/V.29, 


Selects 2400 bps/V.27 


Control words for the five configurations are given in hex- 
adecimal format in the following table: 


Configuration Control Words 


9600 bps Facsimile Modem 


Receiver data is presented to the RXD output at a rate of 
10368 samples per second. The user should strobe the data 
on the rising edge of the data clock (DCLK). A logical 1 level 
(high voltage) represents white. A logical 0 level (low voltage) 
represents black. 


. Tone Transmit. In this configuration, activating signal RTS 
causes the modem to transmit a tone at a single frequency 
specified by the user. Two registers in the host interface 
memory space contain the frequency code. The most signifi- 
cant bits are specified in the FREQM register (0:3). The least 
significant bits are specified in the FREQL register (0:2). The 
least significant bit represents 0.146484 Hz +0.01%. The 
frequency generated is: f = 0.146484 (256 FREQM + 
FREQL) Hz +0.01%. 


Hexadecimal frequency numbers (FRECM, FREQL) for com- 
monly generated tones are shown in the following chart: 


| №. Configuration Configuration Word (HEX) Commonly Generated Tones 

1 М.29 9600 14 or = 
! V.29 7200 12 | Frequency FREQM FREQL 
| V.29 4800 1! | 462 Hz oc 52 
| | 1D 55 
| 2 М.27 4800 ОА | ed us 2С 00 
| met 2400 29 | 1850 Hz 31 55 
: 3 FSK 20 2100 Hz 38 00 
H й = 2 
| 4 Group li 40 
; 5 Tone Transmit 80 


Definition of Configurations: 


18 


. Group Il. 


V.29. When any of the V.29 configurations has been 
selected, the modem operates as specified in CCITT Recom- 
mendation V.29. 


. V.27. When any of the V.27 configurations has been 


selected, the modem operates as specified in CCITT Recom- 
mendation V.27 ter. 


. FSK. The modem operates as a CCITT T.30 compatible 


300 bps FSK modem having characteristics of the CCITT 
V.21 channel 2 modulation system. 


The modem operates as a CCITT T.3 compatible 
AM modem. This permits transmission to and reception from 
Group II facsimile apparatus. A carrier frequency of 2100 Hz 
is used. A white signal is transmitted as maximum carrier. 
A black signal is transmitted as no carrier. The phase of the 
carrier representing white is reversed after each transition 
through black. 


When in the receive state, the R96FAX recovers the carrier 
of the remote transmitting modem to perform a coherent 
demodulation of the incoming signal. This allows a baseband 
of 3400 Hz to be recovered. The recovered baseband signal 
is made available on the microprocessor bus as diagnostic 
data. 


The baseband signal is converted to black or white by com- 
paring the received signal level with a preset threshold 
number. This number may be changed by the user. 
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OPTION REGISTER 


The host processor conveys option information to the R96FAX 
by writing a control byte into the Option Register (0:5) in its 
memory space as shown in the table belcw: 


Option Register (0:5) 


816 | Bit5 | ви | ВИЗ | Bit 2 | Bit! | Bit O 


TDIS | T2 |LRTH 


SQEXT 


Definition of Option Terms: 


RTS. Request-to-Send 

TDIS. Training Disable 

EDIS. Echo Protector Disable 
SQEXT. Squelch Extend 

T2. T/2 Equalizer 

LRTH. Lower Receive Threshold 


Definition of Options: 


1. Request-to-Send. The R96FAX operates in the receive state 
until RTS (0:5:7) is turned on. At that time the modem 
switches to the transmit state and remains there until RTS 
is turned off, and the turn-off sequence has been completed. 


2. Training Disable. When the TDIS bit (0:5:6) is on in the 
receive state, this bit prevents the modem from entering the 
training phase. When turned on prior to RTS going on, this 
bit prevents the generation of a training sequence at the start 
of transmission. 


R96FAX 
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3. Echo Protector Disable. f the EDIS bit (0:5:3) is on, an 
unmodulated carrier is transmitted for 185 to 200 ms followed 
by 20 to 25 ms of no transmitted energy at the beginning of 
the training sequence. This option is available in both the V.27 
and V.29 configurations although it is not specified in the 
CCITT V.29 Recommendation. 


4. Squelch Extend. When on, the SQEXT bit (0:5:2) inhibits 
reception of signals for 130 ms after RTS is turned off. 


5. T/2 Equalizer. |f the T/2 equalizer bit (0:5:1) is off, an adap- 
tive equalizer with one tap per baud is used. If the T/2 bit 
is on, an adaptive equalizer with two taps per baud is used. 


6. Lower Receive Threshold. When on, the LRTH bit (0:5:0) 
lowers the receiver turn-on threshold from -43 dBm to 
~47 dBm. 


DISCRETE CONTROL BITS 


The discrete control bits are defined in the following table: 


Discrete Control Bits 


Name 1.0. No. | Description 


PDM 0:Е:7 When оп, РОМ places the R96FAX in the 


parallel mode and inhibits bank 0 diagnostics. 


When on, SETUP causes the R96FAX to 
teconfigure to the control word in the con- 
figuration register and to assume the options 
specified for equalizer (0:5:1) and threshold 
{0:5:0). Resets automatically. Note: Bit 0:4:0 
through 0:4:4 should only change state while 
RTS is off to prevent errors in transmission. 


SETUP | 0:E:3 


ЈЕО 0:Е:2 When on, Interrupt Enable (Zero), causes the 
{RQ output to be low when the DAO bit 


(0:E:0) is on. 


| RAMW | 1:0:0 RAMW, when on, causes the 16-bit word т 
locations 1:0 and 1:1 to be written into RAM 
at the location specified in the diagnostic con- 


trol register (1:F). 


J3L 1:0:4 Japanese 3 link, when on, selects this 
standard for link amplitude equalizer; when off 


selects U.S. survey long. 


RLE Receiver link equalizer, when on, enabies the 


link amplitude equalizer in the receiver. 


TLE Transmitter link equalizer, when on, enables 


the link amplitude equalizer in the transmitter. 


G2FGC G2FGC, when on, selects a fast AGC rate in 


Group |. 


IE1 1:Е;2 When on, Interrupt Enable (One) causes the 
IRQ output to be low when the DA1 bit 


(1:E:0) is on. 


STATUS BITS 
The status bits are defined in the following table: 


Status Bits 


Name 


DAO 


АО 


FED 


P2DET 


PNDET 


CDET 


DAI 


1А1 


F3 
Fa 
Fi 


1.0. №. 
— 


0:E:0 


1:7:6 


1:7:0 


1:Е:0 


Description 
t 


Data Available (Zero) goes on when the 
R96FAX writes data into registered 0:0. It is 
reset when the host processor reads or writes 
register 0:0. DAO is used in the parallel mode 
and also for diagnostic data retrieval. 


Interrupt Active (Zero) is on when bank 0 is 
causing ІНОР to be active. 


Fast Energy Detect, when off, indicates energy 
оп the receiver input. Not used for Group Il. 


When off, P2DET indicates a P2 sequence has 
been detected. Sets to 1 at start of PN 
sequence. 


When off, PNDET indicates a PN sequence 
has been detected. Sets to 1 at end of PN 
sequence. 


When off, CDET indicates that energy is being 
detected and a training sequence is not 
present. Goes off at start of data state. 


Data Available (One) goes on when the 
R96FAX writes data into register 1:0. It is reset 
when the host processor reads or writes 
register 1:0. 


Interrupt Active (One) is on when bank 1 is 
causing IRQ to be active. 


When on, these bits indicate reception of their 
respective tonal frequencies if the ВО6ҒАХ is 
configured in FSK. Default frequencies are: 
F3 = 462 Hz, F2 = 1100 Hz, and F1 = 
2100 Hz. 


DIAGNOSTIC CAPABILITIES 


The R96FAX provides the user with access to much of the data 
Stored in the modem's memories. This data is a useful tool in 
performing certain diagnostic functions. 


HARDWARE DIAGNOSTIC CIRCUITS 


Signal names and descriptions of the hardware diagnostic 
Circuits are given in the table below: 


Hardware Diagnostic Circuits 


Name ] vo Pin No. Description 

EYEX 0 24 Eye Pattern Data — Х Axis 

EYEY 0 25 Eye Pattern Data — У Axis 

EYECLK 0 11 Eye Pattern Clock 

EYESYNC 0 12 Eye Pattern Synchronizing 
Signal 


R96FAX 


Eye Pattern Generation — The four hardware diagnostic circuits 
allow the user to generate and display an eye pattern. Circuits 
EYEX and EYEY serially present eye pattern data for the horizon- 
tal and vertical display inputs respectively. The 8-bit data words 
are shifted out most significant bit first, clocked by the rising 
edge of the EYECLK output. The EYESYNC output is provided 
for word synchronization. The falling edge of EYESYNC may 
be used to transfer the 8-bit word from the shift register to a 
holding register. Digital to analog conversion can then be per- 
formed for driving the X and Y inputs of an ascilloscope. 


SOFTWARE DIAGNOSTIC CIRCUITS 


Two diagnostic control registers are provided in the interface 
memory to allow user access to various RAM locations within 
the modem. The access code stored in bank 0 10:Ғ) selects the 
source of data for the real and imaginary diagnostic data 
registers in bank 0 (0:0 through 0:3). Similarly the access code 
Stored in bank 1 (1:F) selects the source of data for registers 
1:0 through 1:3. Bank 1 also provides the user with the ability 
to store the contents of registers 1:0 and 1:1 ir the RAM loca- 
tion specified in register 1:F. Writing is performed by turning on 
control bit RAMW (1:13:0). Reading is performed by handshak- 
ing with the appropriate Data Available status bit. The eight most 
significant bits of real and imaginary data from bank 1 are also 
presented seríally on EYEX and EYEY respectively. 


RAM ACCESS CODES (READ) 


The RAM Access Codes defined in the table below allow the 
host processor to read diagnostic information within the R96FAX. 


RAM Access Codes (Read) 


Bank Function Access | Data Type 

0 Received Signal Samples 40 Real 
Demodulator Output 42 Complex 
Low Pass Filter Output 54 Complex 
One Baud Energy 04 Imaginary 
AGC Gain Word — MSB's 01 Real 
AGC Gain Word — LSB's 01 Imaginary 

1 Equalizer Input 40 Complex 
Equalizer Tap Coefficients 01-20 Complex 
Unrotated Equalizer Output 22 Complex 
Rotated Equalizer Output 22 Complex 
(Received Point-Eye Pattern) 
Decision Points (Ideal) 62 Complex 
Error Vector 63 Complex 
Rotation Angle 00 Imaginary 
Frequency Correction — MSB's 28 Аеа! 
Frequency Correction — LSB’s 28 Imaginary 
Group | Base Band Signal 4B Real 
Group if Threshold 2A tmaginary 
ЕОМ 2В Real 


RAM ACCESS CODES (WRITE) 


The RAM access codes defined in the following table allow the 
host processor to write parameter information into the R96FAX. 
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RAM Access Codes (Write) 


Data 
Bank Function Access Type 
1 GII Black/White Threshold 2A | Imaginary 
ЕТ А10 2B Imaginary 
F1 B11 2c Imaginary 
F1 B12 2D Imaginary 
F1 А00 2Е Imaginary 
F1 во 2F Imaginary 
F1 вог 30 Imaginary 
Е2 A10 31 Imaginary 
F2 B11 32 Imaginary 
F2 B12 33 Imaginary 
F2 А00 34 Imaginary 
F2 во 35 Imaginary 
F2 вог 35 Imaginary 
ЕЗ A10 37 Imaginary 
F3 B11 3: Imaginary 
F3 B12 39 Imaginary 
F3 А00 3A Imaginary 
F3 B01 3B Imaginary 
F3 Bo2 зс Imaginary 
F1 A20 B? Real 
F1 B21 B8 Real 
F2 A20 B9 Real 
F2 B21 BA Real 
F3 A20 BB Real 
F3 В21 BC Real | 


POWER-ON INITIALIZATION 


When power is applied to the R96FAX, a period of 100 to 300 ms 
is required for initialization. The power-on-reset signal (POR) 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to Бе configured. 


At POR time the modem defaults to the following configuration: 
V.29/9600 bps, T/2 equalizer, serial mode, training enabled, echo 
protector disable tone, no extended squelch, higher receive 
threshold, interrupts disabled, no link equalizer, RAM access 
codes 00. 


POR can also be used to initialize the users’s host processor. 
it may be connected to a user supplied power-on-reset signal 
in a wire-or configuration. 


PERFORMANCE 


Whether functioning as a V.27 ter or V.29 type modem, the 
R96FAX provides the user with unexcelled high performance. 


Bit Error Rates — The Bit Error Rate (BER) performance of the 
modem 15 specified for a test configuration conforming to that 
specified in CCITT Recommendation V.56, except with regard 
to the placement cf the filter used to bandlimit the white noise 
Source. Bit error rates are measured at a received line signal 
level of -40 dBm as illustrated. 


Phase Jitter —At 2400 bps, the modem exhibits a bit error rate 
of 10-6 or less with a signal-to-noise ratio of 12.5 dB in the 
presence of 15? peak-to-peak phase jitter at 150 Hz or with a 
signal-to-noise ratio of 15 dB in the presence of 30? peak-to- 
peak phase jitter at 120 Hz (scrambler inserted). 


At 4800 bps (V.27 ter), the modem exhibits a bit error rate of 
10-6 or less with a signal-to-noise ratio of 19 dB in the presence 
of 15? peak-to-peak phase jitter at 60 Hz. 


В96ҒАХ 
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At 9600 bps, the modem exhibits a bit error rate of 10-6 or less 
with a signal-to-noise ratio of 23 dB in the presence of 10° peak- 
to-peak phase jitter at 60 Hz. The modem exhibits a bit error 
rate of 10-5 or less with a signal-to-noise ratio of 23 dB in the 
presence of 60° peak-to-peak phase jitter at 30 Hz. 


4800 BPS V.27 TER 
2400 BPS V.27 TER 


7200 BPS V.29 
9600 BPS V.29 


300 BPS 4800 BPS V.29 


= 


0 * 


Bit Error Rate 


= 


075 


10 


12 
ЕМ TO NOISE RATIO (dB) 


14 16 18 20 22 24 


Typical Bit Error Rate Performance 


NOISE 
SOURCE 
681381 
50 KHZ BW 


MODEM 
TRANS- 
MITTER 


IMPAIRMENT 
SOURCE 
BRADLEY 2A 


LINE 
SIMULATOR 


ENGINEERING 
MODEM 
CONSOLE 


NOTE 


Signat and noise are measured with 3 KHz flat weighting. 


INTERFACE CIRCUIT CHARACTERISTICS 


DIGITAL INTERFACE CIRCUITS 


Digital Input Characteristics 
Input Logic State Allowed Input Voltage Levels 
Low 0.0V to +0.8V at -0.01 ПА 
High +2.0V to +5.0V at +0.1 mA 


Notes 
1. The digital inputs are directly TTL/CMOS compatible. The 
capacitive loading on each input is 25 pF (maximum). 
2. Positive current is defined as current into the node. 


Digital Output Characteristics 
[ Input Logic State Allowed Input Voltage Levels | 


Low 0.0V to +0.4V at + 1.6 mA 
High +2.4V to +5.0V at -40 pA 


Notes 
1. The digital outputs are directly CMOS and TTL compatible. 
2. Positive current is defined as current into the node, 


ANALOG INTERFACE CIRCUITS 


Transmitter Output — The transmitter output is a low 
impedance operational amplifier output. To match to 6000, an 
external series resistor is required. 


. 


Receiver Input — The receiver input impedance is 63.4K 
ohm +5%. 


LEVEL 
METER 
HP 3552А 


ATTENUATOR 
HP 350D 


MODEM 
RECEIVER 


ATTENUATOR 
HP 350D 


ENGINEERING 
MODEM 
CONSOLE 


BER Performance Test Set-up 
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Auxiliary Anaiog Input — The auxiliary analog input (AUXIN) 
allows access to the transmitter for the purpose of interfacing 
with user provided equipment. Because this is a sampled data 
input signals above 4800 Hz will cause aliasing errors. The input 
impedance is 1K ohm and the gain to transmitter output is OdB. 


9600 bps Facsimile Modem 


.156 DIA HOLE 


4 PLCS 
.407 
99.4 ма прва ви кб ике MESURE iuo ardeo ds 1 | 
АОИ а НК ЧИ КИ Gane, jaar А ck 2 
= 
_ 40 PIN RIGHT 
ANGLE HEADER 
Header Pin Assignment Printed Circuit Board Dimensions 
R96FAX SPECIFICATIONS 
Power 
ч = 
Voltage Tolerance Current (Typical) Current (Max) 
Г T T 
+5 Vdc +5% 300 тА «500 
+ 12 Мас +5% 5 тА x10 
— 12 Мас +5% 30 тА <50 


Note: All voltages must have 


tipple <0.1 volts peak-to-peak. 


Environmentai 


Relative Humidity 


Parameter Specification 
Temperature 
Operating 0°C to +60°C (32 to 140°F) 
Storage — 40°C to +90°C (—40 to 176°F) (Stored in heat sealed antistatic bag and shipping container) 


Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less. 


Mechanical 


Parameter 


Specification 


Board Structure 


Single PC board with single right angle header with 40 pins 


3VH50/IJNDS or equivalent mating connector. 


Dimensions Width—-2.56 in. (65 mm) 
Length—3.94 in. (100 mm) 
Height-—0.40 in. (1.02 ст) 

Weight Less than 0.16 Ibs. (0.07 kg) 
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Integral Modems 


R96DP 


9600 BPS DATA PUMP MODEM 


Rockwell 


PRELIMINARY 


INTRODUCTION 


The Rockwell R96DP is a synchronous serial 9600 bps modem 
designed for full-duplex operation over either four-wire dedicated 
unconditioned lines or half-duplex operation over the general 
Switched telephone network. 


The modem satisfies telecommunications requirements specified 
in CCITT Recommendations V.29 and V.27 bis/ter. 


The small size and low power consumption of the modem offer 
the user flexibility in creating a 9600 bps modem design 
customized for specific packaging and functional requirements. 


The modem is capable of operating at 9600, 7200, 4800, and 
2400 bps. 


FEATURES 


* User Compatibility: 

— CCITT V.29, and V.27 bis/ter 
Full-Duplex (4-Wire) 

Half-Duplex 

Programmable Tone Generation 
Dynamic Range —43 dBm to 0 dBm 
Diagnostic Capability 

Equalization: 

— Automatic Adaptive 

— Compromise Cable (Selectable) 

— Compromise Link (Selectable) 

DTE Interface: 

— Microprocessor Bus 

— CCITT V.24 (RS-232-C Compatible) 
Loopbacks (V.54 Loop 2, 3 and 4) 

— Local Analog 

— Remote Analog (Locally Activated) 
— Remote Digital (Locally Activated) 
Small Size — 100 mm x 120mm (4.0 x 4.8 inches) 
Low Power Consumption (3 watts, typical) 
Programmable Transmit Output Level 
TTL and CMOS Compatible 


R96DP Modem 


Document No. 29200N07 
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Data Sheet Order No. MD07 
March 1984 


R96DP 


TECHNICAL SPECIFICATIONS 


The following are the technical specifications for the R96DP 
modem. 
TRANSMITTER CARRIER FREQUENCIES 


The transmitter carrier frequencies are giver: in the following 
table: 


Transmitter Carrier Frequencies 


Frequency Type 


V.27 bis/ter Carrier 
V.29 Carrier 


(Hz +0.5 Hz) 


1700 


Specification | 


1800 | 


TONE GENERATION 


Under control of the host processor, the R96DP can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 


SIGNALING AND DATA RATES 


The signaling and data rates for the R96DP are defined in the 
table below: 


Signaling/Data Rates 


Specification 

Parameter (+ 0.01%) 
Signaling Rate: 2400 Baud 
Data Rate: 9600 bps, 

7200 bps, 

4800 bps 
Signaling Rate: 1600 Baud 
Data Rate: | 4800 bps 
Signaling Rate: 1200 Baud 
Data Rate: 2400 bps 


DATA ENCODING 


At 2400 baud, the data stream is encoded per CCITT V.29. At 
9600 bps, the data stream is divided in groups of four-bits (quad- 
bits) forming a 16-point structure. At 7200 bps, the data stream 
is divided into three bits (tribits) forming an 8-point structure. 
At 4800 bps, the data stream is divided into two bits (dibits) 
forming a 4-point structure. 


At 1600 baud, the 4800 bps data stream is encoded into tribits 
per CCITT V.27 bis/ter. 


At 1200 baud, the 2400 bps data stream is encoded into dibits 
per CCITT V.27 bis/ter. 


EQUALIZERS 


Тһе R96DP provides equalization functions that improve рег- 
formance when operating over low quality lines. 


Cable Equalizers — Selectable compromise cable equalizers 
in the receiver and transmitter are provided to optimize perform- 
ance over different lengths of non-loaded cable of 0.4 mm 
diameter. 
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Link Equalizers — Selectable compromise link equalizers in the 
receiver optimize performance over channels exhibiting severe 
amplitude and delay distortion. Two standards are provided: U.S. 
survey long and Japanese 3-link. 


Automatic Adaptive Equalizer — An automatic adaptive 
equalizer is provided in the receiver circuit. The equalizer can 
be configured as either a T or a T/2 equalizer. 


TRANSMITTED DATA SPECTRUM 


№ the cable equalizer is not enabled, the transmitter spectrum 
is shaped by the following raised cosine filter functions: 

1. 1200 Baud. Square root of 90 percent 

2. 1600 Baud. Square root of 50 percent 

3. 2400 Baud. Square root of 20 percent 

The out-of-band transmitter power limitations meet those 
specified by Part 68 of the FCC's Rules, and typically exceed 
the requirements of foreign telephone regulatory bodies. 


SCRAMBLER/DESCRAMBLER 


The Н96ОР incorporates a self-synchronizing scrambier/ 
descrambler. This facility is in accordance with either V.27 bis/ter 
or V.29 depending on the selected configuration. 


RECEIVED SIGNAL 
FREQUENCY TOLERANCE 


The receiver circuit of the R96DP can adapt to received 
frequency error of up to + 10 Hz with less than 0.2 dB degrada- 
tion in BER performance. 


RECEIVE LEVEL 


The receiver circuit of the modern satisfies all specified perform- 
ance requirements for received line signal levels from 0 dBm 
to –43 dBm. The received line signal level is measured at the 
receiver analog input (RXA). 


RECEIVE TIMING 


The R96DP provides a data derived Fleceive Data Clock 
(RDCLK) output in the form of a squarewave. The low to high 
transitions of this output coincide with the centers of received 
data bits. The timing recovery circuit is capable of tracking a 
+0.01% frequency error in the associated transmit timing 
source. 


TRANSMIT LEVEL 


The transmitter output level is accurate to + 1.0 dB and is pro- 
grammable from — 1.0 dBm to — 15.0 dBm in 2 dB steps. 


TRANSMIT TIMING 


The R96DP provides a Transmit Data Clock (TDCLK) output with 

the following characteristics: 

1. Frequency. Selected data rate of 9600, 7200, 4800, or 
2400 Hz (+0.01%). 

2. Duty Cycle. 50% + 1% 
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Input data presented on TXD is sampled by the R96DP at the 
low to high transition of TDCLK. Data on TXD must be stable 
for at least one microsecond prior to the rising edge of TDCLK 
and remain stable for at least one microsecond after the rising 
edge of TDCLK. 


EXTERNAL TRANSMIT CLOCK 

The transmitter data clock (TDCLK) can be phase locked to a 
signal on input XTCLK. This input signal must equal the desired 
data rate to +0.01% with a duty cycle of 50% +20%. 
TURN-ON SEQUENCE 


A total of 14 selectable turn-on sequences can be generated 
as defined in the following table: 


Turn-On Sequences 


1 ст 
Response Time 
No.| V.29 V.27 bis/ter | (milliseconds) Comments 
4 
1 19600 bps 253 
2 |7200 bps 253 
3 |4800 брз 253 
4 4800 bps long 708 
5 2400 bps long 943 
6 4800 bps short 50 
7 2400 bps short 67 
8 |9600 bps 458 Preceded by 
9 |7200 bps 458 Echo Suppressor 
10 |4800 bps 458 Disable Tone 
11 4800 bps long 913 for lines using 
12 2400 bps iong 1148 echo suppressors” 
13 4800 bps short 255 
14 2400 bps short] — 272 
“For short echo protect tone, subtract 155 ms from values of 
CTS response time. 


TURN-OFF SEQUENCE 


For V.27 ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones at 1200 baud or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms period of no transmitted energy. For V.29, 
the turn-off sequence consists of approximately 5 ms of remain- 
ing data and scrambled 175 followed by a 20 ms period of no 
transmitted energy. 


CLAMPING 


Received Data (RXD) is clamped to a constant mark (one) 
whenever the Received Line Signal Detector (RLSD) is off. 


RESPONSE TIMES OF CLEAR-TO-SEND (CTS) 


The time between the off-to-on transition of Request-To-Send 
(RTS) and the off-to-on transition of CTS is dictated by the length 
of the training sequence and the echo suppressor disable tone, 
if used. These times are listed in the Turn-On Sequences table. 
If training is not enabled RTS/CTS delay is less than 1 ms. 
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The time between the on-to-off transition of RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 


RECEIVED LINE SIGNAL DETECTOR (RLSD) 


For either V.27 bis/ter or V.29, RLSD turns on at the end of the 
training sequence. If training is not detected at the receiver, the 
RLSD off-to-on response time is 15 +10 ms. The RLSD 
on-to-off response time for V.27 is 10 +5 ms and for V.29 is 
30 +9 ms. Response times are measured with a signal at least 
3 dB above the actual RLSD on threshold or at least 5 dB below 
the actual RLSD off threshold. 


The RLSD on-to-off response time ensures that ali valid data 
bits have appeared on RXD. 


Four threshold options are provided: 
1. Greater than — 43 dBm (RLSD on) 
Less than - 48 dBm (RLSD off) 

2. Greater than — 33 dBm (RLSD on) 
Less than - 38 dBm (RLSD off) 

3. Greater than – 26 dBm (RLSD on) 
Less than — 31 dBm (RLSD off) 

4. Greater than – 16 dBm (RLSD on) 
Less than — 21 dBm (RLSD off) 


NOTE 
Performance may be at a reduced level when the received 
signa! is less than —43 dBm. 


A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated carrier 
signal applied to the receiver's audio input (АХА). 


MODES OF OPERATION 


The R96DP is capable of being operated in either a serial or 
a parallel mode of operation. 


SERIAL MODE 


The serial mode uses standard V.24 (RS-232-C compatible) 
signals to transfer channel data. An optional USRT device 
(shown in the Functional Interconnect Diagram) illustrates this 
capability. 


PARALLEL MODE 


The R96DP has the capability of transferring channel data up 
to eight bits at a time via the microprocessor bus. 


MODE SELECTION 


Selection of either the serial or parallel mode of operation is by 
means of a control bit. To enable the parallel mode, the control 
bit must be set to a 1. The modem automatically defaults to the 
serial mode at power-on. In either mode the R96DP is configured 
by the host processor via the microprocessor bus. 


R96DP 9600 bps Data Pump Modem 


г-=- 


USRT С 


(OPTIONAL) 


| XTCLK 


< 
R 


EYE 
PATTERN 


basa 


POWER 
SUPPLY 


HOST TELEPHONE 
PROCESSOR LINE 
(DTE) INTERFACE |-4- 
R96DP Functional Interconnect Diagram 
INTERFACE CRITERIA R96DP Hardware Supervisory Circuits (Cont.) 
5 
А S N | А ipti 
The modem interface comprises both hardware and software ате І ир PIENO z Description 
circuits. Hardware circuits are assigned to specific pins in a B. MICROPROCESSOR INTERFACE: 
64-pin DIN connector. Software circuits are assigned to specific D7 Џој 1C 
bits in a 48-byte interface memory. D6 yo ТА 
05 vO 2c 
04 yo 2A Data Bus (8 Bits) 
03 yo 3A 
HARDWARE SUPERVISORY CIRCUITS o ie А 
Signal names and descriptions of the hardware supervisory DO yo 5C 
circuits, including the microprocessor interface, are listed in RS3 | 6С 
the R96DP Hardware Supervisory Circuits table. The micro- RS2 | 6A Register Select (4 Bits) 
processor interface is designed to be directly compatible with RS1 ! 7С 
an 8080 microprocessor. With the addition of a few external logic RSO | ТА 
gates, it can be made compatible with 6500, 6800, ог 68000 cso | ie chip En и Вак 0 
i CS1 ip Select for Bank 1 
т'єгоргосеззогв: CS? | 9A | Chip Select tor Bank 2 
READ | 12С Read Enable 
WRITE І 11А Write Enable 
R96DP Hardware Supervisory Circuits RQ ы He Interrupt Request 
| Мате |/О Pin No. | Description СУ ЗА INTERFACE: 
А. OVERHEAD: RDCLK о 21А Receive Data Clock 
| 2 Е TDCLK о 23A Transmit Data Clock 
AGND | 31C,32C Analog Ground XTCLK i 22A External Transmit Clock 
DGND | 3C,8C,5A,10A  |Digital Ground RTS | 25А Request-to-Send 
+5 volts | | 19С,23С,26С,30С | +5 volt supply CTS о 25C Clear-to-Send 
+12 volts | | 15A +12 volt supply TXD | 24C Transmitter Data 
-12 volts | 12А ~12 volt supply АХО о 22C Receiver Data 
POR Де] 130 Power-on-reset RLSD о 24A Received Line Signal Detector 
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R96DP 
R96DP Hardware Supervisory Circuits (Cont.) 
Name ио | Pin Мо. Description 
D. ANCILLARY CIRCUITS: 
RBCLK о 26А Receiver Baud Clock 
TBCLK о 27C Transmitter Baud Clock 
E. ANALOG SIGNALS: 


Transmitter Analog Output 
Receiver Analog Input 
Auxiliary Апаюд Input 


WRITE 


Microprocessor interface Timing Diagram 


Criticai Timing Requirements 


Characteristic Units 


CSi, RSi setup time prior 
to Read or Write 


Data access time after Read 
Data hold time after Read 


CSi, RSi hold time after 
Read or Write 


Write data setup time 
Write data hold time 


Write strobe pulse width 


INTERFACE MEMORY 


The R96DP has three banks of 16 input/output (ИО) registers 
to which an external (host) microprocessor has access. Although 
these I/O registers are within the modem, they may be addressed 
as part of the host processor’s memory space. These I/O 
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registers are collectively referred to as interface memory. See 
R96DP Interface Memory table. Access to the three banks of 
registers (bank 0, bank 1 and bank 2) is enabled by the Chip 
Select signals CS0, CS1 and CS2 respectively. Four Register 
Select signals (RSO, RS1, RS2, and RS3 are provided to address 
an individual register within an enabled bank. Registers in bank 1 
operate at the sample rate of 9600 samples per second. 
Registers in banks 0 and 2 operate at the selected baud rate. 


R96DP interface Memory 


(HEX) 
Description 


Reg No. 

Do Not Use 
Transmitter Handshake 
Do Not Use 
Do Not Use 
Do Not Use 
Do Not Use 
Do Not Use 
Do Not Use 
Transmitter Option 
Transmitter Configuration 
Equalizer 
Loop/Level 
FREQM 
FREQL 
Do Not Use 
Transmitter Data 


Do Not Use 

Receiver Sample Handshake 
Do Not Use 

Do Not Use 

Receiver Baud Status 

Do Not Use 

Receiver Sample Status 2 
Receiver Sample Status 1 
Receiver Option 

Receiver Configuration 
Diagnostic Control XS 
Diagnostic Control YS 
Diagnostic Data XSM 
Diagnostic Data XSL 
Diagnostic Data YSM 
Diagnostic Data YSL; 
Receiver Data 


Do Not Use 

Receiver Baud Handshake 
Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 
Diagnostic Control XB 
Diagnostic Control YB 
Diagnostic Data XBM 
Diagnostic Data XBL 
Diagnostic Data YBM 
Diagnostic Data YBL 


Bank 


алаа о c c o c ~ ~ ~ ~ шз ш л –"|ооооосооо 00 000000 


осеэовоочоо>пгоотт|,осемоокоо-аоо>ошоОтт 


МОМА ОРАО љо № № № 


O—-moroo-oo»goumm 


| 
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When information in these ИО registers is being discussed, the 
format Y:Z:Q is used. The bank is specified by Y(0-2), the register 
by Z(0-F), and the bit by Q(0-7, 0 - LSB). A bit is considered to 
be “оп” when set to a 1. 


SOFTWARE SUPERVISORY CIRCUITS 


The operation of the R96DP is affected by a number of software 
control inputs. These inputs are written into registers within the 
modem via a microprocessor bus under external control. Bits 
designated by an X are “Don’t Саге” inputs that can be set to 
either 1 or 0. Modem operation is monitored by various software 
flags that are read from modem registers using the same 
microprocessor bus. Bits designated by an X are "undefined" 
outputs that may be either 1 or 0. The functions of all modem 
VO registers are listed in the R96DP Interface Memory table and 
are defined as follows: 


TRANSMITTER CONFIGURATION REGISTER 


The host processor configures the R96DP transmitter by writing 
a control byte into the transmitter configuration register (0:6) in 
its interface memory space as shown in the following table: 


Transmitter Configuration Register (0:6) 
вит | вив | Bits | вид | виз | виг | ви | Bito 
TNXMT | 0 | TLTS | TV29 | x | ТОВ | ТОВ2 | ron: 


Definition of Transmitter Configuration Terms: 


ТМХМТ. . Tone Transmit 

ТЕТ. Transmitter Long Training Sequence 

TV29. Transmitter V.29 Configuration 

TDR3. Transmitter Data Rate 3 (Selects 9600 bps/V.29) 

TDR2. Transmitter Data Rate 2 (Selects 7200 bps/V.29, 
and Selects 4800 bps/V.27) 

TDR1. Transmitter Data Rate 1 (Selects 4800 bps/V.29, 
and Selects 2400 bps/V.27) 


Control bytes for the three configurations are given in hex- 
adecimal format in the following table: 


Conflguration Control Bytes 


No. Configuration Configuration Bytes (HEX) 
1 V.29 9600 14 
V.29 7200 12 
V.29 4800 11 
2 V.27 4800 Long 22 
V.27 2400 Long 21 
V.27 4800 Short 02 
L V.27 2400 Short 01 
3 Tone Transmit 80 
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Definition of Transmitter Configurations: 


1. 


V.29. When any of the V.29 configurations have been 
selected, the modem operates as specified in CCITT recom- 
mendation V.29. 


. V.27. When any of the V.27 configurations have been 


selected, the modem operates as specified in CCITT recom- 
mendation V.27. 


. Tone Transmit. In this configuration, activating signal RTS 


causes the modem to transmit a tone al a single frequency 
Specified by the user. Two registers іг the host interface 
memory space contain the frequency code. The most signifi- 
cant bits are specified in the FREQM register (0:3). The least 
significant bits are specified in the FREQL register (0:2). The 
least significant bit represents 0.146484 Hz +0.01%. 


TRANSMITTER OPTION 

The host processor conveys option information to the transmit- 
ter by writing a control byte into the Option Register (0:7) in its 
interface memory space as shown in the table below: 


Transmitter Option Register (0:7) 


вит | Bite | Bits | Bits | виз | виг | вит | Bito | 


RTS | тт01= | $013 | MHLO| EDIS | ТРЭМ | ХСЕМ | зеот | 


Definition of Transmitter Option Terms: 


RTS: Request-to-Send 

TTDIS: | Transmitter Training Disable 

SDIS: Scrambler Disable 

MHLD: Mark Ноја 

EDIS: Echo Protector Disable 

TPDM: Transmitter Parallel Data Mode 
XCEN: External Clock Enable 

SEDT: Short Echo Protection Disable “one 


Definition of Transmitter Options: 


1. 


Request-to-Send. The R96DP begins а transmit sequence 
when the RTS bit (0:7:7) is turned on and continues transmit- 
ting until RTS is turned off and the turn-ofl sequence has been 
completed. This input bit parallels the operation of the hard- 
ware RTS control input. 


. Transmitter Training Disable. When the TTDIS bit (0:7:6) is 


on, the transmitter does not generate à training sequence 
at the start of transmission. 


. Scrambler Disable. When the SDIS bit (0:7:5) is on, the 


transmitter scrambler circuit is removed from the data path. 


. Mark Hold. When the MHLD bit (0:7:4) is on, the transmit- 


ter input data stream is forced to all marks (1’s). 


. Echo Protector Disable. When the EDIS bit (0:7:3) is on, an 


unmodulated carrier is transmitted for 185 ms (optionally 
30 ms) followed by 20 ms of no transmitted energy at the start 
of transmission. Note that this option is available in both V.27 
and V.29 configurations although it is not specified in the 
CCITT V.29 recommendation. 
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6. Transmitter Parallel Data Mode. When the TPDM bit (0:7:2) 
is on, the transmitter accepts data for transmission from the 
data input register rather than the serial hardware data input. 


7. External Clock Enable. When the XCEN bit (0:7:1) is on, the 
transmitter timing is established by the external clock sup- 
plied at the hardware input XTCLK (pin 224). 


8. Short Echo Protector Disable Tone. When the SEDT bit (0:7:0) 
is on, the echo protector disable tone is 30 ms long rather 
than 185 ms. 


EQUALIZER 


The host processor conveys equalizer selection information to 
the modem by writing a control byte into the equalizer register 


(0:5) in the interface memory space as shown in the following: 
Bit7 | Bite | ви | вка | виз | ви2 | вит | во | 
X X |САВЅ2 |САВЅ1 | LAEN | LOEN | A3L | D3L 

Definition of Equalizer Terms: 


CABS1,2: Cable Equalizer (Selects bits 1 or 2) 
LAEN: Link Amplitude Equalizer Enable 
LDEN: Link Delay Equalizer Enable 

A3L: Amplitude 3-Link Select 

031: Delay 3-Link Select 


Equalizer Register (0:5) 


Definition of Equalizer Parameters: 


1. Cable Equalizer. The cable equalizer select bits simulta- 
neously control amplitude and delay compromise equalizers 
in both the transmit and receive paths. The following table 
gives the possible bit combinations. 


Cable (0.4 mm diameter) Equalizer Selection 


CABS2 CABS! — | Cable Length 
0 0 00 
0 1 1.8 km 
1 0 3.6 km 
1 1 72 кт 


2. Link Equalizer. Тһе link equalizer enable and select bits 
control separate amplitude and delay compromise equalizers 
in the receive path. The following tables give the possible bit 
combinations. 


Link Amplitude Equalizer Selection 


| LAEN A3L Curve Matched _ | 
0 x No Equalizer 
1 о U.S. Survey Long 
1 1 Japanese 3-Link 


Link Delay Equalizer Selection 


LDEN | Оз. Curve Matched _ | 
0 X No Equalizer 
1 0 U.S. Survey Long 
1 1 Japanese 3-Link 
LOOP/LEVEL 


The host processor conveys loopback selection and transmit- 
ter output level to the modem by writing a control byte into the 
loop/level register (0:4) in the interface memory space as shown 
in the following table: 


Loop/Level Register (0:4) 
| ви | Bite | Bits | вид | виз | Bit2 | Bi t | Bito 
[tsACT|L4ACT| ана | тіз | ті? | пм [12Аст| x 


Oefinition of Loop/Level Terms: 


L3ACT: Local Analog Loopback (CCITT loop 3) Activate 
L4ACT: Remote Analog Loopback (CCITT loop 4) Activate 
L4HG: Loop 4 High Gain 

TL3-TL1: Transmitter Level (Selects bits 3, 2, and 1) 
L2ACT: Remote Digital Loopback (CCITT loop 2) Activate 


Definition of Loop/Level Control: 


1. Local Analog Loopback Activate. When the L3ACT bit (0:4:7) 
is on, the transmitter analog output is coupled to the receiver 
analog input through an attenuator in accordance with CCITT 
recommendation V.54 loop 3. 


2. Remote Analog Loopback Activate. When the L4ACT bit 
(0:4:6y is on, the receiver analog input is connected to the 
transmitter analog output through a variable gain amplifier. 


3. Loop 4 High Gain. When the L4HG bit (0:4:5) is on, the loop 
4 variable gain amplifier is set for + 16 dB. When L4HG is 
off, the gain is 0 dB. 


4. Remote Digital Loopback Activate. When the L2ACT bit 
(0:4:1) is on, the receiver digital output is connected to the 
transmitter digital input in accordance with CCITT recommen- 
dation V.54 loop 2. 


5. Transmitter Level Select 3, 2 апа 1. Transmitter analog out- 
put level is determined by bits TL3, TL2, and TL1 as shown 
in the following table: 


Transmitter Level Selection 


TL3 TL2 TL1 Transmitter Analog Output 
0 0 0 - 0.5 dBm +0.5 ав“ 
0 0 1 - 2.5 dBm +0.5 dB 
0 1 0 — 4.5 dBm +0.5 dB 
0 1 1 — 6.5 dBm +0.5 dB 
1 0 0 — 8.5 dBm +0.5 dB 
1 0 1 — 10.5 dBm +0.5 dB 
1 1 0 — 12.5 dBm +0.5 dB 
1 1 1 - 14.5 dBm +0.5 dB 


“Each step is a 2 dB change +0.2 dB 
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TRANSMITTER DATA 


The host processor conveys output data to the transmitter in 
parallel mode by writing a data byte to the transmitter Data 
Register (0:0) in the interface memory space. The data must be 
divided on integral baud boundries as shown in the following 
table: 


Transmitter Data Register (0:0) 


Conflguration | Bit 7 | Bit 6 | ВИ 5 | Bit 4 | Bit 3, Bit 2 | Bit 1 [Bit o 
V.29 9600 bps Baud 1 Baud 0 
V.29 7200 bps x Baud 1 Baud 0 
V.29 4800 bps; Baud 3 Baud 2 Baud 1 Baud 0 
L 
V.27 4800 bps| X Baud! — ' Ваџао 
V.27 2400 bps| Baud3 | Baud2 | Baud1 | Baudo 
———4_. 
NOTE: Data Transmitted Bit 0 First. 


FREQM/FREQL 


The host processor conveys tone generation data to the transmit- 
ter by writing a 16-bit data word to the FREQM/FREQL registers 
(0:3 and 0:2) in the interface memory space as shown in the 
following tables: 


ЕНЕОМ Register 


| вит | Bite | Bits | вка | виз | ви? | вит | Bito 
| 215 | 214 213 212 211 | 210 | 29 | 28 


FREQL Register 


| ви | Bite | Bits | виа | виз | виг | вит | Bito 


[z | 2 | 2 | 2 | 2 | 22 21 20 


The frequency number (М) determines the frequency (F) as 
follows: F=0.146484N Hz +0.01% 


Hexadecimal frequency numbers (FREQM, FREQL) for com- 
monly generated tones are given in the following table: 


Commonly Generated Tones 


Frequency | FREQM FREQL 
462 Hz 0C 52 
1100 Hz 1D 55 
1650 Hz 2C 00 
1850 Hz 31 55 
2100 Hz 38 00 


TRANSMITTER HANDSHAKE 


The host processor performs a handshake sequence with the 
transmitter by controlling and testing bits in the transmitter hand- 
shake register (0:E) in the interface memory space as shown 
in the following table: 


Bit7 
TIA 


Transmitter Handshake Register (0:E) 


Bit6 | Bits | Bit4 | ви 3 | виг | Bit 1 
т58 | ТЕ | X 


Bit o | 
ТВА | 
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Definition of Transmitter Handshake Terms: 


ПА: Transmitter Interrupt Active 
TSB: Transmitter Setup Bit 

TIE: Transmitter Interrupt Enable 
TBA: Transmitter Buffer Available 


Definition of Transmitter Handshake Sequences: 


1. Transmitter Buffer Available. The TBA oit goes off when the 
host processor writes data to transmitter data register (0:0). 
When the transmitter empties register 0:0 the TBA bit is on. 


2. Transmitter Interrupt Enable. When the host processor writes 
а 1 in the TIE bit, the IRQ line of the hardware interface 
is driven iow when TBA is on. 


3. Transmitter interrupt Active. Status bil TIA is on whenever 
the transmitter is driving IRQ low. 


4. Transmitter Setup Bit. When the host processor changes the 
transmitter configuration register, the host must write a 1 in 
the TSB bit. Bit TSB goes to 0 when the change becomes 
effective. 


RECEIVER CONFIGURATION 


The host processor configures the receiver by writing a control 
byte into the receiver configuration register (1:6) in the interface 
memory space as shown in the following table: 


Receiver Configuration Register (1:6) 
вит | Bite | виз | вка | Bits | виг | вит | Bito | 
| x | x [ате | ву | x | RDAs | ROR2 | Ron: 


Definition of Receiver Configuration Terms: 


RLTS: Receiver Long Training Sequence 

RV29: Receiver V.29 Configuration 

RDR3: Receiver Data Rate 3 (Selects 9500 bps/V.29) 

RDR2: Receiver Data Rate 2 (Selects 7200 bps/V.29 and 
Selects 4800 bps/V.27) 

RDR1: Receiver Data Rate 1 (Selects 4300 bps/V.29 and 


Selects 2400 bps/V.27) 


Control words for the two receiver configurations are given in 
hexadecimal format in the foilowing table: 


Receiver Configuration Control 


No. | Configuration Configuration Word (HEX) 

1 \.29 9600 14 
\.29 7200 12 

\.29 4800 11 

2 V.27 4800 Long 22 
V.27 2400 Long 21 

V.27 4800 Short 02 

V.27 2400 Short 01 
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Definition of Receiver Configurations: 


1. V29. When any of the V.29 configurations has been 
selected, the transmitter operates as specified in CCITT 
recommendation V.29. 


2. У27 When any of the V.27 configurations has been selected, 
the transmitter operates as specified in CCITT recommen- 
dation V.27. 


‚ RECEIVER OPTION 


The host processor conveys option information to the transmit- 
ter by writing a control byte into the option register (1:7) in its 
interface memory space as shown in the following table: 


Receiver Option Register (1:7) 
вит | вив | Bits | вид | виз | ви2 | ви: | Bito | 


DDIS | вРОМ | swat | вмат | 72 | ато | 


Definition of Receiver Option Terms: 


RTH2, 1: Receiver Energy Detector Threshold (Bits 2 and 1) 
DDIS: Descrambler Disable 

RPDM: Receiver Parallel Data Mode 

SWRT: Sample Write 

BWRT: Baud Write 

T2: T/2 Equalizer Select 

RTDIS: Receiver Training Disable 


Definition of Receiver Options: 


1. Receiver Energy Detector Threshold (Bits 2 and 1) The 
receiver energy detector threshold is set by bits RTH2 and 
RTH1 according to the following table: 


Receiver Energy Detect Threshoids 


[RTH2 | RTH1 RLSD On RLSD Off 
0 0 > -43 dBm < -48 dBm 
0 1 > -33 dBm < -38 dBm 
1 0 > -26 dBm < -31 dBm 
1 1 > -16 dBm < -21 dBm 


2. Descrambler Disable. When the DDIS bit (1:7:5) is on, the 
receiver descrambler circuit is removed from the data path. 


3. Receiver Parallel Data Mode. When the RPDM bit (1:7:4) is 
on, the receiver supplies data to the receiver data register (1:0) 
in parallel with the hardware serial data output. 


4. Sample Write. When the SWAT bit (1:7:3) is on, the 16-bit 
word in registers 1:1 and 1:0 is written in the RAM location 
specified by the contents of register 1:4. 


5. Baud Write. When the BWRT bit (1:7:2) is on, the 16-bit word 
in locations 2:1 and 2:0 is written in the RAM location specified 
by the contents of register 2:4. 
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6. 1/2 Equalizer Select. When the T2 bit (1:7:1) is on, an adap- 
tive equalizer with two taps per baud is used. When T2 is off 
the equalizer has one tap per baud. 


7. Receiver Training Disable. When the RTDIS bit (1:7:0) is on, 
the receiver is prevented from recognizing a training 
sequence. 


RECEIVER SAMPLE HANDSHAKE 


The host processor performs a handshake sequence with the 
receiver sample rate device by controlling and testing bits in the 
receiver sample handshake register (1:E) in the interface memory 
space as shown in the following table: 


Receiver Sampie Handshake Register (1:Е) 


ви 5 | виа | Bits | виг 
X х | RSSB | ASIE 


Bit 1 | Bit o 
X RSDA 


Definition of Receiver Sampie Handshake Terms: 


RSIA: Receiver Sample Interrupt Active 
RSSB: Receiver Sample Setup Bit 

RSIE: Receiver Sample Interrupt Enable 
RSDA: Receiver Sample Data Available 


Definition of Receiver Sample Handshake Sequence: 


1. Receiver Sample Data Available. The RSDA bit goes on 
when the receiver writes data into the receiver data register 
(1:0). The bit goes off when the host processor reads data 
from register 1:0. 


2. Receiver Sample Interrupt Enable. When the host processor 
writes a 1 in the RSIE bit, the IRQ line of the hardware inter- 
face is driven low when RSDA is on. 


3. Receiver Sample Interrupt Active. Status bit RSIA is on 
whenever the Receiver Sample rate device is driving IRQ low. 


4. Receiver Setup Bit. When the host processor changes the 
receiver configuration or bits 6 or 7 in the option register, the 
host must write a 1 in the RSB bit. Bit RSB goes to 0 when 
the changes become effective. 


RECEIVER BAUD HANDSHAKE 


The host processor performs a handshake sequence with the 
receiver baud rate device by controlling and testing bits in the 
receiver baud handshake register (2:E) in the interface memory 
Space as shown in the following table: 


Receiver Baud Handshake Register (2:E) 
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Definition of Receiver Baud Handshake Terms: 


RBIA: Receiver Baud Interrupt Active 
RBIE: Receiver Baud Interrupt Enable 
RBDA: Receiver Baud Data Available 


Definition of Receiver Baud Handshake Sequence: 


1. Receiver Baud Data Available. The RBDA bit goes on when 
the receiver writes data into register (2:0). The bit goes off 
when the host processor reads data from register 2:0. 


2. Receiver Baud Interrupt Enable. When the host processor 
writes a 1 in the RBIE bit, the IRQ line of the hardware inter- 
face is driven low when RBDA is on. 


3. Receiver Baud Interrupt Active. Status bit RBIA is on 
whenever the receiver baud rate device is driving IRQ low. 


RECEIVER SAMPLE STATUS 


The host processor has access to various status bits that reflect 
operation of the receiver sample rate device. These bits can be 
tested by the host by reading the receiver sample status word 
(1:8 and 1:9) in the interface memory space as shown in the 
following tables: 


Receiver Sample Status Register 1 (1:8) 


| ви7 | Bre | Bits | вка | виз | виг | вет | Bto 
|х | x x x x |Р20ЕТ| x X 
Receiver Sample Status Register 2 (1:9) 
вит | Bite | Bits | вка | виз | виг | ви! | Bito 
X |FED| x x | x | x X X 


Definition of Receiver Sample Status Terms: 


P2DET: Period Two Detector 
FED: Fast Energy Detector 


Definition of Receiver Sample Status Conditions: 


1. Period Two Detector When the P2DET bit (1:8:2) is off, it indi- 
cates that a P2 sequence has been detected. This bit sets 
to a 1 at the start of the receive data state. 


2. Fast Energy Detector. When the FED bit (1:9:6) is off, it indi- 
cates that energy above the receiver threshold is present in 
the passband. 
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RECEIVER BAUD STATUS 


The host processor has access to status bits that reflect opera- 
tion of the receiver baud rate device. These bits can be tested 
by the host by reading the receiver baud status word (1:B) in 
the interface memory space as shown in the following table: 


Receiver Baud Status Reglster (1:B) 


Bit 2 | Bit | Bit 0 
X X CDET 


вит | Bite | Bits | вид | виз 
x |РМРЕТ| x х x 


Definition of Receiver Baud Status Terms: 


PNDET: Period N Detector 
CDET: Carrier Detector 


Definition of Receiver Baud Status Conditions: 


1. Period N Detector. When the PNDET bit (1:8:6) is off, it indi- 
cates a PN sequence has been detected. This bit sets to a 
1 at the end of the PN sequence. 


2. Carrier Detector. When the CDET bit (1:B:0) is off, it indicates 
that passband energy is being detected and that a training 
sequence is not in process. It goes off at start of data state 
and goes to а 1 at end of received signal. 


RECEIVER DATA 


The host processor accepts input data from the receiver in 
parallel mode by reading a byte from the receiver data register 
(2:0) in the interface memory space. The data is divided on inte- 
gral baud boundries identical to the transmitter data register with 
bit 0 received first. Note that the receiver data register is used 
for diagnostic data in the serial mode. 


DIAGNOSTIC CAPABILITIES 


The R96DP provides the user with access to much of the data 
stored in the modem’s memories. This data is a useful tool in 
performing certain diagnostic functions. 


HARDWARE DIAGNOSTIC CIRCUITS 


Signal names and descriptions of the hardware diagnostic 
circuits are given in the following table: 


Hardware Diagnostic Circuits 


Name Дә] Pin No. Description 
+ 
ЕУЕХ 0 15С Eye Pattern Data — Х Axis 
EYEY 0 14А Eye Pattern Data — У Axis 
EYECLK 0 14С Eye Pattern Clock 
EYESYNC 0 13A Eye Pattern Synchronizing 
| Signal 
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Eye Pattern Generation — The four hardware diagnostic circuits 
allow the user to generate and display an eye pattern. Circuits 
EYEX and EYEY serially present eye pattern data for the horizon- 
tal and vertical display inputs respectively. The 8-bit data words 
are shifted out most significant bit first, clocked by the rising 
edge of the EYECLK output. The EYESYNC output is provided 
for word synchronization. The falling edge of EYESYNC may 
be used to transfer the 8-bit word from the shift register to a 
holding register. Digital to analog conversion can then be per- 
formed for driving the X and Y inputs of an oscilloscope. 


SOFTWARE DIAGNOSTIC CIRCUITS 


Each receiver device (sample rate and baud rate) contains six 
registers in the interface memory space dedicated to reading 
and writing modem RAM locations from the host processor bus. 
Four of these registers are organized into 2-byte data words and 
the remaining two registers form 1-byte control registers that hold 
RAM access codes. Data is read from RAM into the data 
registers. Data is written into RAM from the data registers. The 
RAM location involved in the data transfer is specified by the 
RAM access code stored in the associated diagnostic control 
register. The diagnostic registers are related as shown in the 
following table: 


Software Diagnostic Registers 


Control Data Word | Data Word 
Device | Register Write Bit (MSB) (LSB) 
Sample | XS (1:5) None XSM (1:3) XSL (1:2) 
Sample | YS (1:4) | SWRT (1:7:3) | YSM (1:1) YSL (1:0)* 
Baud | X8 (2:5) None XBM (23) | XBL (2:2) 
Baud | YB (2:4) | BWAT (1:7:2) | YBM (2:1) | YBL (2:0) 
*In parallel mode, register 1:0 is used for receive data and 
not diagnostic data. 


Data transfer is regulated by the appropriate data available bit. 
Reading always takes place at the designated rate, and data 
left in the data registers is overwritten each cycle. When the 
associated write bit is set, a write cycle is performed each time 
the associated data available bit is off. 


The eight bits of registers 2:3 and 2:1 are continuously presented 
serially on hardware interface lines EYEX and EYEY 
respectively. 


RAM ACCESS CODES 


The following table lists access codes for frequently used RAM 
data: 
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RAM Access Codes 


Real imag. 
Bank Function Access | Access 

1 Received Signal Samples co - 
Demodulator Output C2 42 
Low Pass Filter Output D4 54 
One Baud Energy — 04 
AGC Gain Word — MSB's 81 — 
AGC Gain Word — LSB's — 01 
2 Equalizer tnput со 40 

Equalizer Tap Coefficients 81-АО 01-20 
Unrotated Equalizer Output E1 61 

Rotated Equalizer Output 

(Received Points) A2 22 
Decision Points (Ideal Data Points) E2 62 
Error ЕЗ 63 
Rotation Angle - 00 
Frequency Correction (MSB’s) AA - 
Frequency Correction (115875) — 2А 
ЕОМ 28 — 


POWER-ON INITIALIZATION 


When power is applied to the R96DP, a period of 100 to 300 ms 
is required for initialization. The power-on-reset signal (POR) 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to operate. At POR time 
the modem defaults to the following configuration: V.29, 
9600 bps, T/2, long echo protect disable tone, serial data mode, 
internal clock, cable select 1.8 Km, amplitude and delay 
equalizers enabled and Japanese 3 link curves selected, 
transmitter output level set to -0.5 dBm +0.5 dB, interrupts 
disabled, and receiver threshold set to - 43 dBm. 


POR can also be used to initialize the users’s host processor. 
it may be connected to a user supplied power-on-reset signal 
in a wire-or configuration. 


PERFORMANCE 


Whether functioning as a V.27 bis/ter or V.29 type modem, the 
R96DP provides the user with unexcelled high performance. 


Bit Error Rates — The Bit Error Rate (BER) performance of the 
modem is specified for a test configuration conforming to that 
specified in CCITT recommendation V.56, except with regard 
to the placement of the filter used to bandlimit the white noise 
source. Bit error rates are measured at a received line signal 
level of -40 dBm as illustrated. 


Phase Jitter —At 2400 bps, the modem exhibits a bit error rate 
of 10-5 or less with a signal-to-noise ratio of 12.5 dB in the 
presence of 15° peak-to-peak phase jitter at 150 Hz or with а 
signal-to-noise ratio of 15 dB in the presence of 30° peak-to-peak 
phase jitter at 120 Hz (scrambler inserted). 
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At 4800 bps (V.27 bis/ter), the modem exhibits a bit error rate At 9600 bps, the modem exhibits a bit error rate of 10-6 or less 
of 10-6 or less with a signal-to-noise ratio of 19 dB in the with a signal-to-noise ratio of 23 dB in the presence of 10° peak- 
presence of 15° peak-to-peak phase jitter at 60 Hz. to-peak phase jitter at 60 Hz. The modem exhibits a bit error 


tate of 10-5 or less with a signal-to-noise ratio of 23 dB in the 
presence of 60° peak-to-peak phase jitter at 30 Hz. 


4800 BPS 


7200 BPS 9600 BPS 


\29 — / \29 INTERFACE CIRCUIT CHARACTERISTICS 
DIGITAL INTERFACE CIRCUITS 


Digital input Characteristics 


Input Logic State Allowed Input Voltage Levels 


Low 0.0V to +0.8V at —2.5 pA 
High +2.0\ to +5.0V at +2.5 „А 


Notes 
. The digital inputs are directly TTL/CMOS compatible. The 
capacitive loading on each input is 25 pF (maximum). 
. Positive current is defined as current into the node. 


= 


№ 


Digital Output Characteristics 


Bit Error Rate 


Dutput Logic State | Dutput Voltage Levei 


Low +0.4V at +1.6 mA 
High +2.4V at – 100 pA 


Notes 
. The digital outputs are directly TTL/CMOS compatible. 
Capacitive drive capability is 25 pF. 
Positive current is defined as current into the node. 


E 


м 


6 8 10 12 14 16 18 20 22 24 26 28 30 
SIGNAL-TO-NOISE RATIO dB 


Typical Bit Error Rate Performance 


NOISE 
SOURCE 
GR1381 

50 KHZ BW 


LEVEL 
METER 
HP 3552A 


ATTENUATOR 
HP 350D 


LINE IMPAIRMENT ATTENUATOR MODEM 
SIMULATOR SOURCE HP 350D RECEIVER 
BRADLEY 2A 


ENGINEERING 
NOTE MODEM 
CONSOLE 


ENGINEERING 
MODEM 


CONSOLE Signal and noise are measured with 3 kHz flat weighting. 


BER Performance Test Set-up 
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ANALOG INTERFACE CIRCUITS 


Transmitter Output Level — The transmitter output level is 
adjustable in 2 dB steps from - 0.5 dBm to - 14.5 dBm accurate 
to +0.5 dB. This level is measured at TXA into a 600 ohm 
impedance. 


Receiver input — The receiver input impedance is 63.4K 
ohm +5%. 


Auxiliary Transmitter Input — The auxiliary transmitter input 
(AUXIN) allows access to the transmitter for the purpose of 
interfacing with user provided equipment. Because this is a 
sampled data input, signals above 4800 Hz will cause aliasing 
errors. The input impedance is 1K ohm and the gain to transmit- 
ter output is OdB. 


R96DP SPECIFICATIONS 


Power Requirements 


Voltage Tolerance Current (Max) 
+5 Vdc i596 «700 mA 

+12 Мас t5% <20 mA 

— 12 Мас +5% <80 тА 


Note: All voltages must have ripple =0.1 volts peak-to-peak. 


Environmentai 


Parameter Specification 
Temperature: 
Operating— 0°C to +60°C (32 to 140°F) 
Зюгаде— -409С to +90°C (—40 to 1769) 


Stored in heat sealed antistatic Бад 
and shipping container 

Relative Humidity: Up to 90% noncondensing, or a wet 
bulb temperature up to 35°C, 
whichever is less. 


Mechanicai information 


Parameter Specification 


Board Structure: Single PC board with single right 
angle header with 64 pins, DIN 41612 
or equivalent mating connector. 


Dimensions: Width--3.94 in. (100 mm) 

Length—4.70 in. (120 mm) 
Height—0.55 in. (1.40 cm) 
Weight: Less than .22 Ibs. (.08 kg) 
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Rockwell 


9600 BPS FAST TRAIN MODEM 


Н96ЕТ 


integral Modems 


R96FT 


PRELIMINARY 


INTRODUCTION 


The R96 Fast Train (FT) is a synchronous, serial 9600/7200/ 
4800/2400 bps modem suitable for operation over dedicated un- 
conditioned lines. It satisfies the telecommunications require- 
ments specified in CCITT Recommendations V.29 and V.27 
bis/ter. 


The R96FT is specifically optimized for use in a multipoint 
environment requiring a fast training sequence of less than 30 
msec at 9600 bps and less than 20 msec at 4800 bps. The op- 
tional secondary channel, small size (100mm by 160mm), and 
low power consumption (4 watts typical) offer the user flexi- 
bility in creating а 9600 bps modem customized for specific 
packaging and functional requirements. 


Data can be transferred to and from the modem either serially 
over the CCITT V.24 interface or in parallel over the micropro- 
cessor bus interface. 


The R96FT is a member of Rockwell's family of plug compat- 
ible 9600/4800 bps modems. 


Product availability is winter, 1984. 


R96FT Modem 


Document No. 29220N45 
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FEATURES 


e Configurations 
--ССІТТ V.29, V.27 bis/ter 


e Fast Training Sequence «30 msec/9600 bps, «20 msec/ 
4800 bps 


Ideal for Multipoint Applications 

Plug Compatible with Rockwell R96DP, R48DP Modems 
Secondary Channel (Optional) 110, 75 bps 
Dynamic Range: —43 dBm to 0 dBm 
Equalization 

— Automatic Adaptive 

--Сотрготізе Cable (Selectable) 

— Compromise Link Amplitude (Selectable) 
DTE Interface: Two Alternate Ports 
—Microprocessor Bus 

—CCITT V.24 (RS-232-C Compatible) 

• Diagnostics 

—Provides Telephone Line Quality Monitoring Statistics 
Programmable Transmit Output Level 
Loopbacks 

— оса! Analog 

—Remote Analog (Locally Activated) 
—Remote Digital (Locally Activated) 

Small Size—100mm x 160mm (3.94" х 6.30") 
Power Consumption—5 Watts Typical 

e TTL and CMOS Compatible 


Product Summary Order No. 645 
Rev. 2, March 1984 


В96ЕТ 9600 BPS Fast Train Modem 


г------ Ж RTS С ОРЕ 
| USRT PN С ER 
| (OPTIONAL) IXD EYEX a Ы 
| 
| do — eK EYE 
| XTCLK PATTERN 
NEN M |. EVECKL “> | GENERATOR 
| RXD P 
| RDCLK 
| О +12 
| TBCLK O R96FT +5 
| RBCLK o MODEM POWER 
L--- J 


READ TXOUT 
Б нее» „т TEL I ном 
О О RXIN INTERFACE LINE 
s ME DATA BUS (8) 
HOST 
PROCESSOR ADDRESS BUS (4) AUXIN 
(DTE) С 52815 С 
DECODER К) О [3 SCCTS эс; 
| | SCTXD ' "| CHANNEL 
Он м9 о OPTIONAL) 
ф ор > сахо 2-0 
+5 


Н96ЕТ Functional Interconnect Diagram 


SPECIFICATIONS 

Power Requirements 

+5 Мас+5% <900 та Temperature: Operating 0 to 60°C 

+12 Vde+5% <30ma Storage --40 to 90°C 

-12 Vde+5% <130ma Relative Humidity: Up to 90% noncondensing, or a wet bulb 


temperature up to 35°C, whichever is less. 
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INTRODUCTION 


The Rockwell V96P/1 is a versatile, high performance, 9600 bps 
modem on a single printed circuit board. Being CCITT V.29 and 
V.27 compatible, the V96P/1 (with minimal interface circuitry) 
can operate on dedicated 2-wire or 4-wire half-duplex or 4-wire 
full-duplex lines. The V96P/1 can also operate іп half-duplex on 
the general switched network. 


Measuring approximately 9.2 inches (23.3 cm) by 6.3 inches 
(16.0 cm), the V96P/1 is the smallest full-feature 9600 bps 
modem that approaches data communication theoretical per- 
formance limits. 


The V96P/1 meets the tolerances specified in the CCITT V.29, 
V.27 bis (alternate A), V.27 ter and FSK T.30 specifications. In 
addition, the V96P/1 can be configured to be functionally com- 
patible with those enhanced specifications available in the 
Rockwell V96P, M96P, and V29P modem series. 


HIGH SPEED 9600 BPS MODEM 


V96P/1 


Integral Modems 


V96P/1 


FEATURES 


Single printed circuit card 

9600/7200/4800/2400 bps modes 

Full-duplex or half-duplex 

Dedicated or general switched network lines operation 
Ultimate user flexibility: 

—CCITT V.29, V.27 ter, V.27 bis compatible 
—Also 300 bps binary signalling per ССПТ T.30 
TTL compatibility 

Automatic adaptive equalizer 

Analog loopback test circuitry 

O to —45 dBrn dynamic AGC 

LSI signal processing 

High reliability 

Low power consumption: 

--Туріса!у 3.5 watts 

Automatic training sequence for receiver 
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FUNCTIONAL SPECIFICATIONS 


TRANSMIT CONTROLS 


HIGH SPEED DATA INPUT TRANSMITTER TRANSMITTER Low PASS 
TRAINING DEVICE LTE! 
DEVICE 


FSK DATA INPUT 


XMIT 


LINE 
SIGNAL 


FSK DATA OUTPUT LOOPBACK 


EYE QUALITY 


RECEIVER 
DEVICE 


BANDPASS 
FILTER, 
SQUELCH, 
AGC. 


THRESHOLD 
SELECT 


АСУ 
LINE 
SIGNAL 


RECEIVER 
LEARNING 
DEVICE 


HIGH SPEED 
DATA OUTPUT 


DECISION EQUALIZER 
| DEVICE g DEVICES 


V96P/1 Functional Block Diagram 


RECEIVE CONTROLS 


Transmit Carrier and Signalling Frequencies Transmitted Data Spectrum 
Carrier Frequency Codex At 2400 and 1600 baud the transmitted spectrum is shaped 
Compatible QAM: 1706.667 Hz + 0.01% by approximately a square root of 50 percent raised cosine 
Carrier Frequency V.29: 1700 Hz + 0.01% filter function. At 1200 baud the spectrum is shaped by 
Carrier Frequency V.27: 1800 Hz + 0.01% approximately a square root of 90 percent raised cosine filter 
Echo Suppression Frequencies: 2100 Hz + 0.01% function. 
2025 Hz + 0.01% 
Signalling Frequencies of T.30: 1850 Hz + 0.01% The 2400 baud configurations require a line with typical 
1650 Hz + 0.01% 3002-C2 or M1020 characteristics over the frequency range 
1300 Hz + 0.01% from 450 Hz to 2950 Hz. The 1600 and 1200 baud rate con- 
1100 Hz + 0.01% figurations require a usable bandwidth from 950 Hz to 2650 
Hz and 1150 Hz to 2450 Hz respectively. 
Received Signal Frequency Tolerance Data Encoding 
The receiver can receive frequency errors of up to + 10 At 2400 baud the data stream is divided into groups of four 
Hz with less than a 0.2 dB degradation in Bit Error Rate bits (quadbits), three bits (tribits), or two bits (dibits). The data 
performance. rate of 9600 bps, 7200 bps, or 4800 bps is selected by a 16- 


point, 8-point, or 4-point data structure, respectively. For 


Data Signalling and Modulation Rate 2400 baud operation, when V.29 configuration is selected, 


At 2400 baud: i encoding of the quadbits, tribits, and dibits are per CCITT 
Signalling Rate — 2400 baud + 0.01% Recommendation V.29. 
Data Rate — 9600 bps - 0.01% 
7200 bps = 0.01% At 1600 baud the data stream is divided into groups of three 
4800 bps = 0.01% bits (tribits). The data rate of 4800 bps may use either ап 8- 
At 1600 baud: point QAM structure or 8-phase structure. Encoding of the 
Signalling Rate — 1600 baud + 0.01% tribits in the 8-phase structure are per CCITT Recommen- 
Data Rate-— 4800 bps = 0.01% dation V.27 ter. 
At 1200 baud: 
Signalling Rate — 1200 baud = 0.01% At 1200 baud the data stream is divided into groups of two 
Data Rate — 2400 bps + 0.01% bits (dibits). The data rate of 2400 bps uses a 4-phase data 
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structure. Encoding of the dibits may be per the fallback rate 
of CCITT Recommendation V.27 bis and ter (same as V.26A) 
or V26B depending on the selected configuration. 


Turn-on, Turn-off Sequences 


The V96P/1 turn-on sequences are compatible with CCITT 
Recommendations V.29, V.27 bis (alternate i), V.27 and 
Rockwell M96P modem specifications. 


The turn-off sequences for а! V.27 modes (except the 1600 
baud rate manual V.27 mode) consists of 5 to 10 millisec- 
onds of remaining data followed by continuous scrambled 1's 
followed by no transmission energy. The period of no trans- 
mission energy is provided by turning off the transmitter key 
signal for a recommended duration of 20 milliseconds. 


The turn-off sequences for all non-V.27 modes consists of 
4to 7 milliseconds of remaining data followed by a period of 
no transmission energy. 


Ready For Sending Response Times 


The Ready For Sending response time to a Request To Send 
is determined by the configuration selected and its corre- 
sponding training time. In the following chart of configura- 
tions, the Training Times are shown in milliseconds. Note, 
however, that the 1600 baud manual CCITT configurations 
actually specify the synchronizing sequence timing per CCITT 
V.27 rather than the training time. Also note the following 
abbreviations. 


ITC (1P-5P): Transmitter Configuration Inputs 1 through 
5. These five bits establish the octal code 
shown where P1 and P2 are the most sig- 
nificant octal digit and P3 through P5 
establish the least significant octal digit 
shown in the chart. 


IRC (1Р-5Р): Receiver Configuration Inputs 1 through 5. 
These five bits establish the octal code 
shown where P1 and P2 are the most sig- 
nificant octal digit and РЗ through P5 
establish the least significant octal digit 
shown in the chart. 


ІН55 (1Р-2Р), 
ITSS (1Р-2Р): 


Receiver Signal Structure and Transmitter 
Signal Structure. Where P1 and Р2 estab- 
lish an оста! code of 0, 1, 2, or 3. They 
define the signal structures as follows: 
0 selects 16-point QAM 
1 selects 8-point QAM 
2 selects 4-point QAM 
3 selects DPSK as: 
8-phase at 1600 baud 
4-phase at 1200 baud 
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Received Line Signal Detector (D109) 


The time response of the Received Line Signal detector cir- 
cuit (D109) is a function of the length of the received turn-on 
sequence. Circuit D109 turns on after synchronizing is com- 
pleted and prior to user data appearing on the received 
output line. D109 turns on for approximately 2 milliseconds 
after the echo protect tone disappears in the V27EP config- 
urations (Nos. 16, 18, 21, 23, 25, 29 and 32 in Table 1). 


For non-CCITT configurations (Nos. 7, 8 and 9 in the table 
on page 4), 0109 momentarily goes оп at the beginning of 
the synchronizing sequence. 


When no synchronizing signal is detected at the receiver, 
D109 turns on in 5 to 15 milliseconds for an applied signal 
greater than 3 dB above the turn-on threshold. If training is 
not enabled at the receiver, D109 turns on in 5 to 15 
milliseconds. 


Three threshold options are provided: 


1) Greater than —43 dBm: D109 ON 
Less than —48 dBm: D109 OFF 

2) Greater than – 26 dBm: D109 ON 
Less than — 31 dBm: D109 OFF 

3) Greater than —16 dBm: D109 ON 
Less than —21 dBm: D109 OFF 


The three threshold options are controlled by the condition 
of the THRESH1 and THRESH2 control lines as indicated 
below. 


dB Level THRESH1 THRESH2 
—43 dBm ON Open Circuit Open Circuit 
—26 dBm ON Open Circuit 010 -0.5V 
—16 dBm ON Oto -0.5V Open Circuit 


When the received signal drops 5 dB below the D109 tum 
off threshold, D109 will turn off in 5 to 15 milliseconds. The 
condition of D109 between the selected turn-on and turn-off 
thresholds is not specified except that a hysteresis action of 
greater than 2 dB exists between the off-to-on and on-to-off 
transition levels. 


Recommended circuits to control THRESH1 and THRESH2 
input interface lines are shown in the diagrams on page 5 
(A, B and C). 


Bit Error Rates 


The V96P/1 is thoroughly tested to guarantee Bit Error Rate 
(BER) performance under test conditions equivalent to CCITT 
Recommendation V.26. The test set-up used by Rockwell is 
shown in the BER Performance Test Set-up diagram. 


The results of these BER performance tests are shown in the 
Typical Bit Error Rate Performance diagram. 


V96P/1 Configurations 


Signal 
Structure 
Transmitter Receiver ІН55 (1P-2P) | Data | Training Carrler 
ITC (1P-5P) IRC (1P-5P) iTSS (1P-2P) | Rate | Time Frequency 
No. Configuration (Octal Code) (Octal Code) | (Octal Code) | (bps) | (msec) (Hz) 
v [2x Baud DIAL 02 00 0,1,2 320 1706 2/3 
2. | 2400 Baud DIAL — T/2 02 01 0,1,2 9600 320 1706 2/3 
3. | 2400 Baud Р-Р 00 00 0,1,2 7200 280 1706 2/3 
4. | 2400 Baud Р-Р — T/2 00 01 0,1,2 4800 280 1706 2/3 
5. | 2400 Baud V29 01 02 0,1,2 233 1700 
6. | 2400 Baud V29 — T/2 01 03 0,1,2 233 1700 
7. | 1600 Baud DIAL, CCITT DIAL 22 22 1,3 4800 | 181 NOTE 
8. | 1600 Baud DIAL — T/2 22 36 1,3 4800 181 NOTE 
9. | 1600 Baud DIAL Slow 36 22 1,3 4800 | 221 NOTE 
10. | 1600 Baud P-P 20 20 1,3 4800 144 NOTE 
11. | 1600 Baud P-P — T/2 20 32 1,3 4800 141 МОТЕ 
12. | 1600 Baud Echo 34 34 1,3 4800 480 МОТЕ 
13. | 1600 Baud Manual CCITT 32 30 3 4800 | 20(V.27 Sync| 1800 
Sequence) 
14. | 1600 Baud Manual CCITT 30 30 3 4800 50 (М.27 Sync} 1800 
Sequence) 
15. | 1600 Baud V27 DIAL/P-P 23 23 3 4800 708 1800 
16. | 1600 Baud V27 DIAL/P-P EP 27 23 3 4800 923 1800 
17. | 1600 Baud V27 DIAL/P-P — T/2 23 33 3 4800 708 1800 
18. | 1600 Baud V27 DIAL/P-P — T/2 EP 27 33 3 4800 923 1800 
19. | 1600 Baud V27 Multipoint — T/2 21 27 3 4800 50 1800 
20. | 1600 Baud V27 Resync (use with 21 25 3 4800 50 1800 
configuration 15) 
21. | 1600 Baud V27 Resync EP (use 25 25 3 4800 | 265 1800 
with configuration 16) 
22. | 1600 Baud V27 Resync — T/2 (use 21 35 3 4800 50 1800 
with configuration 17) 
23. | 1600 Baud V27 Resync — T/2 EP 25 35 3 4800 265 1800 
(use with configuration 18) 
24. | 1600 Baud V27 Echo 23 37 3 4800 708 1800 
25. | 1600 Baud V27 Echo EP 27 37 3 4800 923 1800 
26. | 1200 Baud DIAL 14 10 3 2400 170 1800 
27. | 1200 Baud P-P 10 10 3 2400 117 1800 
28. | 1200 Baud V27 DIAL/P-P 13 11 3 2400 943 1800 
29. | 1200 Baud V27 DIAUP-P EP 17 11 3 2400 1158 1800 
30, | 1200 Baud V27 Multipoint 11 15 3 2400 66 1800 
31. | 1200 Baud V27 Resync (use with 11 13 3 2400 66 1800 
configuration 28) 
32. | 1200 Baud V27 Resync EP (use 15 13 3 2400 281 1800 
with configuration 29) 


NOTE: Carrier frequency is 1706 2/3 Hz when IRSS (1P-2P) is a 1 (8-point). 


Carrier frequency is 1800 Hz when IRSS (1P-2P) is a 3 (8-phase DPSK). 


Data Scrambler Selection 


The V96P/1 makes available to the user one CCITT V.29 
compatible scrambler, five different period 127 scramblers 
(and descramblers) and a no-scramble option. These 
scramblers provide data transmitted by the V96P/1 with the 
degree of randomness necessary to ensure the continued 
convergence of all adaptive processes at the receiver. The 
seven possible scrambler configurations that are user soft- 
ware selectable are: 


e Period 127 cryptographic 

e Period 127 synchronizing 

e CCITT period 127 self-synchronizing (compatible with 
CCITT Recommendation V.29) 

e Period 8,388,607 self-synchronizing (compatible with 

CCITT Recommendation V.29) 

Period 127 self-synchronizing with 8-bit protection 
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e CCITT period 127 self-synchronizing (compatible with 
CCITT Recommendations V.27 bis and ter) 


e No scrambler 


All scramblers can be used with all modem configurations 
listed in the above table except for the cryptographic scram- 
bler which cannot be used in the CCITT V.29 configuration. 


MODES OF OPERATION 


The V96P/1 has two modes of operation; a training mode 
and a data mode. In order for the receiver to correctly decode 
the transmitted data, the V96P/1 must detect the presence 
of a line signal, adjust the AGC, detect the presence of a 
training sequence, recover the baud timing of the transmitter, 
phase and frequency lock to the carrier associated with the 
received signal, and adapt the equalizer to the amplitude and 
delay characteristics of the channel. This learning process 
is accomplished most efficiently when the transmitter initiates 
а training sequence whenever а new transmitter-receiver 
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Suggested Interface Circuits for Controlling 
THRESH1 and THRESH2 Input Lines 


Typical Bit Error Rate Performance 


NOISE LEVEL 


SOURCE ATTENUATOR METER 
GR1381 HP 350D HP 3555B 
50 KHZ BW 


IMPAIRMENT 
SOURCE 
BRADLEY 2A 


LINE 
SIMULATOR 


ATTENUATOR 
HP 3500 


MODEM 


RECEIVER 


NOTE 


THE V.56B CONFIGURATION INCLUDES A PERFECT 0.3 TO 3.4 KHz FILTER 
ON THE NOISE SOURCE. TO ACHIEVE THE SAME EFFECT ІМ THIS ENGINEERING 
CONFIGURATION, THE LEVEL METER USES 15 KHz FLAT WEIGHTING AND MODEM 
6.85 dB 1$ AODEO TO THE MEASURED S/N RATIO. CONSOLE 


ENGINEERING 
MODEM 
CONSOLE 


BER Performance Test Set-up 
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connection is made. It is possible to set up the receiver 
without a training sequence, but it is a manual mode requiring 
considerable user effort. In a training mode, an internal gen- 
erated pattern is transmitted to the receiver to facilitate syn- 
chronization. During the training mode, the data input line to 
the receiver is ignored and the output line does not reflect 
the state of the data input. 


In the data mode of operation, information on the data input 
is strobed by the transmitter signal element clock and trans- 
mitted to the receiver. The receiver demodulates and decodes 
the passband signal and outputs the recovered data on the 
output where it is then ready to be strobed by the receiver 
signal element clock. 


Request To Send—Ready For Sending 


To initiate transmitter operation in the data or training mode, 
the Request to Send input is brought high. If a training mode 
is not initiated, the Ready for Sending indicator goes high 
within one baud interval and data transmission commences. 


The mode of the receiver is indicated by the data channel 
received line signal detector (D109). For data mode, D109 
is high and the receiver training mode indicator is low. 


If the receiver enters the training mode, the receiver training 
mode indicator goes high until the training mode is com- 
pleted. When training is completed the receiver training mode 
indicator goes low and, if sufficient signal energy is present 
on the input line, D109 goes high, enabling the data mode. 


Training Mode—Dial and Point-To-Point 


For dial and point-to-point configurations, the V96P/1 receiver 
training is automatically initiated whenever a training sequence 
is detected in the received line signal. The training sequence 
consists of two phases: Phase 1 causes the training detector 
to turn on and also makes a course adjustment of the carrier 
frequency variable, which compensates for any frequency 
translation due to the channel; Phase 2 is used to converge 
the adaptive equalizer, which is part of the V96P/1 structure. 


A short scrambler synchronization sequence follows Phase 
2 and is used to generate the success indicator. п order for 
training to be successful, the incoming training sequence 
must have been generated by a similarly configured trans- 
mitter using a compatible training sequence. 


At the receiver, detection of a training sequence requires that 
there be sufficient signal energy and that the receiver's car- 
rier frequency variable be within 30 Hz of nominal. 


Training Аезупс (V.27 bis/ter Turnaround) 


In a 2-wire half-duplex data communication system, data can 
be transmitted in only one direction at any given instant. 
Therefore, the modems at the local and remote sites are 
required to interchange their roles as the receiver and the 
transmitter, respectively. This turnaround operation requires 
constant resynchronization to meet CCITT Recommenda- 
tions for V.27 bis/ter. 
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The resync configurations are used for reacquiring synchro- 
nization in turnaround operation without having to go through 
the normal long training sequence. The resync training 
Sequences are relatively short and are used for recovering 
carrier phase, symbol timing and achieving equalizer con- 
vergence without resetting. carrier frequency and equalizer 
taps. 


Training Mode—Multipoint 


In the V96P/1 modem, two multipoint configurations are рго- 
vided for 4-wire circuits conforming to M1020 which permit 
short training sequences. In these configurations, the first 
train signal must be high to process the short training 
sequences; otherwise the receiver will ignore the training 
sequence and enter directly into the data mode. The receiver 
will enter into the training mode if the first train signal is high 
and there is sufficient signal energy. 


For 4-wire circuits which are worse than M1020 and for 
2-wire circuits, a long training sequence should be used 
rather than the multipoint configuration. These training 
Sequences require that the receiver be in the proper dial/ 
point-to-point configuration. 


Training Mode—Manual 


The V96P/1 modem includes two manual configurations in 
which the remote modem need not transmit a special training 
Sequence to the local receiver. In these configurations, the 
equalizer tap coefficients for the local receiver must be ini- 
tialized from an external source. The tap coefficients may be 
initialized by controlling three input terms—ICR, ICI and 
ICLCP—in synchronization with the Baud Rate Clock. 


In order to operate the modem in the manual configurations, 
both the transmitter and receiver must be set according to 
the code shown in Table 1 Modem Configuration. Manual 
configuration code octal 30 has a longer synchronizing 
sequence than configuration code octal 32, but both syn- 
chronizing sequences conform to the CCITT Recommen- 
dation V.27. However, neither sequence is of sufficient 
duration to aid in training the receiver. 


Receiver Operation During Loss of Line Signal 


When there is no line signal present, all receiver update 
relating to the equalizer, carrier frequency variable and baud 
timing are inhibited and the current values of the equalizer 
taps and the carrier frequency variable are retained. 


DATA QUALITY 


The receiver generates an Eye Quality Monitor (EQM) signal 
that can be used to determine the equivalent Gaussian signal 
to noise ratio of the overall system within approximately = 
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2 db. Eye quality is determined by calculating the difference 
between the received signal point after equalization and the 
transmitted or expected signal point. The receiver output 
DEQ2P is a filtered version of this error signal. it is a serial 
word clocked by the system bit clock: (345.6 kHz or 230.4 
kHz, depending on baud rate). Output signal DQGTP is a 
gating signal which delineates the eight MSB's of DEQ2P. 
The use and interpretation of these binary signals are quite 
complex and are dependent on the application and the signal 
structure. The user can derive a meaningful interpretation of 
the EQM readings by monitoring them while testing the 
modem against his performance criteria. 


Visual Display of Eye Pattern 


A visual indication of the modem's performance can be 
obtained by displaying the received baseband signal struc- 
ture after equalization. This is done by converting the eight 
MSB's of the real and imaginary equalized signal points 
available on DRERP and DIERP to analog voltages which 
are then used to drive the horizontal and vertical sweeps of 
an oscilloscope. The resultant display will be a symmetrical 
dot pattern of 16 points, 8 points, or 4 points which is a time 
representation of the received baseband signal. Any uncom- 
pensated distortion over the transmission path will cause 
each dot in the pattern to enlarge or otherwise show distor- 
tion. A typical visual eye pattern of a 4-point display is shown 
in the following diagram. 


DISPERSION 


-------- DUE ТО GAIN 
— ERRORS 


DISPERSION DUE 
TO PHASE ERRDRS 


DISPERSION ARDUND 

PROPER POSITION DUE 
—..... ТО COMBINATION DF 
CIRCLE REPRESENTS. RANDOM NOISE, PHASE 
PROPER POSITION DF ERFIDR, AND/OR GAIN 
HIGH QUALITY SIGNAL ERHOR 


Typical Eye Pattern 


Success Indicator 


A second data quality indicator is provided for in all config- 
urations except the 1200 baud non-V.27 modes. This signal 
provides a rough indication that the training has been suc- 
cessful and that data will be properly received. This "suc- 
cess" output (DSUCP) will go high during the last one to 
twenty milliseconds of receiver training, provided training has 
been successful. During the data mode (DRTMP low and 
D109 high), DSUCP will go high whenever 15 consecutive 
data marks or spaces are decoded at the receiver data 
output. 
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ADDITIONAL CAPABILITIES 


The V96P/1 provides many additional capabilities germane 
to data communication system design and implementation. 
Capabilities such as local loopback, tone generation and 
detection, external clock facilities, and 300 bps FSK opera- 
tion are briefly described in the following paragraphs. 


Local Loopback Capability 


A local loopback option is available for all half duplex and full 
duplex modem configurations. The Local Loopback Com- 
mand (ILB) connects the transmitter's output through a buffer 
amplifier to the receiver input, thereby allowing a check of 
the local modem. The ILB command squelches the input to 
the receiver and loops the analog signal from the transmitter 
to the receiver input. 


An internal pattern. generator is also incorporated in the 
modem which can be used when no modem test set is 
available. 


Tone Generation And Detection 


The transmitter can be used to transrnit single frequency 
tones for disabling echo suppressors or for system signaling. 
Tones that can be transmitted (selected through software 
control) are: 1100 Hz, 1300 Hz, 1650 Hz, 1850 Hz, 2025 Hz, 
and 2100 Hz. Other tones are also possible and the carrier 
frequency can be altered by selection of values for a binary 
bit stream. 


External Data Clock 


The data input to the transmitter can 5e clocked from an 
external source when the external clock is used as a refer- 
ence input to the data clock's phase locked loop. By applying 
an external clock the reference input will cause the trans- 
mitter data clock to track the frequency and phase of the ref- 
erence. The frequency of the reference clock must be within 
100 ppm of nominal in order for the receiver's baud timing 
to properly track that of the transmitter. The reference clock 
can be equal to the nominal data clock frequency or be a 
subharmonic of it as long as the frequency tolerance is 
adhered to. 


300 bps FSK Modem Operation 


A CCITT T.30 compatible 300 bps FSK rnodem having char- 
acteristics of the CCITT V.21 channel 2 modulation system 
can also be configured. The FSK modem is capable of gen- 
erating the 1100, 1300, 1650 and 1850 42 tones. 
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SPECIFICATIONS 
V96P/1 Specifications 


DC Voltages 


Tolerance Current (Typical) Current (Max) 


+ 5 volt <200 та 
+12 volt < 70ma 
—12 volt <230 ma 


NOTE: All voltages must have ripple <0.1 volts peak-to-peak. 


Environment 

Temperature: Operating: 0°C to +60°C (32 to 140°F) 

Storage: — 40°C to +80°C (—40 to 176°F) 

(Stored in heat sealed antistatic bag and shipping container) 

Relative Humidity: Up to 90% noncondensing, or a wet bulb temperature up to 35°C, which- 

ever is less. 

Mechanical 

Board Structure: Single PC board with edge connector 


Mating Connector: 100 pin, edge connector, two sided, with 0.1 in (2.54 cm) centers. Rec- 
ommended Viking 3VH50/IJND5 or equivalent mating connector. 


Dimensions: Width—9.188 in (23.338 cm)  Depth— 6.288 in (15.972 cm) 
Weight: Less than 0.45 Ibs (0.20 kg) 
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R48DP 
4800 BPS DATA PUMP MODEM 


PRELIMINARY 

INTRODUCTION FEATURES 
The Rockwell R48DP is a synchronous serial 4800 bps modem • User Compatibility: 
designed for full-duplex operation over either four-wire dedicated — CCITT У.27 bis/ter 
unconditioned lines or half-duplex operation over the general * Full-Duplex (4-Wire) 
switched telephone network. • Half-Duplex 

• Programmable Tone Generation 
The modem satisfies telecommunications requirements specified • Dynamic Range -43 dBm to 0 dBm 
in CCITT Recommendations V.27 bis/ter. • Diagnostic Capability 

¢ Equalization: 
The small size and low power consumption of the modem offer — Automatic Adaptive 
the user flexibility in creating a 4800 bps modem design — Compromise Cable (Selectable) 
customized for specific packaging and functional requirements. — Compromise Link (Selectable) 

• DTE Interface: 
The modem is capable of operating at 4800 and 2400 bps. — Microprocessor Bus 


— CCITT V.24 (RS-232-C Compatible) 
• Loopbacks (V.54 Loop 2, 3 and 4) 

— Local Analog 

— Remote Analog (Locally Activated) 

— Remote Digital (Locally Activated) 


Small Size — 100 mm x 120mm (4.0 x 4.8 inches) 
Low Power Consumption (3 watts, typical) 

Programmable Transmit Output Level 

TTL and CMOS Compatible 


P 
бо 
e 
3 
В Модет 
Document Мо. 29200М08 Data Sheet Order No. М008 
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4800 bps Data Pump Modem 


TECHNICAL SPECIFICATIONS 


The following are the technical specifications for the R48DP 
modem. 


TRANSMITTER CARRIER FREQUENCIES 


The transmitter carrier frequencies are given in the following 
table: 


Transmitter Carrier Frequencies 


Specification 
Frequency Type (Hz +0.5 Hz) 
V.27 bis/ter Carrier ІШ 1800 


ТОМЕ СЕМЕВАТЮМ 


Under control of the host processor, the R48DP can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 


SIGNALING AND DATA RATES 


The signaling and data rates for the R48DP are defined in the 
table below: 


Signaling/Data Rates 


Specification 


Parameter (£ 0.01%) 
Signaling Rate: 1600 Baud 
Data Rate: 4800 bps 
Signaling Rate: 1200 Baud 
Data Rate: 2400 bps 


DATA ENCODING 


At 1600 baud, the 4800 bps data stream is encoded into tribits 
per CCITT V.27 bis/ter. 


At 1200 baud, the 2400 bps data stream is encoded into dibits 
per CCITT V.27 bis/ter. 


EQUALIZERS 


The R48DP provides equalization functions that improve per- 
formance when operating over low quality lines. 


Cable Equalizers — Selectable compromise cable equalizers 
in the receiver and transmitter are provided to optimize perform- 
ance over different lengths of non-loaded cable of 0.4 mm 
diameter. 


Link Equalizers — Selectable compromise link equalizers in the 
receiver optimize performance over channels exhibiting severe 
amplitude and delay distortion. Two standards are provided: U.S. 
survey long and Japanese 3-link. 
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Automatic Adaptive Equalizer — Ап automatic adaptive 
equalizer is provided in the receiver circuit. The equalizer can 
be configured as either a T or a T/2 equalizer. 


TRANSMITTED DATA SPECTRUM 


If the cable equalizer is not enabled, the transmitter spectrum 
is shaped by the following raised cosine filter functions: 

1. 1200 Baud. Square root of 90 percent 

2. 1600 Baud. Square root of 50 percent 

The out-of-band transmitter power limitations meet those 
specified by Part 68 of the FCC's Rules, and typically exceed 
the requirements of foreign telephone regulatory bodies. 


SCRAMBLER/DESCRAMBLER 


The R48DP incorporates a self-synchronizing scrambler/ 
descrambler, This facility is in accordance with V.27 bis/ter. 


RECEIVED SIGNAL 
FREQUENCY TOLERANCE 


The receiver circuit of the R48DP can adapt to received 
frequency error of up to + 10 Hz with less than 0.2 dB degrada- 
tion in BER performance. 


RECEIVE LEVEL 


The receiver circuit of the modem satisfies all specified perform- 
ance requirements for received line signal levels from 0 dBm 
to -43 dBm. The received line signal level is measured at the 
receiver analog input (RXA). 


RECEIVE TIMING 


The R48DP provides a data derived Receive Data Clock 
(RDCLK) output in the form of a squarewave. The low to high 
transitions of this output coincide with the centers of received 
data bits. The timing recovery circuit is capable of tracking a 
+0.01% frequency error in the associated transmit timing 
Source. 


TRANSMIT LEVEL 


The transmitter output level is accurate to + 1.0 dB and is pro- 
grammable from — 1.0 dBm to - 15.0 dBm in 2 dB steps. 


TRANSMIT TIMING 


The R48DP provides a Transmit Data Clock (TDCLK) output with 
the following characteristics: 

1. Frequency. Selected data rate of 4800 or 2400 Hz (+ 0.01%). 
2. Duty Cycle. 50% + 19% 


R48DP 


Input data presented on TXD is sampled by the R48DP at the 
low to high transition of TDCLK. Data on TXD must be stable 
for at least one microsecond prior to the rising edge of TDCLK 
and remain stable for at least one microsecond after the rising 
edge of TDCLK. 


EXTERNAL TRANSMIT CLOCK 


The transmitter data clock (TDCLK) can be phase locked to a 
signal on input XTCLK. This input signal must equal the desired 
data rate to + 0.01% with a duty cycle of 50% +20%. 


TURN-ON SEQUENCE 


A total of 8 selectable turn-on sequences can be generated as 
defined in the following table: 


Turn-On Sequences 
т 


cTs 
Response Time 
(milliseconds) 


V.27 bis/ter Comments 
e2 


1 4800 bps long 708 

2 2400 bps long 943 

3 4800 bps short 50 

4 2400 bps short 67 

5 4800 bps long 913 | Preceded by 

6 2400 bps long 1148 Есћо Зирргеззог 
7 4800 bps short 255 Disable Tone 

8 2400 bps short 272 for lines using 


echo supressors* 


“For short echo protect tone, subtract 155 ms from values of 
CTS response time. 


TURN-OFF SEQUENCE 


For V.27 ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones at 1200 baud or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms period of no transmitted energy. 


CLAMPING 


Received Data (RXD) is clamped to a constant mark (one) 
whenever the Received Line Signal Detector (RLSD) is off. 


RESPONSE TIMES OF CLEAR-TO-SEND (CTS) 


The time between the off-to-on transition of Request-To-Send 
(RTS) and the off-to-on transition of CTS is dictated by the length 
of the training sequence and the echo suppressor disable tone, 
if used. These times are listed in the Turn-On Sequences table. 
If training is not enabled RTS/CTS delay is less than 1 ms. 


The time between the on-to-off transition of RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 


10-38 


4800 bps Data Pump Modem 


RECEIVED LINE SIGNAL DETECTOR (RLSD) 


For V.27 bis/ter, RLSD turns on at the end of the training 
sequence. If training is not detected at the receiver, the RLSD 
off-to-on response time is 15 +10 ms. The RLSD on-to-off 
response time for V.27 is 10 +5 ms. Response times are 
measured with a signal at least 3 dB above the actual RLSD 
on threshold or at least 5 dB below the actual RLSD off threshold. 


Тһе RLSD оп-іс-оН response time ensures that all valid data 
bits have appeared on RXD. 


Four threshold options are provided: 
1. Greater than -43 dBm (RLSD оп) 
Less than – 48 dBm (RLSD off) 

2. Greater than - 33 dBm (RLSD оп) 
Less than - 38 dBm (RLSD off) 

3. Greater than - 26 dBm (RLSD on) 
Less than – 31 dBm (RLSD off) 

4. Greater than - 16 dBm (RLSD оп) 
Less than -21 dBm (RLSD off) 


NOTE 
Performance may be at a reduced level when the received 
signal is less than - 43 dBm. 


A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated carrier 
signal applied to the receiver's audio input (RXA). 


MODES OF OPERATION 


The R48DP is capable of being operated in either a serial or 
a parallel mode of operation. 


SERIAL MODE 


The serial mode uses standard V.24 (RS-232-C compatible) 
signals to transfer channel data. An optional USRT device 
(shown in the Functional Interconnect Diagram) illustrates this 
capability. 


PARALLEL MODE 


The R48DP has the capability of transferring channel data up 
to eight bits at a time via the microprocessor bus. 


MODE SELECTION 


Selection of either the serial or parallel mode of operation is by 
means of a control bit. To enable the parallel mode, the control 
bit must be set to a 1. The modem automatically defaults to the 
Serial mode at power-on. In either mode the R48DP is configured 
by the host processor via the microprocesscr bus. 
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с” ——-— 


USRT 
(OPTIONAL) 


EYESYNC PATTERN 
EYECLK 


| 
| 
| 
| 
| === ЕУЕ 
| 
| 
| 
| 


+ 127 
+5V 


WRITE С 
DATA Bus (8) 


i TXA UNE | 
| | TELEPHONE 
PROCESSOR LINE 
СЕ INTERFACE |-4--- 


AUXIN 


R48DP Functional Interconnect Diagram 


INTERFACE CRITERIA R48DP Hardware Supervisory Circuits (Cont.) 
; у N P . ipti 
The modem interface comprises both hardware and software | Name |/0| Pin No Г. Description 
circuits. Hardware circuits are assigned to specific pins in a В. MICROPROCESSOR INTERFACE: 
64-pin DIN connector. Software circuits are assigned to specific 07 VO 1C 
bits in a e interface memory. vO ЈА 
ts 48-byt t у 05 Џој 2C 
04 Де] 2А Data Bus (8 815; 
HARDWARE SUPERVISORY CIRCUITS D3 VO 3A ( ) 
Signal names and descriptions of the hardware supervisory 02 vo 40 
circuits, including the microprocessor interface, аге listed іп Do yo 5C 
the R48DP Hardware Supervisory Circuits table. The micro- вез | 6С 
processor interface is designed to be directly compatibie with 852 | 6A Register Select (4 Bits) 
an 8080 microprocessor. With the addition of a few external logic А$1 | 7C 
gates, it can be made compatible with 6500, 6800, or 68000 RSO І 7А 
microprocessors. 650 І 10C Chip Select for Bank 0 
csi | 9C Chip Select for Bank 1 
С52 І 9А Chip Select for Bank 2 
READ 1 12С Read Enable 
WRITE 1 11A Write Enable 
R48DP Hardware Supervisory Circuits IRQ o 1С | Interrupt Request 4 
1 C. V.24 INTERFACE: 
Name [ vo | Pin No. | Description 
А. OVERHEAD: RDCLK о 21А Receive Data Clock 
И М TDCLK о 23A Transmit Data Clock 
AGND І 31C,32C Analog Ground XTCLK І 22А External Transmit Clock 
DGND 1 ЗС,8С,5А,10А Digital Ground RTS 1 25А Request-to-Send 
+5 volts Џ 19C,23C,26C,30C | +5 volt supply CTS о 25С Clear-to-Send 
+12 volts [ 15А + 12 volt supply TXD І 24С Transmitter Data 
-12 volts [ 12А —12 моћ supply RXD о 22С Receiver Data 
POR МО 13C Power-on-reset RLSD о 24A Received Line Signal Detector 
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R48DP Hardware Supervisory Circuits (Cont.) 


Name VO | Pin Мо. ЈЕ 
О. ANCILLARY CIRCUITS: 


Description 


Receiver Baud Clock 


RBCLK о 26А 
Transmitter Baud Clock 


TBCLK о 27C 


| Е. ANALOG SIGNALS: 


TXA То 81A 
RXA | 32A 
AUXIN | 30A 


Transmitter Analog Output 
Receiver Analog Input 
Auxiliary Analog Input 
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registers are collectively referred to as interface memory. See 
R48DP Interface Memory table. Access to the three banks of 
registers (bank 0, bank 1 and bank 2) is enabied by the Chip 
Select signals CSO, CS1 and CS2 respectively. Four Register 
Select signals (RSO, RS1, RS2, and RS3 are provided to address 
an individual register within an enabled Бапк. Registers in bank 1 
operate at the sample rate of 9600 samples per second. 
Registers in banks 0 and 2 operate at the selected baud rate. 


R48DP Interface Memory 


WRITE 
TCS 


TCH TCS + 
ТС5 


TCH TCS 


READ 


TDA— 


Microprocessor Interface Timing Diagram 


Critical Timing Requirements 


Characteristic Symboi | Min | 


4 + 


са, RSi setup time prior 


to Read or Write TCS 30 -- 
ТОА - 


тон 10 50 


Data access time after Read 
Data hold time after Read 


CSi, RSi hold time after 
Read or Write 


Write data setup time 


TCH 10 — 
TWDS 75 -— 
TWDH 

TWR 75 — 


Write data hold time 


Write strobe pulse width 


INTERFACE MEMORY 


The R48DP has three banks of 16 input/output (I/O) registers 
to which an external (host) microprocessor has access. Although 
these I/O registers are within the modem, they may be addressed 
as part of the host processor's memory space. These I/O 
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(HEX) 


Bank Reg No. Description 


Do Not Use 
Transmitter Handshake 
Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 
Transmitter Option 
Transmitter Configuration 
Equalizer 

Loop/Level 

FREQM 

FREQL 

Do Not Use 
Transmitter Data 


Do Not Use 

Receiver Sample Handshake 
Do Not Use 

Do Not Use 

Receiver Bauc Status 

Do Not Use 

Receiver Sample Status 2 
Receiver Sample Status 1 
Receiver Option 

Receiver Configuration 
Diagnostic Control XS 
Diagnostic Control YS 
Diagnostic Data XSM 
Diagnostic Data XSL 
Diagnostic Data YSM 
Diagnostic Data YSL; 
Receiver Data 


Do Not Use 

Receiver Baud Handshake 
Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 
Diagnostic Control XB 
Diagnostic Controi YB 
Diagnostic Data XBM 
Diagnostic Date XBL 
Diagnostic Data. YBM 
Diagnostic Data YBL 


Petr 


ња ша ча шз ~ – = ~ ~ ~ ~" а | бф ОЮ с О с о о оос оо>о OOO OO 


О-— БОВ ЛОМООРОООтпПл|Оо—- оокоо-чоо>ооотпті 


һә кю ко о Ко то Мо о Мә о о бо Мо; 
о-оокло-чаоо>»>ооотт 
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When information in these I/O registers is being discussed, the 
format Y:Z:Q is used. The bank is specified by Y(0-2), the register 
by 2(0-Е), and the bit by Q(0-7, 0=LSB). A bit is considered to 
be "оп” when set to a 1. 


SOFTWARE SUPERVISORY CIRCUITS 


The operation of the R48DP is affected by a number of software 
control inputs. These inputs are written into registers within the 
modem via a microprocessor bus under external control. Bits 
designated by an X are "Don't Саге” inputs that can be set to 
either 1 or 0. Modem operation is monitored by various software 
flags that are read from modem registers using the same 
microprocessor bus. Bits designated by an X are "undefined" 
outputs that may be either 1 or 0. The functions of all modem 
МО registers are listed іп the RA8DP Interface Memory table and 
are defined as follows: 


TRANSMITTER CONFIGURATION REGISTER 


The host processor configures the R48DP transmitter by writing 
a control byte into the transmitter configuration register (0:6) in 
its interface memory space as shown in the following table: 


Transmitter Configuration Reglster (0:6) 


| вит [виє | Bits | вка | виз | виг | вит | Bito 
тмхмт | o [тт | x | x x | TDR2 | ТОВ 


Definition of Transmitter Configuration Terms: 


TNXMT: Tone Transmit 
TLTS: Transmitter Long Training Sequence 
TDR2: Transmitter Data Rate 2 
Selects 4800 bps/V.27) 
TDR1: Transmitter Data Rate 1 


Selects 2400 bps/V.27) 


Control bytes for the three configurations are given in hex- 
adecimal format in the following table: 


Configuration Control Bytes 


No. Configuration ] Configuration Bytes (HEX) 
1 V.27 4800 Long 22 
V.27 2400 Long 21 
V.27 4800 Short 02 
V.27 2400 Short ` 01 
| 2 | Tone Transmit 80 
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Definition of Transmitter Configurations: 


1. V.27. When any of the V.27 configurations have been 
selected, the modem operates as specified in CCITT recom- 
mendation V.27. 


2. Tone Transmit. In this configuration, activating signal RTS 
causes the modem to transmit a tone at a single frequency 
specified by the user. Two registers in the host interface 
memory space contain the frequency code. The most signifi- 
cant bits are specified in the FREQM register (0:3). The least 
significant bits are specified in the FREQL register (0:2). The 
least significant bit represents 0.146484 Hz + 0.01%. 


TRANSMITTER OPTION 


The host processor conveys option information to the transmit- 
ter by writing a control byte into the Option Register (0:7) in its 
interface memory space as shown in the table below: 


Transmitter Option Reglster (0:7) 


Гви | Bite | виз | вид | виз | виг | ви | Bito 
| RTS | Trois | sois | MHLD | eDis | TPDM | ХСЕМ | SEDT 


Definition of Transmitter Option Terms: 


RTS: Request-to-Send 

TTDIS: Transmitter Training Disable 

SDIS: Scrambler Disable 

MHLD: | Mark Hold 

EDIS: Echo Protector Disable 

TPDM: Transmitter Parallel Data Mode 
XCEN: External Clock Enable 

SEDT. Short Echo Protection Disable Tone 


Definition of Transmitter Options: 


1. Request-to-Send. The R48DP begins a transmit sequence 
when the RTS bit (0:7:7) is turned on and continues transmit- 
ting until RTS is turned off and the turn-off sequence has been 
completed. This input bit parallels the operation of the hard- 
ware RTS control input. 


2. Transmitter Training Disable. When the TTDIS bit (0:7:6) is 
on, the transmitter does not generate a training sequence 
at the start of transmission. 


3. Scrambler Disable. When the SDIS bit (0:7:5) is on, the 
transmitter scrambler circuit is removed from the data path. 


4. Mark Hold. When the MHLD bit (0:7:4) is on, the transmit- 
ter input data stream is forced to all marks (1's). 


5. Echo Protector Disable. When the EDIS bit (0:7:3) is on, an 
unmodulated carrier is transmitted for 185 ms (optionally 
30 ms) followed by 20 ms of no transmitted energy at the start 
of transmission. 
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6. Transmitter Parallel Data Mode. When the TPDM bit (0:7:2) Link Delay Equalizer Selection 


is on, the transmitter accepts data for transmission from the LDEN D3L Curve Matched 

data input register rather than the serial hardware data input. 0 X _ No Equalizer 
7. External Clock Enable. When the XCEN bit (0:7:1) is on, the 1 0 U.S. Survey Long 

transmitter timing is established by the external clock sup- 1 NN Japanese 3-Link 


plied at the hardware input XTCLK (pin 22A). 


8. Short Echo Protector Disable Tone. When the SEDT bit 
(0:7:0) is on, the echo protector disable tone is 30 ms long 
rather than 185 ms. 


LOOP/LEVEL 


The host processor conveys loopback selection and transmit- 
ter output level to the modem by writing a control byte into the 
loop/level register (0:4) in the interface memory space as shown 
in the following table: 


EQUALIZER 
Loop/Level Register (0:4) 


The host processor conveys equalizer selection information to қ к - У 
the modem by writing a control byte into the equalizer register ви? | Bits | Bits | Bits | Bits | виз | ви! | Bito 
(0:5) in the interface memory space as shown in the following: L3ACT | L4ACT | L4HG | TL3 | TL2 | TL1 [2АСТ | X 


Equalizer Register (0:5) Definition of Loop/Level Terms: 


вет | Bite | Bits | виз | виз виг | вит | Bito L3ACT: Local Analog Loopback (CCITT loop 3) Activate 
x X |САВ52|САВ51 | LAEN | LDEN | ASL | D3L L4ACT: Remote Analog Loopback (CCITT loop 4) Activate 
B L4HG: Loop 4 High Gain 
TL3-TL1: Transmitter Level (Selects bits 3, 2, and 1) 
L2ACT: Remote Digital Loopback (CCITT loop 2) Activate 


Definition of Equalizer Terms: 


CABS1,2: Cable Equalizer (Selects bits 1 or 2) Definition of Loop/Level Control: 


LAEN: Link Amplitude Equalizer Enable 1. Local Analog Loopback Activate. When the L3ACT bit (0:4:7) 
LDEN: Link Delay Equalizer Enable is on, the transmitter analog output is coupled to the receiver 
АЗЕ: Amplitude 3-Link Select analog input through an attenuator in accordance with CCITT 
D3L: Delay 3-Link Select recommendation V.54 loop 3. 


2. Remote Anaiog Loopback Activate. When the L4ACT bit 
(0:4:6) is on, the receiver analog input is connected to the 


Definition of Equalizer Parameters: transmitter analog output through a variable gain amplifier. 


1. Cable Equalizer. The cable equalizer select bits simulta- 3. 
neously control amplitude and delay compromise equalizers 
in both the transmit and receive paths. The following table 
gives the possible bit combinations. 


Loop 4 High бат. When the L4HG bit (0:4:5) is on, the loop 
4 variable gain amplifier is set for + 16 dB. When L4HG is 
off, the gain is 0 dB. 


4. Remote Digital Loopback Activate. When the L2ACT bit 
(0:4:1) is on, the receiver digital output is connected to the 


Cable (0.4 mm diameter) Equalizer Seiection | PTT 4 С 
transmitter digital input in accordance with CCITT recommen- 


CABS2 CABS1 Cabie Length dation V.54 loop 2. 
0 0 0.0 
0 1 1.8 кт 5. Transmitter Level Select 3, 2and 1. Transmitter analog out- 
1 0 3.6 Кт put level is determined by bits TL3, TL2, and TL1 as shown 
1 1 7.2 km in the following table: 


2. Link Equalizer. The link equalizer enable and select bits 
control separate amplitude and delay compromise equalizers 
in the receive path. The following tables give the possible bit 
combinations. 


Link Amplitude Equalizer Selection 
T 


LAEN A3L Curve Matched 


0 
1 


No Equalizer 
U.S. Survey Long 


- о х 


1 Japanese 3-Link 


Transmitter Level Selection 


TL3 TL2 ТІЛ Transmitter Anaiog Output 
0 0 0 - 0.5 dBm +0.5 dB* 
о о 1 - 2.5 dBm +0.5 dB 
0 1 0 — 4.5 dBm +0.5 dB 
0 1 1 - 6.5 dBm +0.5 dB 
1 0 0 — 8.5 dBm +0.5 dB 
1 0 Q4 - 10.5 dBm +0.5 dB 
1 1 0 – 12.5 dBm +0.5 dB 
1 1 1 – 14.5 dBm +0.5 dB 
"Each step is a 2 dB change +0.2 dB 
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TRANSMITTER DATA 


The host processor conveys output data to the transmitter in 
parallel mode by writing a data byte to the transmitter Data 
Register (0:0) in the interface memory space. The data must be 
divided on integral baud boundries as shown in the following 
table: 


Transmitter Data Register (0:0) 
Configuration | Bit 7 [Bit 6 [Bit 5 | Bit 4| Bit 3 ви 2 [ви 1 [ви о] 
V.27 4800 bps Baud 1 Baud 0 


V.27 2400 bps| Ваші з | Baud2 | Baud! | Ваџао 
NOTE: Data eee Bit 0 First. 


FREQM/FREQL 


The host processor conveys tone generation data to the transmit- 
ter by writing a 16-bit data word to the FREQM/FREQL registers 
(0:3 and 0:2) in the interface memory space as shown in the 
following tables: 


Bit 7 
215 
Bit 7 
27 


The frequency number (М) determines the frequency (Е) as 
follows: Е =0.146484N Hz + 0.01% 


FREQM Register 
тигт виз | ви2 | ви! | Bito | 
213 212 211 | 210 [2 29 28 | 
FREQL Register 


Bit | ви um Bit 4 | виз | Bit2 ae) эт 
| 26 25 22 


2' 20 


Bit 6 
214 


Hexadecimai frequency numbers (FREQM, FREQL) for com- 
monly generated tones are given in the following table: 


Commonly Generated Tones 


[Frequency | РАЕОМ FREQL | 
462 Hz ос 52 
1100 Hz 1D 55 
1650 Hz 2C 00 
1850 Hz 31 55 
2100 Hz 38 00 


TRANSMITTER HANDSHAKE 


The host processor performs a handshake sequence with the 
transmitter by controlling and testing bits in the transmitter hand- 
shake register (0:E) in the interface memory space as shown 
in the following table: 


Transmitter Handshake Register (0:E) 


M Е ak Bta | = Bit 2 


Bito | 


TBA | 


Bit 1 
TE | X 
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Definition of Transmitter Handshake Terms: 


Transmitter Interrupt Active 
: Transmitter Setup Bit 

Transmitter Interrupt Enable 
: Transmitter Buffer Available 


Definition of Transmitter Handshake Sequences: 


1. Transmitter Buffer Available. The ТВА bit goes off when the 
host processor writes data to transmitter data register (0:0). 
When the transmitter empties register 0:0 the ТВА bit is on. 


2. Transmitter Interrupt Enable. When the host processor writes 
a 1 in the TIE bit, the IRQ line of the hardware interface 
is driven low when ТВА is on. 


8. Transmitter interrupt Active. Status bit TIA is on whenever 
the transmitter is driving IRQ low. 


4. Transmitter Setup Bit. When the host processor changes the 
transmitter configuration register, the host must write a 1 in 
the TSB bit. Bit TSB goes to 0 when the change becomes 
effective. 


RECEIVER CONFIGURATION 

The host processor configures the receiver by writing a control 
byte into the receiver configuration register (1:6) in the interface 
memory space as shown in the followirig table: 


Receiver Conflguration Reglster (1:6) 


виз | ви? | ви! | Bito 
х | | RDR2 | нон: 


| Bit 7 | Bite 
| x X 


Bit5 | виа 
ruts | X 


Definition of Receiver Configuration Terms: 


RLTS: Receiver Long Training Sequence 
RDR2: Receiver Data Rate 2 

Selects 4800 bps/V.27) 

Receiver Data Rate 1 

Selects 2400 bps/V.27) 


ADAT: 


Controi words for receiver configuration are given in hexadecimal 
format in the following tabie: 


Receiver Configuration Control 


No. Configuration Configuration Word (HEX) 
1 V.27 4800 Long 22 
V.27 2400 Long 21 
V.27 4800 Short 02 
V.27 2400 Short 01 
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Definition of Receiver Configurations: 


When any of the V.27 configurations has been selected, the 
transmitter operates as specified in CCITT recommendation 
V.27. 


RECEIVER OPTION 


The host processor conveys option information to the transmit- 
ter by writing a control byte into the option register (1:7) in its 
interface memory space. as shown in the following table: 


Recelver Optlon Register (1:7) 


вит | Bits | Bits | вна | виз | виг | Bita 
RTH2 | ATH? | DDIS | ЯРОМ | SWRT | вият | T2 


Bit 0 
RTDIS 


Definition of Receiver Option Terms: 


RTH2, 1: Receiver Energy Detector Threshold (Bits 2 and 1) 
DDIS: Descrambler Disable 

RPDM: Receiver Parallel Data Mode 

SWRT: Sample Write 

BWRT: Baud Write 

T2: T/2 Equalizer Select 

RTDIS: Receiver Training Disable 


Definition of Receiver Options: 


1. Receiver Energy Detector Threshold (Bits 2 and 1). The 
receiver energy detector threshold is set by bits RTH2 and 
RTH1 according to the following table: 


Receiver Energy Detect Thresholds 


RTH2 | RATHI | ALSD Оп RLSD Off 
0 о > -43 dBm < -48 dBm 
0 1 > -33 аВт < -38 dBm 
1 о > -26 аВт < -31 dBm 
1 1 > -16 аВт < -21 аВт 


2. Descrambler Disable. When the 0015 bit (1:7:5) is on, the 
receiver descrambler circuit is removed from the data path. 


3. Receiver Parallel Data Mode. When the RPDM bit (1:7:4) is 
on, the receiver supplies data to the receiver data register (1:0) 
in parallel with the hardware serial data outpul. 


4. Sample Write. When the SWRT bit (1:7:3) is on, the 16-bit 
word in registers 1:1 and 1:0 is written in the RAM location 
specified by the contents of register 1:4. 


5. Baud Write. When the BWRT bit (1:7:2) is on, the 16-bit word 
in locations 2:1 and 2:0 is written in the RAM location specified 
by the contents of register 2:4. 
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6. 7/2 Equalizer Select. When the T2 bit (1:7:1) is on, an adap- 
tive equalizer with two taps per baud is used. When Т2 is off 
the equalizer has one tap per baud. 


7. Receiver Training Disable. When the RTDIS bit (1:7:0) is оп, 
the receiver is prevented from recognizing a training 
sequence. 


RECEIVER SAMPLE HANDSHAKE 


The host processor performs a handshake sequence with the 
receiver sample rate device by controlling and testing bits in the 
receiver sample handshake register (1:E) in the interface memory 
Space as shown in the following table: 


Recelver Sample Handshake Register (1:E) 
| Bito | 


[ Bit7 | вне | Bits | вид | виз | виг | Bit v 
[RSA| x | x | x [Rsse|RsigE] x [ASDA 


| 


Definition of Receiver Sample Handshake Terms: 


RSIA: 
RSSB: 
RSIE: 
RSDA: 


Receiver Sample Interrupt Active 
Receiver Sample Setup Bit 
Receiver Sample Interrupt Enable 
Receiver Sample Data Available 


Definition of Receiver Sample Handshake Sequence: 


1. Receiver Sample Data Available. The RSDA bit goes on 
when the receiver writes data into the receiver data register 
(1:0). The bit goes off when the host processor reads data 
from register 1:0. 


2. Receiver Sample Interrupt Enable. When the host processor 
writes a 1 in the RSIE bit, the IRQ line о! the hardware inter- 
face is driven low when RSDA is on. 


3. Receiver Sample interrupt Active. Status bit RSIA is on 
whenever the Receiver Sample rate device is driving IRQ low. 


4. Receiver Setup Bit. When the host processor changes the 
receiver configuration or bits 6 or 7 in the option register, the 
host must write a 1 in the RSB bit. Bit FSB goes to 0 when 
the changes become effective. 


RECEIVER BAUD HANDSHAKE 


The host processor performs a handshake sequence with the 
receiver baud rate device by controlling and testing bits in the 
receiver baud handshake register (2:E) in the interface memory 
space as shown in the following table: 


Recelver Baud Handshake Register (2:E) 


ви7 | Bite 


Bit 5 | вка | виз 
АВА | X x 


Bit 2 Bito | 
x | x 


Bit 1 
RBIE Xx RBDA 


R48DP 


4800 bps Data Pump Modem 


Definition of Receiver Baud Handshake Terms: 


RBIA: Receiver Baud Interrupt Active 
RBIE: Receiver Baud Interrupt Enable 
RBDA: Receiver Baud Data Available 


Definition of Receiver Baud Handshake Sequence: 


1. Receiver Baud Data Available. The RBDA bit goes on when 
the receiver writes data into register (2:0). The bit goes off 
when the host processor reads data from register 2:0. 


2. Receiver Baud Interrupt Enabie, When the host processor 
writes а 1 in the RBIE bit, the IRQ line of the hardware inter- 
face is driven low when RBDA is on. 


3. Receiver Baud interrupt Active. Status bit RBIA_is on 
whenever the receiver baud rate device is driving IRQ low. 


RECEIVER SAMPLE STATUS 


The host processor has access to various status bits that reflect 
operation of the receiver sample rate device. These bits can be 
tested by the host by reading the receiver sample status word 
(1:8 and 1:9) in the interface memory space as shown in the 
following tables: 


Recelver Sample Status Reglster 1 (1:8) 


Recelver Sample Status Register 2 (1:9) 


[виз | виа | виз | 


Definition of Receiver Sampie Status Terms: 
Р2ОЕТ: Period Two Detector 


FED: Fast Energy Detector 


Definition of Receiver Sampie Status Conditions: 


1. Period Two Detector When the P2DET bit (1:8:2) is off, it indi- 
cates that a P2 sequence has been detected. This bit sets 
to a 1 at the start of the receive data state. 


2. Fast Energy Detector. When the FED bit (1:9:6) is off, it indi- 
cates that energy above the receiver threshold is present in 
the passband. 
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RECEIVER BAUD STATUS 


The host processor has access to status bits that reflect opera- 
tion of the receiver baud rate device. These bits can be tested 
by the host by reading the receiver baud status word (1:B) in 
the interface memory space as shown in the following table: 


Receiver Baud Status Register (1:B) 


Fm [вв [ors | виа ms [mz s | aro, 


Definition of Receiver Baud Status Terms: 


PNDET: Period N Detector 
CDET: Carrier Detector 


Definition of Receiver Baud Status Conditions: 


1. Period N Detector. When the PNDET bit (1:B:6) is off, it indi- 
cates a PN sequence has been detected. This bit sets to a 
1 at the end of the PN sequence. 


=. Carrler Detector. When the CDET bit (1:8:0) is off, it indicates 
that passband energy is being detected and that a training 
sequence is not In process. It goes off at start of data state 
and goes to a 1 at end of received signal. 


RECEIVER DATA 


The host processor accepts input data from the receiver in 
parallel mode by reading a byte from the receiver data register 
(2:0) in the interface memory space. The data is divided on inte- 
gral baud boundries identical to the transmitter data register with 
bit 0 received first. Note that the receiver data register is used 
for diagnostic data in the serial mode. 


DIAGNOSTIC CAPABILITIES 


The R48DP provides the user with access to much of the data 
stored in the modem's memories. This data 15 a useful tool in 
performing certain diagnostic functions. 


HARDWARE DIAGNOSTIC CIRCUITS 


Signal names and descriptions of the hardware diagnostic 
circuits are given in the following table: 


Hardware Diagnostic Circuits 


| Мате vo Pin No. Description 
EYEX 0 15С Eye Pattern Data — Х Axis 
EYEY 0 14А Eye Pattern Data — У Axis 
EYECLK 0 140 Eye Pattern Clock 
EYESYNC 0 13A Eye Pattern Synchronizing 


Signal 


R48DP 


Eye Pattern Generation — The four hardware diagnostic circuits 
allow the user to generate and display an eye pattern. Circuits 
EYEX and EYEY serially present eye pattern data for the horizon- 
tal and vertical display inputs respectively. The 8-bit data words 
are shifted out most significant bit first, clocked by the rising 
edge of the EYECLK output. The EYESYNC output is provided 
for word synchronization. The falling edge of EYESYNC may 
be used to transfer the 8-bit word from the shift register to а 
holding register. Digital to analog conversion can then be per- 
formed for driving the X and Y inputs of an oscilloscope. 


SOFTWARE DIAGNOSTIC CIRCUITS 


Each receiver device (sample rate and baud rate) contains six 
registers in the interface memory space dedicated to reading 
and writing modem RAM locations from the host processor bus. 
Four of these registers are organized into 2-byte data words and 
the remaining two registers form 1-byte control registers that hold 
RAM access codes. Data is read from RAM into the data 
registers. Data is written into RAM from the data registers. The 
RAM location involved in the data transfer is specified by the 
RAM access code stored in the associated diagnostic control 
register. The diagnostic registers are related as shown in the 
following table: 


Software Diagnostic Registers 


Control Data Word | Data Word 

Device | Register Write Bit (MSB) (LSB) 
Sample | XS (1:5) None XSM (1:3) XSL (1:2) 
Sample | YS (1:4) | SWRT (1:7:3) | YSM (1:1) YSL (1:0)* 
Baud XB (2:5) None XBM (2:3) | XBL (2:2) 
Baud YB (2:4) | BWRT (1:7:2) | YBM (2:1) YBL (2:0) 
*in parallel mode, register 1:0 is used for receive data and 

not diagnostic data. 


Data transfer is regulated by the appropriate data available bit. 
Reading always takes place at the designated rate, and data 
left in the data registers is overwritten each cycle. When the 
associated write bit is set, a write cycle is performed each time 
the associated data available bit is off. 


The eight bits of registers 2:3 and 2:1 are continuously presented 
serially on hardware interface linos EYEX and EYEY 
respectively. 
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RAM ACCESS CODES 


The following table lists access codes for frequently used RAM 
data: 


RAM Access Codes 


: Real Imag. 

| Bank Function Access | Access 
MES Received Signal Samples со - 
| Demodulator Output c2 42 
| Low Pass Filter Output 04 54 
| Амегаде Епегду = 5C 
| AGC Gain Word — MSB's 81 - 
| AGC Gain Word — LSB’s — 01 
2 Equalizer Input со 40 

Equalizer Tap Coefficients 81-A0 01-20 


Unrotated Equalizer Output E1 61 
Rotated Equalizer Output 


(Received Points) A2 22 

Decision Points (Ideal Data Points) E2 62 

Error ЕЗ 63 

Rotation Angle — 00 

i Frequency Correction (MSB's) AA — 
Frequency Correction (LSB's) — 2A 

EQM A7 — 


POWER-ON INITIALIZATION 


When power is applied to the R48DP, a period of 100 to 300 ms 
is required for initialization. The power-on-reset signal (POR) 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to operate. At POR time 
the modem defaults to the following configuration: V.27, 
4800 bps, T/2, long echo protect disable tone, serial data mode, 
internal clock, cable select 1.8 Km, amplitude and delay 
equalizers enabled and Japanese 3-link curves selected, 
transmitter output level set to -- 0.5 dBm +0.5 GB, interrupts 
disabled, and receiver threshold set to — 43 dBm. 


POR can also be used to initialize the users's host processor. 
It may be connected to a user supplied power-on-reset signal 
in а wire-or configuration. 


PERFORMANCE 


Functioning as a V.27 bis/ter type modem, the R48DP provides 
the user with unexcelled high performance. 


Bit Error Rates — The Bit Error Rate (BER) performance of the 
modem is specified for a test configuration conforming to that 
specified in CCITT recommendation V.56. except with regard 
to the placement of the filter used to bandlimit the white noise 
Source. Bit error rates are measured at a received line signal 
level of -20 dBm as illustrated. 


R48DP | 4800 bps Data Pump Modem 


Phase Jitter —At 2400 bps, the modem exhibits a bit error rate 


4800 BPS of 10-6 or less with a signal-to-noise ratio of 12.5 dB in the 
v.27 presence of 15° peak-to-peak phase jitter at 150 Hz or with a 
Lo signal-to-noise ratio of 15 dB in the presence of 30° peak-to-peak 
2400 BPS phase jitter at 120 Hz (scrambler inserted). 


At 4800 bps (У.27 bis/ter), the modem exhibits a bit error rate 
of 10-6 or less with a signal-to-noise ratio of 19 dB in the 
presence of 15° peak-to-peak phase jitter at 60 Hz. 


INTERFACE CIRCUIT CHARACTERISTICS 
DIGITAL INTERFACE CIRCUITS 


Digital Input Characteristics 


Input Logic State Allowed Input Voltage Levels 


Low 0.0V to +0.8V at -2.5 pA 
High +2.0V to +5.0V at +2.5 pA 


Notes 
. The digital inputs are directly TTL/CMOS compatible. The 
capacitive loading on each input is 25 pF (maximum). 
. Positive current is defined as current into the node. 


Bit Error Rate 


= 


№ 


Digital Output Characteristics 
Output Logic State | Output Voltage Level ! 


Low +0.4V at + 1.6 тА 
10 5 High +2.4V at — 100 pA 
6 8 #10 12 14 16 18 20 22 24 26 28 30 


SIGNAL-TO-NOISE RATIO dB 


Notes 
. The digital outputs are directly TTL/CMOS compatible. 
Capacitive drive capability is 25 pF. 
. Positive current is defined as current into the node. 


= 


№ 


Туріса! Bit Error Rate Performance 


NOISE 
SOURCE ATTENUATOR 
GR1381 HP 350D 
50 KHZ BW 


LEVEL 
METER 
HP 3552A 


MODEM LINE IMPAIRMENT ATTENUATOR MODEM 


TRANS- SIMULATOR SOURCE HP 350D RECEIVER 
MITTER BRADLEY 2A 


ENGINEERING ENGINEERING 


MODEM NOTE CONSOLE 
CONSOLE Signal and noise are measured with 3 kHz flat weighting. 


BER Performance Test Set-up 
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ANALOG INTERFACE CIRCUITS 


Transmitter Output Level — The transmitter output level is 
adjustable in 2 dB steps from - 0.5 dBm to - 14.5 dBm accurate 
to +0.5 dB. This level is measured at TXA into a 600 ohm 
impedance. 


Receiver Input — The receiver input impedance is 63.4K 
ohm + 5%. 


Auxiliary Transmitter Input — The auxiliary transmitter input 
(AUXIN) allows access to the transmitter for the purpose of 
interfacing with user provided equipment. Because this is a 
sampled data input, signals above 4800 Hz will cause aliasing 
errors. The input impedance is 1K ohm and the gain to transmit- 
ter output is OdB. 


R48DP SPECIFICATIONS 


Power Requirements 


Voltage | Tolerance | Current (Max) 
+5 Мас %5% <700 mA 

+12 Мас +5% <20 мА 

– 12 Мас +5% <80 мА 


Note: АП voltages must have ripple <0.1 volts peak-to-peak. 


Environmental 


Parameter Specification 
Temperature: 
Operating— 0°C to + 60°С (32 to 140°F) 
Storage— ~ 40°C to +90°C (- 40 to 176°F) 


Stored in heat sealed antistatic bag 
and shipping container 

Relative Humidity: Up to 90% noncondensing, or a wet 
bulb temperature up to 35°C, 
whichever is less. 


Mechanical Information 


Parameter Specification 


Board Structure: Single PC board with single right 
angle header with 64 pins, DIN 41612 
or equivalent mating connector. 


Dimensions: Width—3.94 in. (100 mm) 
Length—4.70 in. (120 mm) 
Height—-0.55 іп. (1.40 ст) 
Weight: Less than .22 Ibs. (08 kg} 
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V27P/1 


HIGH SPEED 4800 BPS MODEM 


INTRODUCTION FEATURES 

The Rockwell V27P/1 is a versatile, high performance, 4800 bps Е ; Ne 

modem on a single printed circuit ae. Being CCITT v27 ээде printed’ creuit card 

compatible, the V27P/1 (with minimal interface circuitry) can e 4800/2400 bps modes 

operate on dedicated 2-wire or 4-wire half-duplex or 4-wire full- • Full-duplex ог half-duplex 

duplex lines. The V27P/1 can also operate in halt-duplex on the e Dedicated or general switched network lines operation 
general switched network. e Ultimate user flexibility: 


Measuring approximately 9.2 inches (23.3 cm) by 6.3 inches 
(16.0 cm), the V27P/1 is the smallest full-feature 4800 bps 
modem that approaches data communication theoretical per- 
formance limits. 


The V27P/1 meets the tolerances specified in the CCITT V.27 
bis (alternate A), V.27 ter and FSK T.30 specifications. In addition, 
the V27P/1 can be configured to be functionally compatible with 
those enhanced specifications available in the Rockwell V27P 
and M48P modem series. 


ри 


—CCITT У.27 ter, М.27 bis compatible 
—Also 300 bps binary signalling per CCITT T.30 
TTL compatibility 

Automatic adaptive equalizer 

Analog loopback test circuitry 

0 to —45 dBm dynamic AGC 

LSI signal processing 

High reliability 

Low power consumption: 

— Typically 3.5 watts 

Automatic training sequence for receiver 


Document No. 29220N31 


Data Sheet Order No. 631 
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FUNCTIONAL SPECIFICATIONS 


TRANSMIT CONTROLS 


XMIT 


HIGH SPEED DATA INPUT а, TRANSMITTER TRANSMITTER DAC LOW PASS LINE 
TRAINING DEVICE SIGNAL 
DEVICE — 
FSK DATA INPUT ___. 
FSK DATA OUTPUT + BANDPASS LODPBACK 
FILTER 
EYE QUALITY 
RECEIVER 
DEVICE 
sepes rey 
RECEIVER стао ‹ 
vmm] gut Г тескен ақы |- Be 
SELECT 
RECEIVE CONTROLS 
. V27P/ Functional Block Diagram 
|  _ 
Transmit Carrier and Signalling Frequencies tion. At 1200 baud the spectrum is shaped by approximately 
Carrier Frequency Codex a square root of 90 percent raised cosine filter function. 
f N о 
Compatible QAM: . 1706.667 Hz = 0.01% The 1600 and 1200 baud configurations require a usable 
Carrier Frequency V.27: 1800 Hz + 0.01% н 
Echo Suppression Frequencies: 2100 Hz + 0.01% bandwidth from 950 Hz to 2650 Hz and 1150 Hz to 2450 Hz 
2025 Hz + 0.01% respectively. 
Signalling Frequencies of T.30: 1850 Hz + 0.01% А 
1650 Hz = 0.01% Data Encoding 
1300 Hz + 0.01% At 1600 baud the data stream is divided into groups of three 
1100 Hz + 0.01% bits (tribits). The data rate of 4800 bps may use either an 8- 


point QAM structure or 8-phase structure. Encoding of the 


Received Signal Frequency Tolerance tribits in the 8-phase structure are per CCITT Recommen- 


The receiver can receive frequency errors of up to + 10 dation V.27 ter. 
Hz with less than a 0.2 dB degradation in Bit Error Rate 
performance. At 1200 baud the data stream is divided into groups of two 
bits (dibits). The data rate of 2400 bps uses a 4-phase data 
Data Signalling and Modulation Rate structure. Encoding of the dibits may be per the fallback rate 
At 1600 baud: of CCITT Recommendation V.27 bis ancl ter (same as V.26A) 
Signalling Rate— 1600 baud + 0.01% or V26B depending on the selected configuration. 
Data Rate — 4800 bps + 0.01% 
At 1200 baud: Turn-on, Turn-off Sequences 
Signalling Rate— 1200 baud + 0.01% The V27P/1 turn-on sequences are compatible with CCITT 
Data Rate— 2400 bps + 0.01% Recommendations V.27 bis (alternate i), V.27, and Rockwell 


Transmitted Data Spectrum M48P modem specifications. 


At 1600 baud the transmitted spectrum is shaped by approx- The turn-off sequences for all V.27 тосев (except the 1600 
imately a square root of 50 percent raised cosine filter func baud rate manual V.27 mode) consists of 5 to 10 millisec- 
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onds of remaining data followed by continuous scrambled 1's 
followed by no transmission energy. The period of no trans- 
mission energy is provided by turning off the transmitter key 
signal for a recommended duration of 20 milliseconds. 


The turn-off sequences for ail non-V.27 modes consists of 
4 to 7 milliseconds of remaining data followed by a period of 
no transmission energy. 


Ready For Sending Response Times 


The Ready For Sending response time to a Request To Send 
is determined by the configuration selected and its corre- 
sponding training time. In Table 1 the Training Times are 
shown in milliseconds. Note, however, that the 1600 baud 
manual! CCITT configurations actually specify the synchro- 
nizing Sequence timing per CCITT V.27 rather than the training 
time. Also note the following abbreviations. 


ITC (1Р-5Р): Transmitter Configuration Inputs 1 through 


5. These five bits establish the octal code 


V27P/1 Configurations 


IRC (1P-5P): 


1855 (1P-2P), 
ITSS (1Р-2Р): 


shown where P1 and P2 are the most sig- 
nificant octal digit and РЗ through Р5 
establish the least significant octal digit 
shown in the chart. 


Receiver Configuration Inputs 1 through 5. 
These five bits establish the octal code 
shown where P1 and P2 are the most sig- 
nificant octal digit and P3 through Р5 
establish the least significant octal digit 
shown in the chart. 


Receiver Signal Structure and Transmitter 
Signal Structure. Where P1 and P2 estab- 
lish an octal code of 0, 1, 2, or 3. They 
define the signal structures as follows: 
1 selects 8 point QAM 
3 selects DPSK as: 
8-phase at 1600 baud 
4-phase at 1200 baud 


Signal 
Structure 
Transmitter Receiver IRSS (1P-2P) Training Carrier 
ITC (1P-5P) IRC (1P-5P) ITSS (1P-2P) Time Frequency 
No. Configuration (Octai Code) (Octai Code) (Octai Code) (msec) (hz) 
1. | 1600 Baud DIAL, CCITT DIAL 22 1 22 1,3 181 
2. | 1600 Baud DIAL — Т/2 22 36 1,3 4800 181 
3. | 1600 Baud DIAL Slow 36 22 1,3 4800 221 
4. | 1600 Ваџа Р-Р 20 20 13 4800 | 141 
5. | 1600 Baud Р-Р — T/2 20 32 1,3 4800 141 
6. | 1600 Baud Manual CCITT 32 30 3 4800 | 20(Sync 
Sequence) 
7. | 1600 Baud Manual CCITT 30 30 3 4800 50 (Sync 
Sequence) 
8. | 1600 Baud V27 DIAL/P-P 23 23 3 4800 708 
9. | 1600 Baud V27 DIAL/P-P EP 27 23 3 4800 923 
10. | 1600 Baud V27 DIAL/P-P — T/2 23 33 3 4800 708 
11. | 1600 Baud V27 DIAL/P-P — Т/2 EP 27 33 3 4800 923 
12. | 1600 Baud V27 Multipoint — T/2 21 27 3 4800 50 
13. | 1600 Baud V27 Resync (use with 21 25 3 4800 50 
configuration 8) 
14. | 1600 Baud V27 Resync EP (use 25 25 3 4800 265 
with configuration 9) 
15. | 1600 Baud V27 Resync — T/2 (use 21 35 3 4800 50 
with configuration 10) 
16. | 1600 Baud V27 Resync — T/2 EP 25 35 3 4800 265 
(use with configuration 11) 
17. | 1200 Baud DIAL 14 10 3 2400 170 
18. | 1200 Baud P-P 10 10 3 2400 117 
19. | 1200 Baud V27 DIAL/P-P 13 11 3 2400 943 
20. | 1200 Baud V27 DIAL/P-P ЕР 17 11 3 2400 1158 
21. | 1200 Baud V27 Multipoint 11 15 3 2400 66 
22. | 1200 Baud V27 Resync (use with 11 13 3 2400 66 
configuration 19) 
23. | 1200 Baud V27 Resync EP (use 15 13 3 2400 281 
with configuration 20) 
Note: Carrier frequency is 1706 2/3 Hz when IRSS (1P-2P) is a 1 (8-point). 


Carrier frequency is 1800 Hz when IRSS (1Р-2Р) is a 3 (8-phase DPSK). 
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Received Line Signal Detector (D109) 


The time response of the Received Line Signal detector cir- 
cuit (D109) is a function of the length of the received turn-on 
sequence. Circuit D109 turns on after synchronizing is com- 
pleted and prior to user data appearing on the received 
output line. D109 turns on for approximately 2 milliseconds 
after the echo protect tone disappears in the V27EP config- 
urations (No. 9, 11, 14, 16, 20 and 23 of the V27P/1 Config- 
uration Chart). 


For non-CCITT configurations (No. 1, 2 and 3 in the table on 
page 3), D109 momentarily goes on at the beginning of the 
synchronizing sequence. 


When no synchronizing signal is detected at the receiver, 
D109 turns on in 5 to 15 milliseconds for an applied signal 
greater than 3 dB above the turn on threshold. If training is 
not enabled at the receiver, D109 turns on in 5 to 15 
milliseconds. 


Three threshold options are provided: 


1) Greater than —43 dBm: D109 ON 
Less than —48 dBm: D109 OFF 

2) Greater than —26 dBm: D109 ON 
Less than — 31 dBm: D109 OFF 

3) Greater than -16 dBm: D109 ON 
Less than —21 dBm: D109 OFF 


The three threshold options are controlled by the condition 
of the THRESH1 and THRESH2 control linas as indicated 
below. 


dB LEVEL THRESH1 THRESH2 
—43 dBm ON Open Circuit Open Circuit 
—26 dBm ON Open Circuit 0to —0.5V 
—16 dBm ON 0 to -0.5V Open Circuit 


When the received signal drops 5 dB below the D109 turn 
off threshold, D109 will turn off in 5 to 15 milliseconds. The 
condition of D109 between the selected turn on and turn off 
threshoids is not specified except that a hysteresis action of 
greater than 2 dB exists between the off-to-on and on-to-off 
transition levels. 


Recommended circuits to control THRESH1 and THRESH2 
input interface lines are shown іп diagrams (A, В and С). 


Bit Error Rates 


The V27P/1 is thoroughly tested to guarantee Bit Error Rate 
(BER) performance under test conditions equivalent to CCITT 
Recommendation V.26. The test set-up used by Rockwell is 
shown in the BER Performance Test Set-up diagram. 


The results of these BER performance tests are shown in the 
Typical Bit Error Rate Performance diagram. 
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| 
varPA 


THRESH1 
or THRESH2 


CMOS 
MM74C907 


20K 
А„————— THRESH! or 2 


+5V 
+12V 
20K 
ті |-———| 
> THRESH! or 2 


19K 


Suggested Interface Circults for Controlling 
THRESH! and THRESH? Input Lines 


Data Scrambler Selection 


The V27P/1 makes available to the user one CCITT V.29 
compatible scrambler, five different period 127 scramblers 
(and descramblers), and a no scramble option. These scram- 
blers provide data transmitted by the V27P/1 with the degree 
of randomness necessary to ensure the continued conver- 
gence of all adaptive processes at the receiver. The seven 
possible scrambler configurations that are user software 
selectable are: 


Period 127 cryptographic 
e Period 127 synchronizing 


e CCITT period 127 self synchronizing (compatible with 
CCITT Recommendation V.27) 


Period 8,388,607 self synchronizing (compatible with 

CCITT Recommendation V.29) 

e Period 127 self synchronizing with 8-bit protection 

e CCITT period 127 зе! synchronizing (compatible with 
CCITT Recommendations V.27 bis and ter) 

e No scrambier 


All scramblers can be used with all modem configurations 
listed in the table on page 3. 
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NOISE 
SOURCE 
GR1381 
50 KHZ BW 


LEVEL 
METER 
HP 3555B 


ATTENUATOR 
HP 350D 


LINE IMPAIRMENT 


SIMULATOR 


ATTENUATOR 
HP 350D 


MODEM 
RECEIVER 


BRADLEY 2A 


NOTE 


THE V.56B CONFIGURATION INCLUDES A PERFECT 0.3 TO 3.4 KHz FILTER 
ON THE NOISE SOURCE. TO ACHIEVE THE SAME EFFECT IN THIS 


ENGINEERING CONFIGURATION, THE LEVEL METER USES 15 KHz FLAT WEIGHTING AND 


ENGINEERING 
MODEM 


MODEM 
CONSOLE 


6.85 dB IS ADDED TO THE MEASURED S/N RATIO. 


CONSOLE 


BER Performance Test Set-up 


300BPS 2400 BPS V27TER 4800 BPS V27 TER 


BIT ERROR RATE 


o 2. а 5 B 10 12 14 10 
SIGNAL TO NOISE RATIO 


18 20 


Typicai Bit Error Rate Performance 


MODES OF OPERATION 


The V27P/1 has two modes of operation; a training mode 
and a data mode. In order for the receiver to correctly decode 
the transmitted data the V27P/1 must detect the presence 
of a line signal, adjust the AGC, detect the presence of a 
training sequence, recover the baud timing of the transmitter, 
phase and frequency lock to the carrier associated with the 
received signal, and adapt the equalizer to the amplitude and 
delay characteristics of the channel. This learning process 
is accomplished most efficiently when the transmitter initiates 
a training sequence whenever a new transmitter-receiver 
connection is made. К is possible to set up the receiver 
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without a training sequence, but it is a manual mode requiring 
considerable user effort. In a training mode, an internally 
generated pattern is transmitted to the receiver to facilitate 
synchronization. During the training mode, the data input line 
to the receiver is ignored and the output line does not reflect 
the state of the data input. 


In the data mode of operation, information on the data input 
is strobed by the transmitter signal element clock and trans- 
mitted to the receiver. The receiver demodulates and decodes 
the passband signal and outputs the recovered data on the 
output where it is then ready to be strobed by the receiver 
signal element clock. 


Request To Send—Ready For Sending 


To initiate transmitter operation in the data or training mode, 
the Request to Send input is brought high. If a training mode 
is not initiated the Ready for Sending indicator goes high 
within one baud interval and data transmission commences. 


The mode of the receiver is indicated by the data channel 
received line signal detector (D109). For data mode, D109 
is high and the receiver training mode indicator is low. 


If the receiver enters the training mode, the receiver training 
mode indicator goes high until the training mode is com- 
pleted. When training is completed the receiver training mode 
indicator goes low and, if sufficient signal energy is present 
on the input line, D109 goes high, enabling the data mode. 


Training Mode—Dial and Point-To-Point 


For dial and point-to-point configurations, the V27P/1 receiver 
training is automatically initiated whenever a training sequence 
is detected in the received line signal. The training sequence 
consists of two phases: Phase 1 causes the training detector 
fo turn on and also makes a course adjustment of the carrier 
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frequency variable which compensates for any frequency 
translation due to the channel; Phase 2 is used to converge 
the adaptive equalizer which is part of the V27P/1 structure. 


A short scrambler synchronization sequence follows Phase 
2 and is used to generate the success indicator. In order for 
training to be successful, the incoming training sequence 
must have been generated by a simitarly configured trans- 
mitter using a compatible training sequence. 


At the receiver, detection of a training sequence requires that 
there be sufficient signal energy and that the receiver's car- 
rier frequency variable be within 30 Hz of nominal. 


Training Resync (V.27 bis/ter Turnaround) 


In a 2-wire half duplex data communication system, data can 
be transmitted in only one direction at any given instant. 
Therefore, the modems at the local and remote sites are 
required to interchange their roles as the receiver and the 
transmitter respectively. This turnaround operation requires 
constant resynchronization to meet CCITT Recommenda- 
tions for V.27 bis/ter. 


The resync configurations are used for reacquiring synchro- 
nization in turnaround operation without ћампд to go through 
the normal long training sequence. The resync training 
sequences are relatively short and are used for recovering 
carrier phase, symbol timing and achieving equalizer con- 
vergence without resetting carrier frequency and equalizer 
taps. 


Training Mode—Multipoint 


In the V27P/1 modem, two multipoint configurations are pro- 
vided for 4-wire circuits conforming to M1020 which permit 
short training sequences. In these configurations, the first 
train signal must be high to process the short training 
Sequences; otherwise the receiver will ignore the training 
sequence and enter directly into the data mode. The receiver 
will enter into the training mode if the first train signal is high 
and there is sufficient signal energy. 


For 4-wire circuits which are worse than M1020 and for 
2-wire circuits, a long training sequence should be used 
rather than the multipoint configuration. These training 
sequences require that the receiver be in the proper Ча! 
point-to-point configuration. 


Training Mode—Manual 


The V27P/1 modem includes two manual configurations in 
which the remote modem need not transmit a special training 
Sequence to the local receiver. In these configurations, the 
equalizer tap coefficients for the local receiver must be ini- 
tialized from an external source. The tap coefficients may be 
initialized by controlling three input terms-—ICR, ІСІ and 
ICLCP—in synchronization with the Baud Rate Clock. 


In order to operate the modem in the manual configurations, 
both the transmitter and receiver must be set according to 
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the code shown in Table 1. Manual configuration code octal 
30 has a longer synchronizing sequence than configuration 
code octal 32, but both synchronizing sequences conform 
to the CCITT Recommendation V.27. Чомемег, neither se- 
quence is of sufficient duration to aid in training the receiver. 


Receiver Operation During Loss of Line Signal 


When there is no line signal present. all receiver update 
relating to the equalizer, carrier frequency variable and baud 
timing are inhibited and the current values of the equalizer 
taps and the carrier frequency variable are retained. 


DATA QUALITY 


The receiver generates an Eye Quality Monitor (EQM) signal 
that can be used to determine the equivalent Gaussian signal 
to noise ratio of the overall system within approximately + 
2 db. Eye quality is determined by calculating the difference 
between the received signal point after equalization and the 
transmitted or expected signal point. The receiver output 
DEQ2P is a filtered version of this errcr signal. It is a serial 
word clocked by the system bit clock (345.6 KHz or 230.4 
KHz, depending on baud rate). Output signal DQGTP is а 
gating signal which delineates the eight MSB's of DEQ2P. 
The use and interpretation of these binary signals are quite 
complex and are dependent on the application and the signal 
structure. The user can derive a meaningful interpretation of 
the EQM readings by monitoring them while testing the 
modem against his performance criteria. 


Visual Display of Eye Pattern 


A visual indication of the modem's performance can be 
obtained by displaying the received baseband signal struc- 
ture after equalization. This is done by converting the eight 
MSB's of the real and imaginary equalized signal points 
available on DRERP and DIERP to analog voltages which 
are then used to drive the horizontal and vertical sweeps of 
an oscilloscope. The resultant display will be a symmetrical 
dot pattern of 16 points, 8 points, or 4 points which is a time 
representation of the received baseband signal. Any uncom- 
pensated distortion over the transmission path will cause 
each dot in the pattern to enlarge or otherwise show distor- 
tion. A typical visual eye pattern of a 4 point display is shown 
in the following diagram. 

DISPERSION 


————- DUE TO GAIN 
ERRORS 


A ки 
E) ~ OISPERSION DUE 
E —7 ТО PHASE ERRORS 


DISPERSION AROUND 

PROPER POSITION DUE 
~—____ TO COMBINATION OF 
CIRCLE REPRESENTS H RANDOM NOISE, PHASE 
PROPER POSITION OF ERROR, АМО/ОН GAIN 
HIGH QUALITY SIGNAL ERROR 


Typical Eye Pattern 


V27P/1 


High Speed 4800 BPS Modem 


Success Indicator 


A second data quality indicator is provided for in all config- 
urations except the 1200 baud non-V.27 modes. This signal 
provides a rough indication that the training has been suc- 
cessful and that data will be properly received. This "suc- 
cess" output (DSUCP) will go high during the last one to 
twenty milliseconds of receiver training, provided training has 
been successful. During the data mode (DRTMP low and 
D109 high), DSUCP will go high whenever 15 consecutive 
data marks or spaces are decoded at the receiver data 
output. 


ADDITIONAL CAPABILITIES 


The V27P/1 provides many additional capabilities germane 
to data communication system design and implementation. 
Capabilities such as local loopback, tone generation and 
detection, external clock facilities, and 300 bps FSK opera- 
tion are briefly described in the following paragraphs. 


Local Loopback Capability 


A local loopback option is available for all half duplex and full 
duplex modem configurations. The Local Loopback Com- 
mand (ILB) connects the transmitter's output through a buffer 
amplifier to the receiver input, thereby allowing a check of 
the local modem. The ILB command squelches the input to 
the receiver and loops the analog signal from the transmitter 
to the receiver input. 


An internal pattern generator is also incorporated in the 
modem which can be used when no modem test set is 
available. 


Tone Generation And Detection 


The transmitter can be used to transmit single frequency 
tones for disabling echo suppressors or for system signaling. 
Tone that can be transmitted (selected through software con- 
trol) are: 1100 Hz, 1300 Hz, 1650 Hz, 1850 Hz, 2025 Hz, and 
2100 Hz. Other tones are also possible. The carrier fre- 
quency can be altered by selection of values for a binary bit 
Stream. 


External Data Clock 


The даа input to the transmitter can be clocked from an 
external source when the external clock is used as a refer- 
ence input to the data ciock's phase locked loop. By applying 
an external clock the reference input will cause the trans- 
mitter data clock to track the frequency and phase of the ref- 
erence. The frequency of the reference clock must be within 
100 ppm of nominal in order for the receiver's baud timing 
to properly track that of the transmitter. The reference clock 
can be equal to the nominal data clock frequency or be a 
subharmonic of it as long as the frequency tolerance is 
adhered to. 


300 bps FSK Modem Operation 


A CCITT T.30 compatible 300 bps FSK modem having char- 
acteristics of the CCITT V.21 channel! 2 modulation system 
can also be configured. The FSK modem is capable of gen- 
erating the 1100, 1300, 1650 and 1850 Hz tones. 


SPECIFICATIONS 
V27P/1 Specifications 
DC Voltages 
Voltage Tolerance Current (Typical) Current (Max) 
+ 5 volt =5% 
+12 volt +5% 
—12 моћ +5% 


Note: All voltages must have ripple =0.1 volts peak-to-peak. 


Temperature: 


Relative Humidity: 
Board Structure: 
Mating Connector: 


Dimensions: 
Weight: 


Environment 


Operating: ФС to +60°C (32 to 140°F) 
Storage: —40°С to +80°C (--40 to 176°F) 
(Stored in heat sealed antistatic bag and shipping container) 


Up to 90% noncondensing, or a wet bulb temperature up to 35°C, which- 
ever is less. 
Mechanical 
Single PC board with edge connector 


100-ріп, edge connector, two sided, with 0.1 in (2.54 cm) centers. Rec- 
ommended Viking ЗУНБОЛЈМО5 or equivalent mating connector. 


Width—9.188 in (23.338 cm)  Depth— 6.288 in (15.972 ст) 
Less than 0.45 Ibs (0.20 kg) 
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integral Modems 


R1212 


PRELIMINARY 


INTRODUCTION 


The Rockwell R1212 is a high performance full-duplex 1200 bps 
modem. Using state-of-the-art VLSI and signal processing 
technology, the R1212 provides the user with enhanced perform- 
ance and reliability on a single printed circuit board of less than 
22 square-inches—overall size. 


The R1212 modem is ideal for data transmission over the 2-wire 
dial-up telephone network. The direct-connect, auto dial/answer 
features are specifically designed for remote and central site 
computer applications. The bus interface allows easy integra- 
tion into a personal computer, box modem, microcomputer, 
terminal or any other communications product that demands the 
utmost in reliability and performance. 


The added test features, such as local analog loopback, remote 
digital loopback, and a self-test function, offer the user flexibil- 
ity in creating a 1200 bps modem design customized for specific 
packaging and functional requirements. 


Being CCITT V.22 A, B compatible, as well as Bell 212A and 
103 compatible, this modem fits any application for full-duplex 
1200 bps (synchronous and asynchronous) and 0 to 300 bps 
asynchronous data transmission over the general switched 
telephone network. 


FEATURES 


CCITT V.22 A, B Compatible 
Bell 212A and 103 Compatible 
Synchronous: 1200 bps, 600 bps +0.01% 
Asynchronous: 1200 bps, 600 bps + 1%, — 2.5%, 0-300 bps 
—Character length 8, 9, 10, or 11 bits 
* DTE Interface 
—Functionally: Microprocessor Bus (Control) and RS-232-C 
Interface (Data/Control) 
—Electrically: TTL Compatible 
* Operation: 2-wire full-duplex 
* Adaptive and Fixed Compromize Equalization 
* Test Configurations: 
—Local Analog Loopback 
—Remote Digital Loopback 
—Self Test 
• Auto/Manual Answer 
Ашо/Мапиа! Dial: 
—Tone or Pulse Dial 
Power Consumption: 3 Watts Typical 
Power Requirements: +5 Мас, +12 Vdc 
Plug-compatible member of new Rockwell modem line 
Two Versions: R1212DC (Direct Connect) with FCC approved 
DAA Part 68 Interface and Н1212М (Module) without DAA 
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TECHNICAL SPECIFICATIONS 


The following are the technical specifications for the R1212 
modem. 


TRANSMITTER CARRIER AND SIGNALING 
FREQUENCIES 


The transmitter carrier and signaling frequencies are given in 
the following table: 


Transmitter Carrier and Signaling 
Frequencies Specifications 


Specification 

Frequency (Hz +0.01%) 
\.22 low channel, Originate Mode 1200 
V.22 high channel, Answer Mode 2400 
Bell 212A high channel Answer Mode 2400 
Bell 212A low channel Originate Mode 1200 
Bell 103/113 Originating Mark 1270 
Ве! 103/113 Originating Space 1070 
Bell 103/113 Answer Mark 2225 
Bell 103/113 Answer Space 2025 


TONE GENERATION 


The specifications for tone generation are as follows: 

1. Answer Backtones: The R1212 is capable of generating 
echo disabling tones both of the CCITT and Bell versions, 
as follows: 

a. CCITT: 2100 Hz +15 Hz. 
b. Bell: 2225 Hz +10 Hz. 

2. Guard Tones: if GTS is low, ап 1800 Hz guard tone frequency 
is selected; if GTS if high, a 553.846 Hz tone is employed. 
In accordance with the CCITT V.22 Recommendation, the 
level of transmitted power for the 1800 Hz guard tone should 
be 6 + 14В below the level of the data power in the main 
channel. The total power is transmitted to the line shouid be 
the same whether or not a guard tone is enabled. if a 553.846 
Hz guard is used, its transmitted power should be 3 + 1dB 


below the level of the main channel power, and again the 
overall power transmitted to the line should remain constant 
whether or not a guard tone is enabled. The device 
accomplishes this by reducing the main channel transmit path 
gain by .97dB and 1.76dB for the cases of the 1800 Hz and 
553.846 Hz guard tones respectively. 

3. DTMF Tones: The R1212 is capable of generating duai tone 
multi-frequency tones. When the transmission of DTMF tones 
are required, the CRQ and DTMF bits must be set to a 1. 
(see Interface Memory). When in this mode, the specific 
DTMF tones generated are decided by loading transmit 
register with the appropriate digit as shown in the following 
table: 

Interface Memory Signals 


BCD Dial Digits Tone Pairs 
0 0 0 0 0 941 1336 
0 0 0 1 1 697 1209 
0 0 1 0 2 697 1336 
0 0 1 1 3 697 1477 
0 1 0 0 4 770 1209 
0 1 0 1 5 770 1336 
0 1 1 0 6 770 1477 
0 1 1 1 7 852 1209 
1 0 0 0 8 852 1336 
1 0 0 1 9 852 1477 
1 0 1 0 * 941 1209 
1 0 1 1 Spare (B) 697 1633 
1 1 0 0 Spare (C) 770 1633 
1 1 0 1 Spare (D) 852 1633 
1 1 1 0 # 941 1477 
1 1 1 1 Spare (Р) 941 1633 


TONE DETECTION 
The R1212 can detect tones in the 340 to 645 Hz band. 


SIGNALING AND DATA RATES | 
The signaling and data rates for the R1212 are defined in the 


Signaling and Data Rates 


Operating Mode Signaling Rate (Baud) 
V.22: 
(Alternative A) 


Mode i 600 
Mode iii 600 
(Alternative B) 
Mode i 600 
Mode iii 600 
Mode ii 600 
Mode iv 
Bell 212A 600 
0 to 300 


table below: 
Data Rate 1 


1200 bps +0.01% Synchronous 


600 bps +0.01% Synchronous 


1200 bps +0.01% Synchronous 
600 bps + 0.01% Synchronous 


1200 bps Asynchronous 


8, 9, 10, or 11 Bits Per Character 
600 bps Asynchronous 
8, 9, 10, or 11 Bits Per Character 
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1200 bps +0.01% 
Synchronous/Asychronous 


0 to 300 Bps Asynchronous 


81212 


DATA ENCODING 


The specifications for data encoding are as follows: 

1. 1200 bps (V.22 and Bell 212A). The transmitted data is divided 
into groups of two consecutive bits (dibits) forming a four-point 
signal structure. 

2. 600 bps (V.22). Each bit is encoded as a phase change 
relative to the phase preceding signal elements. 


EQUALIZERS 


The R1212 provides equalization functions which can be used 
to improve performance when operating over poor lines. 


Automatic Adaptive Equalizer-—-An automatic adaptive 
equalizer is provided in the receiver circuit for V.22 and Bell 212A 
configurations. 


Fixed Compromise Equalizer—Compromise equalizers are pro- 
vided in the transmitter and receiver. 


TRANSMITTED DATA SPECTRUM 


After making allowance for the nominal specified compromise 
equalizer characteristic, the transmitted line signal has a fre- 
quency spectrum shaped by the square root of a 75 percent 
raised cosine filter. Similarly, the group delay of the transmitter 
output is within + 100 microseconds over the frequency range 
800 to 1600 Hz (low channel) and 2000 to 2800 Hz (high 
channel). 


SCRAMBLER/DESCRAMBLER 


The R1212 incorporates a self-synchronizing scrambler/ 
descrambler. In accordance with the CCITT V.22 and the Bell 
212A recommendations. 


RECEIVED SIGNAL FREQUENCY TOLERANCE 


The receiver circuit of the R1212 can adapt to received frequency 
errors of up to +7 Hz with less than a 0.2 dBm degradation in 
BER performance. 


RECEIVE LEVEL 


The receiver circuit of the R1212 satisfies all specified perform- 
ance requirements for the received line signals from - 12 dBm 
to — 45 dBm. The received line signal is measured at the receiver 
analog input RXA. 


RECEIVE TIMING 


The R1212 provides a Receive Data Clock (RDCLK) output in 
the form of a (50 + 196 duty cycle) squarewave. The low to high 
transitions of this output coincide with the center of received data 
bits. The timing recovery circuit is capable of tracking a + 0.01% 
frequency error in the associated transmit timing source. 


TRANSMIT LEVEL 


The R1212M output control circuitry contains a variable gain 
buffer which reduces the modem output level. The R1212M can 
be strapped via the host interface memory to accomplish this. 
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Transmit Level 


Configuration Word Transmit Levei 
000 0 dbm 
001 -2 dbm 
010 -4 dbm 
011 -6 dbm 
100 -8 dbm 
101 -10 dbm 
110 -12 dbm 
111 -14 dbm 


PERMISSIVE/PROGRAMMABLE CONFIGURATIONS 


The R1212M transmit level is set to 0 dBm to allow a DAA to 
be used. The DAA would then determine the permissive or pro- 
grammable configuration. 


The R1212DC transmit level is strapped in the permissive mode 
so that the maximum output level is — 9.5 dBm +0.5 dBm. 


TRANSMIT TIMING 


The R1212 provides a Transmit Data Clock (TDCLK) output with 
the following characteristics: 

1. Frequency. Selected data rate of 1200 or 600 Hz (+ 0.01%). 
2. Duty Cycle. 50 + 1%. 


Transmit Data (TXD) must be stable during the one microsecond 
periods immediately preceding and following the rising edge of 
TDCLK. 


CLAMPING 


The following clamp is provided with the R1212: 
1. Receive Data (RXD). RXD is clamped to a constant mark (1) 
whenever RLSD is off. 


RECEIVED LINE SIGNAL DETECTOR 


The high and low channel thresholds are greater than - 45 dBm 
(RLSD on) and iess than - 48 dBm (RLSD off) for V.22 and Bell 
212A configurations. 


DATA SET READY 


The on condition of the R1212 output Data Set Ready (DSR) 
indicates that the modem is in the data transfer state. The off 
condition of DSR is an indication that the DTE is to disregard 
all signals appearing on the interchange circuits—except the call- 
ing indicator and the test signal. DSR will switch to the off state 
when in test state. The on condition of DSR indicates the 
following: 


1. The modem is not in the talk state, i.e., an associated 
telephone handset is not in control of the line. 

2. The modem is not in the process of automatically establishing 
a call via pulse or DTMF dialing. 

3. The modem is generating an answer tone or detecting answer 
tone. 

4. After ring indicate goes on, DSR waits at least two seconds 
before turning on to allow the Бе! equipment to be engaged. 


DSR will go off 50 msec after ОТА goes off or 50 msec plus a 
maximum of 4 sec when SSD is enabled. 
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R1212 Functional Interconnect Diagram 


DATA TERMINAL READY CONTROL SELECTION 

An on condition of DTR prepares the modem to be connected Selection of either the serial or parallel control is by means of 
to the communications channel, and maintains the connection bits ([0,1]:D:7). To enable the parallel control, the bits must be 
established by the DTE (manual answering) or internal set to a one. In either mode, the R1212 is configured by the host 
(automatic answering) means. The off condition places the processor via the microprocessor bus. 


modem in the disconnect state. 


INTERFACE CRITERIA 


The modem interface comprises both hardware and software 
MODES OF OPERATION circuits. Hardware circuits are assigned to specific pins in a 
The R1212 is capable of being operated in either a serial or a 64-pin DIN connector. Software circuits are assigned to specific 
parallel mode of operation. bits in a 32-byte interface memory. 


HARDWARE SUPERVISORY CIRCUITS 


SERIAL MODE Signal names and descriptions of the hardware supervisory 

circuits, including the microprocessor interface, are given in the 
The serial mode uses standard V.24 (RS-232-C compatible) following table. The microprocessor interface was designed to 
signals to transfer channel data. An optional USART device be compatible with an 8080, 6500, 6800, and 68000 
(shown in the diagram above) illustrates this capability. microprocessor. 
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R1212 Hardware Supervisory Circuits 


Name Type Pin No. 


Description 


Ground 


A. OVERHEAD 
DGND G 5A, 10A, Digital Ground 
3C, 8C 
AGND G 31С, 32C | Analog Ground 
+5 VDC Р 19С, 23С, | +5 Volt Supply 
26С, 30С 
+12 МОС Р 15А + 12 Volt Supply 
-12VDC| P 12A - 12 Volt Supply 
POR OC 13C Power-On-Reset 
B. MICROPROCESSOR INTERFACE 
07 Т в 1С 
D6 B 1A 
05 B 2C 
D4 B 2A Data Bus (8-Bits) 
D3 B 3A 
D2 B 4c 
D1 B 4A 
DO B 5C 
RS3 | 6C 
RS2 І бА Register Select (4-Bits) 
RS1 | 7C 
RSO І 7А 
cso | 10С Chip Select for Bank 0 
csi | 9C Chip Select for Bank 1 
READ І 12С Read Enable 
WRITE | 11A Write Enable 
IRQ OC 11C Interrupt Request 
C. V.24 INTERFACE 
XTCLK І 22А External Transmit Clock 
TDCLK о 23A Transmit Data Clock 
RDCLK о 21А Receive Data Clock 
CTS о 25С Clear-to-Send 
TXD І 24С Transmit Data 
RXD о 22C Receive Data 
RLSD о 24А Received Line Signal Detector 
DTR | 21C Data Terminal Ready 
DSR о 20А Data Set Веасу 
RI о 18А Ring Indicator In 
D. ANALOG SIGNALS (R1212M ONLY) 
ВХА | 32A | Receive Analog 
ТХА о З1А Transmit Analog 
E. SIGNALS TO DAA (R2424M ONLY) 
RD | 27А Ring Detect {| 
RCCT о 28А Request Coupler Cut Through 
CCT I 29C Coupler Cut Through 
| OH о 29А Off-Hook Relay Control 
Е. ANCILLARY FUNCTIONS 
TBCLK о 27С Transmit Baud Clock 
RBCLK о 26А Receive Baud Clock 
ТІК. І 28C Taik TLK = Data 
| ORG | 16C Originate ORG = Answer 
В Bidirectional 
| Input 
о Output 
OC Open Collector 
P Power 


—————— M ктш чөн: 
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Microprocessor Interface Timing Diagram 


Critical Timing Requirements 


Characteristic Symboi | Min | Max | Units 

CSi, RSi setup time prior | 

to Read or Write TCS 30 - NS 
Data Access time after Read TDA — 140 NS 
Data hold time after Read TDH `0 50 NS 
CSi, RSi hold time after 

Read or Write TCH 10 — NS 
Write data setup time TWDS 7 — NS 
Write data hold time TWDH 10 = NS 
Write strobe pulse width TWR 75 - NS 


R1212 1200 bps Full-Duplex Modem 


INTERFACE MEMORY 


The R1212 has two banks of 16 registers to which an external 
(host) microprocessor has access. Although these registers аге 
within the modem, they may be addressed as part of the host 
processor’s memory space. The host may read data out of or 
write data into these registers. These registers, as shown in the 
following table, are refered to as interface memory. 


When information in these registers is being discussed, the 
format У:2:0 is used. The bank is specified by У (0 ог 1), the 
register by Z (0-F), and the bit by Q (0-7, 0 = LSB). A bit is 
considered to be ‘on’ when set to a one. 


R1212 interface Memory 


Reg No. Reg No. 
Bank (HEX) Description Bank (HEX) Description | 
0 0 о Мо! Џзе 121 0 Dial Digit Register 
0 1 Do Not Use 1 1 Do Not Use 
0 2 Diagnostic Data Real LSB’s 1 2 Diagnostic Data Real LSB’s 
0 3 Diagnostic Data Real MSB’s 1 3 Diagnostic Data Real MSB’s 
0 4 Diagnostic Data Imaginary LSB's 1 4 Diagnostic Data Imaginary LSB’s 
0 5 Diagnostic Data Imaginary MSB’s 1 5 Diagnostic Data Imaginary MSB’s 
0 6 Ро Not Use 1 6 Do Not Use 
0 7 Do Not Use 1 7 Do Not Use 
0 8 Receiver Status 1 8 Transmitter Status 
0 9 Receiver Status 1 9 Configuration 
0 А Configuration 1 A Configuration 
0 B Configuration 1 B Configuration 
0 с Configuration 1 с Configuration 
0 D Configuration 1 D Configuration 
0 E Handshake Status 1 E Handshake Status 
0 Е Diagnostic Control Register 1 F 2-1 Diagnostic Control Register 


The interface memory bits are defined in the following table: 


interface Memory Definitions 


— 
Memory 
Name Definition | Location Description 


When on, AAE causes the modem to automatically answer when a ringing signal 
is present on the line. 


AAE Auto Answer Enable 1:D:4 


AL Analog Loopback (0,1):В:0 When оп, AL places the modem іп analog loopback. (See Software Diagnostic 


Circuits). 
BUS Bus Select (0,1):0:7 When on, BUS places the modem іп the parallel control mode. When off, the 
modem is configured for the serial control mode. Bus can be in either state to 


configure the modem. 


These bits select either 8, 9, 10, or 11 bit characters. (See Character Length 
table). 


CHAR Character Length Select (0,1): C: (3,4) 


CRQ Call Request (0,1):0:6 When оп, СВО places the transmitter in auto dial апа the receiver іп tone 
detect mode. The data placed in the dial digit buffer is then treated as digits to 
be dialed. After the last digit has been dialed, FF (Hex) should be loaded into 
the buffer to teil the modem to go to the data state. СНО in the transmitter 
(Bank 1) when turned off causes the modem to go on-hook. Therefore, it should 
be on for the duration of the call and not turned off until it is desired to go on- 
hook. СВО in the receiver (Bank 0) must be turned off immediately after 
ringback is detected to put the modem in the data mode, otherwise no 


answerback tone will be detected. 


CTS Clear-to-Send 1:8:6 When on, CTS indicates to the terminal equipment that the modem will transmit 


any data which are present at TXD. 


When on, DATA places the modem in data state and when off in the talk state. 


DATA | Talk/Data 1:D:5 
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Interface Memory Definitions (Continued) 


Memory 
Name Definition Location Description 
|_______ 

DDE} Dial Digit Empty Interrupt 1:Е:2 When on, DDEI causes ап interrupt to occur when the dial digit register (1:0) 
is empty (DDRE = 1). 

DDRE Dial Digit Register Empty 1:E:0 When on, DDRE indicates that the dial digit register is empty and can be 
loaded with new digits to be dialed. After the register is loacled, DDRE goes 
off. 

DL Digital Loopback (Manual) (0,1):A:5 When оп, DL manually places the modem in digital loopback. (See Software 
Diagnostic Circuits). 

DLO Data Line Occupied 1:8:7 When on, DLO indicates that the modem is in auto dial, i.e., САО is on and 
the modem is off-hook ready to dial. 

DSR Data Set Ready 1:8:5 When on, DSR indicates that the modem hanshake has begun and that the 
data state will follow. DSR alone should not be used to indicate that the 
communication channel has been completely established. DSR in conjunction 
with CTS and RLSD will determine this. DSR will be off in all test states 
(except optionally for analog loopback) and when the channel is being used 
for voice communication (talk). 

DSRA Data Set Ready In Analog 1:С:7 When оп, DSRA causes DSR to be on during analog loopback. 

Loopback 
DTMF Touch Tones/ 1:B:1 When оп, ОТМЕ tells the modem to auto dial using tones. When off the 
Pulse Dialing modem should dial using pulses. 

DTR Data Terminal Ready 1:0:3 РТА must Бе on before the modem will enter the data state, either manually 
or automatically. DTR must also be on in order for the modem to automatically 
answer an incoming call. 

ENSI Enable New Status (0,1): E:6 When on, ENSI causes an interrupt to occur when the status bits in registers 

Interrupt (0:[8, 9]) and (1:8) are updated. (NEWS = 1) 
ERDL Enable Response to (0,1): А:7 When оп, ЕНГІ. enables the modem to respond to another modem's remote 
Remote Digital Loopback digital loopback request, thus going into loopback. 

GTE Guard Tone Enable 1:8:4 When on, GTE causes the specified guard tone to be transrnitted (CCITT 
Configurations only). 

GTS Guard Tone Select 1:B:3 When off, GTS selects the 1800 Hz tone and when on the 550 Hz tone. 

IRQ interrupt Request (0,1):Е:7 When on, IRQ indicates that an interrupt has been generated. 

LCD Enable Loss of Carrier 0:D:2 When on, LCD causes the modem to terminate a call when a loss of received 

Disconnect carrier energy is detected after approximately 350 msec. 

MODE Mode Select (0,1): А: (0-3) These bits select the compatibility at which the modem is to operate. (See 
Mode Select tabie). 

NEWC New Configuration (0,1):E:3 When on, NEWC tells the modem that a new configuration has been written 
into the configuration registers. The modem will then read the configuration 
registers and then reset NEWG. NEWC must be set after a new configuration 
has been written into the following registers: (0:[A-D]) and (1:[9-D]). The 
remaining registers do not require the use of NEWC to tell the modem that 
new data was written into them. 

NEWS New Status (0,1): Е:5 When on, NEWS tells the user that there has been a change of status in the 
status registers. 

________- 
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Interface Memory Definitions (Continued) 


Memory 1 
Мате Definition Locatlon Description 
= Ге 4 
ова Originate/Answer 1:9:5 When on, ORG tells the modem that it is originating a call and when low 
answering a call. This is only valid in manual originate/answer and analog 
loopback. 
RDL Initiate Remote Digital (0,1)::A:6 When on, RDL causes the modem to initiate a request for the remote modem 
Loopback to go into digital loopback. 

RDLI Remote Digital Loopback 0:8:1 When on, RDLI indicates that the modem has received an RDL request and is 
Indicator in remote digital loopback. 

Ri Ring Indicator 1:8:4 When on, RI indicates that a ringing signal is being detected. 

RLSD Received Line Signal 0:8:0 When on, RLSD indicates that the carrier has successfully been received. 
Detector RLSD will not respond to the 550, 1800, 2100, or 2225 Hz tones. 

RSD Enable Receive Space 0:D:1 When on, RSD causes the modem to go on-hook after receiving approximately 
Disconnect 1.6 seconds of continuous spaces. 

SPEED Speed Indication 0:9:(4,5) 00 = 300 bps 10 = 1200 bps 
01 = 600 bps 

SSD Enable Send Space 1:D:0 When on, SSD causes the modem to transmit approximately 4 seconds of 

Disconnect spaces before disconnecting, when DTR is turned off. 

ST Self Test (0,1):A:4 When on, ST activates self test. ST must be turned off to end the test. (See 
Software Diagnostic Circuits). 

3DB 3 dB Loss to Receive 1:B:2 When on, 3DB attenuates the received signal 3dB. This is only used if the 

Signal А1212М will see OdBm or greater line signal at the receiver input. insertion of 
the 3dB 1055 will then prevent saturation. This bit is not needed with the 
R1212DC. 

TONE Tone Detect 0:8:7 TONE follows the energy detected in the 340 to 645 Hz frequency band. The 
user must determine which tone is present on the line by determining the duty 
cycle. ТОМЕ is active only when СНО in Bank 0 is on. 

TXCLK Transmit Clock Select 1:С:(5,6) TXCLK allows the user to designate the origin of the transmitter data clock. 
(See Transmit Clock table). 

J 


SOFTWARE SUPERVISORY CIRCUITS 


Mode 


The operation of the R1212 is affected by a number of software 
control inputs. These inputs are written into registers within the 
modem via a microprocessor bus under external control. Modem 
operation is monitored by various software flags that are read 
from modem registers using the same microprocessor bus. 


The transmit and receive registers contain many bits which per- 
form identicai functions and are located in the same memory 
location only in different banks. Care must be taken to set these 
bits according to the desired function. 


CONFIGURATION REGISTER 


The host processor configures the R1212 by writing a control 
word into the configuration registers in its interface memory 
space as shown in the following tables: 
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Configuration 


Contiguration Word 


Bell 212A 1200 Sync. оо 0 
Bell 212A 1200 Async. 0011 
Bell 212A 300 Async. 0100 
V.22A 1200 Sync. 1000 
V.22B 1200 Async. 1001 
V.22A 600 Sync. 1010 
V.22B 600 Async. 1011 


Character Length 


Configuration 


Configuration Word 


8 bits оо 
9 bits 01 
10 bits 10 
11 bits 1 1 


R1212 


Transmit Clock 


Configuration 


Configuration Word 


Internal оо 
Not Used 0 1! 
External 10 
Slave 1 1 


Receiver Interface Memory Bank 0 (CSO) 


Bit 
7 6 5 4 3 2 1 0 
Register 

0 
1 
2 № Diagnostic Data Real Low 
3 Diagnostic Data Real High 
4 Diagnostic Data Imaginary Low 
5 Diagnostic Data Imaginary High 
6 
7 
8 TONE RDLI | RLSD 
9 | Speed | | 
А ERDL| ROL | DL | эт Моде 
в AL 
с CHAR | | 
D BUS | CRQ LCD | RSD 
Е IRQ TENSI NEWS| NEWC 
F Diagnostic Control Register 

Transmitter Interface Memory Bank 1 (CSI) 

Bit 

7 6 5 4 3 2 1 0 
Register 
0 Dial Digit Register 
1 
L 
2 Diagnostic Data Real Low 
3 | Diagnostic Data Real High 
4 | Diagnostic Data Imaginary Low 
5 Diagnostic Data Imaginary High 
6 
7 
86 [оо | cts | DSR | RI 
9 ова 
_ А ЕВО. = DL ST Mode 
B |  TXLEVEL |GE es зов |DTMF| AL 
с ОЗАА TXCLK CHAR 
jot 

p __| 805 | сна | РАТА | ААЕ | ОТВ | SSD 
E IRQ | ENSI ed dee] DDEI | DDRE 
F | Diagnostic Control Register 
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AUTO DIAL SEQUENCE 


The following flow chart defines the auto dial sequence via the 
microprocessor interface memory. 


= 


ЗЕТ ОТМЕ 
1 = ТОМЕЗ 
0 = PULSES 


LOAD DIAL 
DIGIT INTO 
D.D. REG. 


LOAD FF 
INTO 
D.D. REG. 


Auto Dial Sequence Flow Diagram 


Note: The modem timing for the auto dialer accounts for inter- 
digit delay for pulses and tones. 


DIAGNOSTIC CAPABILITIES 


The R1212 provides the user with access to much of the data 
stored in the modems memories. This data is a useful tool in 
performing certain diagnostic functions. 


RAM ACCESS CODES 


The RAM access codes defined in the table below allow the host 
processor to read diagnostic data from the modem receiver. The 
access codes should be loaded into the diagnostic control 
register (0:Ғ). The appropriate diagnostic data will then be 
available in the diagnostic data registers (0:[2-5]). 


RAM Access Codes Bank 0 


Function Access | Data Type 
Scrambled Data (Imag. Reg.) | 00 | Real 
Self Test Error Counter (Real Reg.) 00 Real 
Equalizer Tap Coefficients 01-09 | Complex 
Phase Error (Real Reg.) ос Веа! 
Rotated Equalizer Output ор Complex 

(Received Point Eye Pattern) 

Rotated Angle (Imag. Reg.) ОЕ Аеа! 
Low Pass Filter Output 40 Complex 
input Signal to Equalizer Tap Coefficients 41-49 | Complex 
Decision Points (Ideal) 4D Complex 
Rotated Error 4Е Complex 
Equalizer Output 4F Complex 
| Demodulator Output 52 | Complex 
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TEST 


The specifications for R1212 tests are defined as follows: 


Self tests can be initiated by setting bits ([0,1]:A:4) to a 1. It 
is possible to perform the tests with or without the DTE con- 
nected to the modem. During any self test TXD and RTS are 
ignored. Note that self tests do not test asynchronous-to- 
synchronous converter circuits in either the transmitter or 
receiver. 


Error detection is accomplished by monitoring a counter in the 
RAM. If the counter increments during the self test, an error was 
made. The counter contents are available in the diagnostic 
registers when the RAM access code 00 is loaded in the 
diagnostic control register (0: Р). 


Self test end-to-end—Upon activation of self-test an internally 
generated data pattern of alternate binary ones and zeros 
(reversals) at the selected bit rate are applied to the scrambler. 
An error detector, capable of identifying errors in a stream of 
reversals are connected to the output of the descrambler. 


Self test with loop 3—Loop 3 is applied to the modem as 
defined in recommendation М.54. Self-test is activated and DCE 
operation is as in the end-to-end test. In this test DTR is ignored. 


Self test with loop 2—The modem is conditioned to instigate 
a loop 2 at the remote modem as specified in recommendation 
V.54. Self-test is activated and DCE operation is as in the end- 
to-end test. 


Loopbacks--Remote digital loopback, digital loopback, and 
local analog loopback can be initiated via the interface memory, 
as follows: 


1. Digital Loopback. The R1212 can be manually conditioned 
to loop the received data back to the transmitter by setting 


the DL bits ([0,1]: А:5). DL should be set during the data 
mode. DSR and CTS will be off. The local modem can then 
be tested from the far-end by using the terminal equipment 
at the far-end to transmit a test pattern and examine the 
looped data. At the far-end modem, аЙ interface circuits 
behave normally as in the data mode. At the conclusion of 
the test, DL must be turned off. The local modem will then 
return to the normal data mode with control reverting the 
DTE's DTR. 

2. Local Analog Loopback (V.54 Loop 3). The R1212 is capable 
of entering into a local analog loopback (V.54 Loop 3). In this 
loop, the transmitter's analog output is coupled to the 
receiver's analog input at a point near the modem's telephone 
line interface. An attenuator is introduced into the loop such 
that the signal level coupled into the receive path is approx- 
imately — 16 dBm attenuation. 

3. Remote Digital Loopback (V.54 Loop 2) (Bell 212A and CCITT 
V.22 bis and V.22). The R1212 is capable of entering into а 
remote digital loopback. Remote digital loopback may be 
locally entered by the interface memory. Remote digital loop- 
back cannot be performed simultaneously with local analog 
loopback. 3 


POWER-ON INITIALIZATION 


When power is applied to the R1212, a period of 100 to 300 ms 
is required for initialization. The power-on-reset (POR) signal 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to be configured. 


The modem automatically defaults to Bell 212A 1200 bps, 
answer state using serial start-stop data, 10 bits per character. 


POR can also be used to initialize the user’s host processor. 
It may be connected to a user supplied power-on-reset signal 
in a wire-or configuration. 


NOISE 

} SOURCE 
GR1381 

50 KHZ BW 


IMPAIRMENT 
SOURCE 
BRADLEY 2A 


LINE 
SIMULATOR 


ENGINEERING 
MODEM 
CONSOLE 


Signal and noise are measured with 3 kHz flat weighting. 


ATTENUATOR 
HP 350D 


ATTENUATOR MODEM 
HP 350D RECEIVER 


ENGINEERING 
MODEM 
CONSOLE 


BER Performance Test Set-up 
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PERFORMANCE 


Whether functioning as a V.22, or Bell 212A type modem, and 
regardless of simulated line condition or introduced line impair- 
ment, the R1212 provides unexcelled high performance to the 
user. 


BIT ERROR RATES 


The Bit Error Rate (BER) performance of the R1212 is specified 
for a test configuration conforming to that specified in CCITT 
Recommendation V.56, except with regard to the placement of 
the filter used to bandlimit the white noise source. Bit error rates 
are measured at a received line signal level of – 43 dBm. 


INTERFACE CIRCUIT CHARACTERISTICS 
DIGITAL INTERFACE CIRCUITS 


Digital Input Characteristics 


input Logic State Aliowed input Voltage Leveis 


Low 
High 


0.0V to +0.8V at -2.5 pA 
+2.0V to +5.0V at +2.5 pA 


Notes: 

1. The digital inputs are directly TTL/CMOS compatible. The 
capactive loading on each input is 25 pF (maximum). 

2. Positive current is defined as current into the node. 


Digital Output Characteristics 


Output Logic State Allowed Output Voltage Leveis 


+0.4V at + 1.6 тА 
+2.4V at -- 100 pA 


Low 
High 


Notes: 
1. The digital outputs are directly TTL/CMOS compatible. 
The capactive loading on each output is 50 pF (maximum). 


2. Positive current is defined as current into the node. 


ANALOG INTERFACE CIRCUITS 
TRANSMISSION LINE INTERFACE 


The R1212DC interface to the telephone line is the Tip and Ring 
leads. Lightning induced surge voltages and other hazardous 
voltages which may appear on the telephone line are limited to 
approximately 7V peak between the secondary leads of the line 
coupling transformer. 


The DAA (R1212DC опју) is bi-directional as required by 2-wire 
full-duplex circuits. 
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Connection to the telephone line interface pins of the R1212DC 
to the network are made via the RJ11, as shown in the table 
below: 


R1212DC Network Interface 


Connection Type Telco Mnemonic Function 
1 
vsoc 2 
RJ11 3 R Ring-one side of 
telephone line 
Jack 4 T Tip-one side of 
telephone line 
5 
6 


RING INDICATOR 


The 81212 provides a ring indicator (Ri) output; its low state 
indicates the presence of a ring signal ог the line. The low 
condition appears approximately coincident with the on segment 
of the ring cycle (during rings) on the communication channel. 
(The ring signal cycle is typically two seconds on, four seconds 
off.) The high condition of the indicator output is maintained 
during the off segment of the ring cycle (between rings) and at 
all other times when ringing is being received. The operation 
of RI is not disabled by an off condition on Data Terminal Ready. 


Ri will respond to ring signals in the frequency range of 15.3 Hz 
to 68 Hz with voltage amplitude levels of 40 to 150 Vrms (applied 
across Tip and Ring), with the response times given in the follow- 
ing table: 


Ri Response Time 


RI Transition 


Off-to-On 
On-to-Off 


Response Time 


125 ms to 400 ms 
75 ms to 250 ms 


This off-to-on (on-to-off) response time is defined as the time 
interval between the sudden connection (removal) of the ring 
signal across Tip and Ring and the subsequent on (off) transi- 
tion RI. 


OH (OFF-HOOK) 


The R1212M provides an output OH (Off-Hook) which indicates 
the state of the OH relay. A low condition on OH implies the OH 
relay is closed and the modem is connected to the telephone 
line. A high condition on OH implies the OH relay is open (ї.е., 
the modem is on-hook). The delay between the low-to-high or 
high-to-low transition of OH and the subsequent close-to-open 
or open-to-close transition of the OH relay is 8 ms maximum. 
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RD 


RD indicates to the R1212M by an on (low) condition that a 
ringing signal is present. The RD signal should not respond to 
momentary bursts of ringing less than 125 ms in duration, or 
to less than 40V rms, 15 to 68 Hz appearing across Tip and Ring 
with respect to ground. 


RCCT 


RCCT is used to request that a data transmission path through 
the DAA be connected to the telephone line. When RCCT goes 
off (low), the cut-through buffers are disabled and CCT should 
go off (high) within 1 msec. RCCT should be off during dialing 
but on for tone address signaling. 


CCT 
An on (low) signal to the CCT lead indicates to the R1212M that 
the data transmission path through the DAA is connected. 


AUDIO INTERFACE INPUT IMPEDANCE 
The specifications for the audio interface input impedance are 
given in the following table: 

Audio Interface Input Impedance 


On/Off Hook 
On-Hook (DC) 


Measurement 


The DC resistance between Tip and 
Ring, and between either Tip or Ring 
and signal ground is greater than 

10 megohms for DC voltages up to 
100 volts. 


The on-hook AC impedance measured 
between Tip and Ring is less than 
40K ohms (15.3 Hz minimum). 


Less than 200 ohms. 


On-Hook (AC) 


Off-Hook (DC) 
Off-Hook (AC) 


600 ohms nominal when measured 
between Tip and Ring. 


TRANSMITTER OUTPUT 


Basic telephone company requirement is that the signal level 
received at the relevant local central office not exceed – 12 dBm. 
Several different ‘‘connection arrangements" have been 
established (as documented in Part 68) to accomplish this goal. 


When the permissive connection arrangement is used, the 
transmit output signal level appearing across Tip and Ring (with 
a 600 ohm resistive load across Tip and Ring) will not exceed 
—9 dBm. The output level is set at a fixed — 10 dBm (nominal). 
The permissive wall jacks used for data connections are the 
same jacks used for standard voice installations. The permissive 
connection arrangement allows greater mobility for user 
equipment. 
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When the programmable connection arrangement is used, the 
maximum output transmit signal level allowed to appear across 
the Tip and Ring (again, terminated with 600 ohms) is set by 
a resistor installed by the telephone company in their wall jack 
at the customer location. The resistor (which is one of thirteen 
possible values) interacts with the modem through modem leads 
PR and PC to program the maximum output level, in one dB 
Steps between – 12 dBm and 0 dBm. (The resistor is selected 
by the telephone company jack installer after he has measured 
the line loss from the customer location to the local telephone 
company central office). 


INSTALLATION 
IMPORTANT NOTICE TO USER 


The modem contains protective circuitry registered with the 
Federal Communications Commission (FCC) Part 68 to allow 
direct connection to the switched telephone network. To com- 
ply with the FCC is required: 


1. All direct connections to the telephone lines shall be made 
through standard plugs and telephone company provided 
jacks. 

2. It is prohibited to connect the modem to pay telephones or 
party lines. 

3. You are required to notify the local telephone company prior 
to the connection and upon final disconnection of the modem. 
You must supply to the telephone company the make, model 
number, FCC registration number, ringer equivalence and 
particular line to which the connection is to be made. If the 
proper jacks are not available, you must order the type of 
jacks to be used from the telephone company. 

4. You should disconnect the modem from the telephone line 
if it appears to be malfunctioning. Reconnect it only when 
it can be determined that the telephone line is the source of 
trouble. If the modem needs repair, return it to Rockwell Inter- 
national. This applies to equipment both in and out of war- 
ranty. Do not attempt to repair the unitas this will violate FCC 
rules. 

5. The modem contains protective circuitry to prevent harmful 
voltagés from being transmitted to the telephone network. 
If however such harmful voltages do occur, then the telephone 
company shall: 

* Promptly notify you of the discontinuance. 

* Afford you the opportunity to correct the situation which 
caused the discontinuance. 

The FCC requires that the following label be prominently 

displayed on an outside surface of the OEM's end product. 

* Unit contains Registered Protective Сисийгу which 
complies with Part 68 of FCC Rules. 

* FCC Registration Number: Applied For 

* Ringer Equivalence: 0.5 

Size of the label should be such that all the required infor- 

mation is legible without magnification. 
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GENERAL SPECIFICATIONS 


The general specifications for the R1212 are given in the follow- 
ing tables: 


Power Requirements 


Tolerance 


+5% 
+5% 
+5% 


“А! voltages must have ripple <0.1 volts peak-to-peak. 


Voltage* 
+5 Мас 


Current (Max) 


Environmental 


Parameter Specification 
Temperature: 
Operating 0°С to +60°C (32 to 140°F) 
Storage* - 40°C to +80°C (-40 to 176°F) 


Relative Humidity: Up to 90% noncondensing, or a wet 
bulb temperature up to 35°C, 


whichever is less. 


Altitude: — 200 to + 10,000 feet 
*PCB's are stored in heat sealed antistatic bags and shipping 
containers. 
Mechanical 
Білім ны ын NEN TR CE 
Board Structure: Singie PC board with right angle 
maie DIN connector. 
Mating Connector: Female 3 row 64 pin Еџгосоппес!ог 


(DIN) with rows A and C popuiated: 
Recommended mating connector: 
Winchester 96S-6043-0531-1 or 


equivalent. 
PCB Dimensions: 
DC Version Width 3.94 in. (100 mm) x Length 
4.725 in. (120 mm) x Height 0.75 
in. (19 mm) 
M Version Width 3.94 in. (100 mm) x Length 
3.35 in. (88 mm) x Height 0.40 in. 
(10 mm) 
Weight: Less than 0.45 Ibs. (0.20 kg.) 
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= 
156 +.003 156 +.003 
= = DIAMETER са ы, DIAMETER 
1 С gí 4 PLACES t E 6 PLACES 
| MALE 64-PIN 
MALE 64-PIN 1177 DIN CONNECTOR 
|7 DIN CONNECTOR 
П Џ 
~ о 
8 È R1212M 58 R1212DC 
ES HOME [ Inches _| мм 
| 119 3 
2 2 156 4 
| A | 483 12 
; 4 E _ 2.725 69 
dee. = =} сы 3.346 85 
3.700 94 
-2725-- .483 --2.725--- 483: Зрзу 300 
- p 4.100 = 4.100 104 
oe H- 4.725 4.725 120 


Printed Circuit Board Dimensions 
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R2424 


integral Modems 


R2424 


PRELIMINARY 


INTRODUCTION 


The Rockwell R2424 is a high performance full-duplex 2400 bps 
modem. Using state-of-the-art VLSI and signal processing 
technology, the R2424 provides the user with enhanced perform- 
ance and reliability on a single printed circuit board of less than 
22 square-inches—overall size. 


The R2424 modem is ideal for data transmission over the 2-wire 
dial-up telephone network. The direct-connect, auto dial/answer 
features are specifically designed for remote and central site 
computer applications. The bus interface allows easy integra- 
tion into a personal computer, box modem, microcomputer, ter- 
minal or any other communications product that demands the 
utmost in reliability and performance. 


The added test features, such as local analog loopback, remote 
digital loopback, and a self-test function, offer the user flexibil- 
ity in creating a 2400 bps modem design customized for specific 
packaging and functional requirements. 


Being CCITT V.22 bis, V.22 A, B compatible, as well as Bell 212A 
and 103 compatible, this modem fits most applications for full- 
duplex 2400 and 1200 bps fallback (synchronous and asyn- 
chronous) and 0 to 300 bps asynchronous data transmission over 
the general switched telephone network. 


FEATURES 


CCITT V.22 bis, V.22 A, B Compatible 
Bell 212A and 103 Compatible 
Synchronous: 2400 bps, 1200 bps, 600 bps + 0.01% 
Asynchronous: 2400 bps, 1200 bps, 600 bps + 1%, -2.5%, 
0-300 bps 
—Character length 8, 9, 10, or 11 bits 
* DTE Interface 
—Functionally: Microprocessor Bus (Control) and RS-232-C 
Interface (Data/Control) 
—Electrically: TTL Compatible 
® Operation: 2-wire full-duplex 
• Adaptive and Fixed Compromize Equalization 
® Test Configurations: 
—Local Analog Loopback 
—Remote Digital Loopback 
—Self Test 
* Auto/Manual Answer 
* Auto/Manual Dial: 
—Tone or Pulse Dial 
Power Consumption: 3 Watts Typical 
Power Requirements: +5 Мас, +12 Vdc 
Plug-compatible member of new Rockwell modem line 
Two Versions: А24240С (Direct Connect) with FCC approved 
DAA Part 68 Interface and R2424M (Module) without DAA 
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TECHNICAL SPECIFICATIONS 


The following are the technical specifications for the R2424 


modem. 


TRANSMITTER CARRIER AND SIGNALING 
FREQUENCIES 


The transmitter carrier and signaling frequencies are given in 


the following table: 


Transmitter Carrier and Signaling 
Frequencies Specifications 


dation, the level of transmitted power for the 1800 Hz guard 
tone should be 6 +1 dB below the level of the data power 
in the main channel. The total power transmitted to the line 
should be the same whether or not a guard tone is enabled. 
If a 553.846 Hz guard tone is used, its transmitted power 
should be 3 + 1 dB below the level of the main channel power, 
and again the overall power transmitted to the line should 
remain constant whether or not a guard tone is enabled. The 
device accomplishes this by reducing the main channel 
transmit path gain by .97 dB and 1.76 dB for the cases of 
the 1800 Hz and 553.846 Hz guard tones respectively. 


. DTMF Tones: The R2424 is capable of generating dual tone 


multi-frequency tones. When the transmission of DTMF tones 


— 
Specification are required, the САО and ОТМЕ bits must be set to а 1 (see 
Frequency (Hz 10.0196) Interface Memory). When in this mode, the specific DTMF 
V.22 bis low channel, Originate Mode 1200 tones generated are decided by loading transmit register with 
V.22 low channel, Originate Mode 1200 the appropriate digit as shown in the following table: 
V.22 bis high channel, Answer Mode 2400 
V.22 high channel, Answer Mode 2400 i 
Bell 212A high channel Answer Mode 2400 Interface Memory Signals 
Bell 212A low channel Originate Mode 1200 Dial 
Bell 103/113 Originating Mark 1270 BCD ___| Digits | Tone Pairs 
Вен 103/113 Originating Space 1070 0 0 0 0 0 941 1336 
Вей 103/113 Answer Mark 2225 0 0 0 1 1 697 1209 
Ве! 103/113 Answer Space 2025 0 0 1 0 2 697 1336 
0 0 1 1 3 697 1477 
TONE GENERATION 0 1 0 0 4 770 1209 
0 1 0 1 5 770 1336 
Тһе specifications for tone generation are as follows: 0 1 1 0 6 770 1477 
1. Answer Backtones: Тһе R2424 is capable of generating 0 1 1 1 7 852 1209 
echo disabling tones both of the CCITT and Bell versions, 1 0 0 0 8 852 1336 
as follows: 1 0 0 1 9 852 1477 
а. CCITT: 2100 Hz +15 Hz. 1 0 1 0 * 941 1209 
b. Bell: 2225 Hz +10 Hz. 1210101 1 Spare (B) | 697 1633 
2. Guard Tones: If GTS is low, ап 1800 Hz guard tone fre- | 1 0 9 Зраге (С) 770 1633 
А ; 4 - 1 0 1 Зраге (0) 852 1633 
quency is selected; if GTS if high, a 553.846 Hz tone is 1 1 1 0 # 941 1477 
employed. In accordance with the CCITT V.22 Recommen- 1 1 1 1 Spare (F) 941 1633 
Signaling and Data Rates 
Operating Mode Signaling Rate (Baud) Data Rate 


+— 


(Alternative В) 


V.22 bis: 600 Synchronous/Asynchronous 
2400 bps + 0.01% 
М.22 bis: 600 Synchronous/Asynchronous 
1200 bps +0.01% 
V.22: | 
(Alternative A) 
Mode i 600 1200 bps +0.01% Synchronous 
Mode iii 600 600 bps +0.01% Synchronous 


Mode i 600 1200 bps +0.01% Synchronous 
Mode iii 600 600 bps +0.01% Synchronous 
Mode ii 1200 bps Asynchronous 

8, 9, 10, or 11 Bits Per Character 
Mode iv 600 bps Asynchronous 

8, 9, 10, or 11 Bits Per Character 

Bell 212A: 600 1200 bps +0.01% 
Synchronous/Asynchronous 
0 to 300 0 to 300 bps Asynchronous 
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TONE DETECTION 
The R2424 can detect tones in the 340 to 645 Hz band. 


SIGNALING AND DATA RATES 


The signaling and data rates for the R2424 are defined in the 
table below: 


DATA ENCODING 


The specifications for data encoding are as follows: 

1. 2400 bps (V.22 bis). The transmitted data is divided into 
groups of four consecutive bits (quad bits) forming a 16-point 
signal structure. 

2. 1200 bps (V.22 and Вей 212A). The transmitted data is divided 
into groups of two consecutive bits (dibits) forming a four-point 
signal structure. 

3. 600 bps (V.22). Each bit is encoded as a phase change 
relative to the phase preceding signal elements. 


EQUALIZERS 


The R2424 provides equalization functions which can be used 
to improve performance when operating over poor lines. 


Automatic Adaptive Equalizer—An automatic adaptive 
equalizer is provided in the receiver circuit for V.22 bis, V.22 
and Bell 212A configurations. 


Fixed Compromise Equalizer-—Compromise equalizers аге pro- 
vided in the transmitter and receiver. 


TRANSMITTED DATA SPECTRUM 


1. V.22 bis. The transmitted line signals (excluding the 
characteristics of the fixed comromise equalizer) have a fre- 
quency amplitude spectrum shaped by the square root of 
75 percent raised cosine filter. The group delay of the 
transmitter output is within +100 microseconds over the 
frequency ranges 900 to 1500 Hz (low channel) and 2100 to 
2700 Hz (hgh channel). 

2. V.22. After making allowance for the nomina! specified com- 
promise equalizer characteristic, the transmitted line signal 
has a frequency spectrum shaped by the square root of a 
75 percent raised cosine filter. Similarly, the group delay of 
the transmitter output is within + 100 microseconds over the 
frequency range 800 to 1600 Hz (low channel) and 2000 to 
2800 Hz (high channel). 


SCRAMBLER/DESCRAMBLER 


The R2424 incorporates a self-synchronizing scrambler/ 
descrambler. In accordance with the CCITT V.22 bis, V.22 and 
the Bell 212A recommendations. 


RECEIVED SIGNAL FREQUENCY TOLERANCE 


The receiver circuit of the R2424 can adapt to received frequency 
errors of up 10 +7 Hz with less than a 0.2 dBm degradation in 
BER performance. 
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RECEIVE LEVEL 


The receiver circuit of the R2424 satisfies all specified perform- 
ance requirements for the received line signals from - 12 dBm 
to —45 dBm. Thee received line signal is measured at the receiver 
analog input RXA. 


RECEIVE TIMING 


The R2424 provides a Receive Data Clock (RDCLK) output in 
the form of a (50 + 196 duty cycle) squarewave. The low to high 
transitions of this output coincide with the center of received data 
bits. The timing recovery circuit is capable of tracking a + 0.01% 
frequency error in the associated transmit timing source. 


TRANSMIT LEVEL 


The R2424M output control circuitry contains a variable gain 
buffer which reduces the modem output level. The R2424M can 
be strapped via the host interface memory to accomplish this. 


Transmit Level 


Configuration Word Transmit Level 
000 0 dbm 
001 -2 dbm 
010 -4 dbm 
011 -6 dbm 
100 -8 dbm 
101 -10 dbm 
110 -12 dbm 
111 -14 dbm 


PERMISSIVE/PROGRAMMABLE CONFIGURATIONS 


The R2424M transmit level is set to O dBm to allow a DAA to 
be used. The DAA would then determine the permissive or pro- 
grammable configuration. 


The R2424DC transmit level is strapped in the permissive mode 
so that the maximum output level is —9.5 dBm +0.5 dBm. 


TRANSMIT TIMING 


The R2424 provides a Transmit Data Clock (TDCLK) output with 

the following characteristics: 

1. Frequency. Selected data rate of 2400, 1200 or 600 Hz 
(+ 0.0196). 

2. Duty Cycle. 50 + 19%. 


Transmit Data (TXD) must be stable during the one microsecond 
periods immediately preceding and following the rising edge of 
TDCLK. 


CLAMPING 


The following clamp is provided with the R2424: 
1. Receive Data (RXD). RXD is clamped to a constant mark (1) 
whenever RLSD is off. 


R2424 


USART 
(OPTIONAL) 
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[< ADDRESS Bus (05 
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LINE 
TELEPHONE 


LINE 
INTERFACE 


R2424 Functional Interconnect Diagram 


RECEIVED LINE SIGNAL DETECTOR 


The high and low channel thresholds are greater than - 45 dBm 
(RLSD on) and less than - 48 dBm (RLSD off) for V.22 bis, V.22 
and Bell 212A configurations. 


DATA SET READY 


The on condition of the R2424 output Data Set Ready (DSR) 
indicates that the modem is in the data transfer state. The off 
condition of DSR is an indication that the DTE is to disregard 
all signals appearing on the interchange circuits—except the call- 
ing indicator and the test signal. DSR will switch to the off state 
when in test state. The on condition of DSR indicates the 
following: 


1. The modem is not in the talk state, i.e., an associated 
telephone handset is not in control of the line. 

2. The modem is not in the process of automatically establishing 
a call ма pulse or ОТМЕ dialing. 

3. The modem is generating an answer tone or detecting answer 
tone. 

4. After ring indicate goes on, DSR waits at least two seconds 
before turning on to allow the bell equipment to be engaged. 


DSR will go off 50 msec after DTR goes off or 50 msec plus a 
maximum of 4 sec when SSD is enabled. 


DATA TERMINAL READY 


An on condition of DTR prepares the modem to be connected 
to the communications channel, and maintains the connection 
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established by the DTE (manual answering) or internal 
(automatic answering) means. The off condition places the 
modem in the disconnect state. 


MODES OF OPERATION 


The R2424 is capable of being operated in either a serial or a 
parallel mode of operation. 


SERIAL MODE 


The serial mode uses standard V.24 (RS-232-C compatible) 
signals to transfer channel data. An optional USART device 
(shown in the diagram above) illustrates this capability. 


CONTROL SELECTION 


Selection of either the serial or parallel control is by means of 
bits ([0,1]:0:7). To enable the parallel control, the bits must be 
set to a one. In either mode, the R2424 is configured by the host 
processor via the microprocessor bus. 


INTERFACE CRITERIA 


The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
64-pin DIN connector. Software circuits are assigned to specific 
bits in a 32-byte interface memory. 
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82424 Hardware Supervisory Circuits 


Name Type Pin No. Description 
A. OVERHEAD 
DGND G 5A, 10A, Digital Ground 

3C, 8C 
AGND G 31C, 32C | Analog Ground 
+5 МОС Р 19С, 23C, | +5 Мон Supply 
26С, 30С 

+ 12 МОС Р 15А + 12 Мой Зиррју 
-12 VDC Р 12А – 12 Мой Supply 
РОВ ос 13C Power-On-Reset 
B. MICROPROCESSOR INTERFACE 
D7 B 1C 
D6 B 1A 
05 B 2C 
D4 B 2A Data Bus (8-Bits) 
03 B 3A 
D2 B 4C 
D1 B 4A 
00 B 5C 
RS3 | 6C 
RS2 І бА Register Select (4-Bits) 
RS1 ! 7C 
RSO І ТА 
cso | 10С Chip Select for Bank 0 
csi І 9C Chip Select for Bank 1 
READ [ 12С Read Enable 
WRITE І 11А Write Enable 
IRQ ос 11C Interrupt Request 
C. V.24 INTERFACE 
XTCLK І 22А External Transmit Clock 
TDCLK о 23A Transmit Data Clock 
RDCLK о 21А Receive Data Clock 
CTS о 25C Clear-to-Send 
TXD 1 24С Transmit Data 
RXD о 22С Receive Data 
RLSD о 24A Received Line Signal Detector 
DTR | 21C Data Terminal Ready 
DSR о 20A Data Set Ready 
RI о 18А Ring Indicator іп 
О. ANALOG SIGNALS (R2424M ONLY) 
ВХА І 32А Receive Analog 
TXA о ЗЛА Transmit Analog 
Е. SIGNALS TO DAA (R2424M ONLY) 
RD | 27А Ring Detect 
RCCT о 28A Request Coupler Cut Through 
CCT І 29С Coupler Cut Through 
OH о 29А Off-Hook Relay Control 
Е. ANCILLARY FUNCTIONS 
TBCLK о 27C Transmit Baud Clock 
RBCLK о 26А Receive Baud Clock 
TLK | 28C Talk TLK = Data 
ORG | 16C Originate ORG = Answer 
B Bidirectional 
| Input 
о Output 
OC Open Collector 
P Power 
G Ground 
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HARDWARE SUPERVISORY CIRCUITS 


Signal names and descriptions of the hardware supervisory 
circuits, including the microprocessor interface, are given in the 
following table. The microprocessor interface was designed 
to be compatible with an 8080, 6500, 6800, and 68000 
microprocessor. 


READ 


WRITE 


TCH TCS цы. 
TCH 7, | | 


TCH 
- тен 

WRITE 

4 TWR 
READ 
TDA TDH TWDS 
Di 
(i = 0-7) es 

TWDH 


Microprocessor Interface Timing Diagram 


Critical Timing Requirements 


Characteristic Symbol | Min | Max | Units 

Сі, RSi setup time prior | 

to Read ог Write TCS 30 - NS 
Data Access time after Read TDA - 140 М5 
Data hold time after Read тон 10 50 NS 

! CSi, RSi hold time after i 

Read or Write TCH 10 — NS 
Write data setup time TWDS 75 — NS 
Write data hold time TWDH 10 — NS 
Write strobe pulse width TWR 75 — NS 
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INTERFACE MEMORY 


The R2424 has two banks of 16 registers to which an external 
(host) microprocessor has access. Although these registers are 
within the modem, they may be addressed as part of the host 
processor’s memory space. The host may read data out of or 
write data into these registers. These registers, as shown in the 
following table, are refered to as interface memory. 


When information in these registers is being discussed, the 
format Y:Z:Q is used. The bank is specified by Y (0 or 1), the 
register Бу 2 (0-Е), and the bit by Q (0-7, 0 = LSB). A bit is 
considered to be 'on' when set to a one. 


R2424 Interface Memory 


Reg No. Reg No. 
Bank | (НЕХ) Description Bank (HEX) Description 
о о Do Not Use 1 0 Dial Digit Register 
о 1 Do Not Use 1 1 Do Not Use 
0 2 Diagnostic Data Real LSB’s 1 2 Diagnostic Data Real LSB’s 
0 3 Diagnostic Data Real MSB’s 1 3 Diagnostic Data Real MSB’s 
0 4 Diagnostic Data Imaginary LSB's 1 4 Diagnostic Data Imaginary LSB’s 
0 5 Diagnostic Data Imaginary MSB's 1 5 Diagnostic Data Imaginary MSB's 
о 6 Do Not Use 1 6 Do Not Use 
0 7 Do Not Use 1 7 Do Not Use 
о 8 Receiver Status 1 8 Transmitter Status 
0 9 Receiver Status 1 9 Configuration 
0 A Configuration 1 A Configuration 
0 в Configuration 1 B Configuration 
0 с Configuration 1 с Configuration 
0 D Configuration 1 D Configuration 
о Е Handshake Status 1 Е Handshake Status 
о Е Diagnostic Село! Register 1 F Diagnostic Contro! Register 


The interface memory bits are defined in the following table: 
Interface Memory Definitions 


T Memory 


Name Definition Location Desctiption 
[- T T 
AAE Auto Answer Enable 1:D:4 When on, AAE causes the modem to automatically answer when a ringing signal 
is present on the line. 


AL Analog Loopback (0,1): В:0 When оп, AL places the modem in analog loopback. (See Software Diagnostic 
Circuits.) 


BUS Bus Select (0,1):D:7 When on, BUS places the modem in the parallel contro! mode. When off, the 
modem is configured for the serial contro! mode. BUS can be in either state to 
configure the modem. 


CHAR Character Length Select (0,1): С: (3,4) These bits select either 8, 9, 10, or 11 bit characters. (See Character Length 
table.) 


сва Call Request (0,1):D:6 When on, CRQ places the transmitter in auto dial and the receiver in tone 
detect mode. The data placed in the dial digit buffer is then treated as digits to 
be dialed. After the last digit has been dialed, FF (Hex) should be loaded into 
the buffer to tell the modem to go to the data state. CRQ in the transmitter 
(Bank 1) when turned off causes the modem to go on-hook. Therefore, it should 
be on for the duration of the call and not turned off until it is desired to go on- 
hook. CRQ in the receiver (Bank 0) must be turned off immediately after 
ringback is detected to put the modem in the data mode, otherwise no 
answerback tone will be detected. 


CTS Clear-to-Send 1:8:6 When on, CTS indicates to the terminal equipment that the modem will transmit 
any data which are present at TXD. 


DATA Tatk/Data 1:D:5 When on, DATA places the modem in data state and when off in the talk state. 


DDE! Diai Digit Empty interrupt 1:Е:2 When on, DDE! causes an interrupt to occur when the dial digit register (1:0) is 
empty (ODRE = 1). 


DDRE Diai Digit Register Empty 1:Е:0 When on, DDRE indicates that the dial digit register is empty and can be loaded 


| with new digits to be dialed. After the register is loaded, DDRE goes off. 
— 
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Interface Memory Definitions (Continued) 


Memory 
Name Definition Location Description 

DL Digital Loopback (Manual) (0,1): А:5 When on, DL manually places the modem т digital loopback. (See Software 
Diagnostic Circuits.) 

DLO Data Line Occupied 1:8:7 When оп, DLO indicates that the modem is in auto dial, i.e., СВО is on and 
the modem is off-hook ready to diai. 

DSR Data Set Ready 1:8:5 When on, DSR indicates that the modem hanshake has begun and that the 
data state will follow. DSR alone shouid not be used to indicate that the 
communication channel has been completely established. DSR in conjunction 
with CTS and RLSD will determine this. DSR will be off in all test states 
(except optionally for analog loopback) and when the channel is being used 
for voice communication (talk). 

DSRA Data Set Ready In Analog 1:С:7 When on, DSRA causes DSR to be on during analog loopback. 

Loopback 
DTMF Touch Tones/ 1:B:1 When on, ОТМЕ tells the modem to auto dial using tones. When off the 
Pulse Dialing modem should dial using pulses. 

DTR Data Terminal Ready 1:0:3 ОТВ must be on before the modem will enter the data state, either manually 
or automatically. ОТВ must also be on in order for the modem to automatically 
answer an incoming call. 

ENSI Enable New Status (0,1):Е:6 When оп, ENSI causes an interrupt to occur when the status bits in registers 

Interrupt (0:[8, 9]) and (1:8) are updated. (NEWS = 1) 
ERDL Enable Response to (0,1):А:7 When on, ERDL enables the modem to respond to another modem’s remote 
Remote Digital Loopback digital loopback request, thus going into loopback. 

GTE Guard Tone Enable 1:8:4 When on, GTE causes the specified guard tone to be transrnitted (CCITT 
Configurations only). 

GTS Guard Tone Select 1:B:3 When off, GTS selects the 1800 Hz tone and when on the 550 Hz tone. 

IRQ Interrupt Request (0,1):E:7 When on, IRQ indicates that an interrupt has been generated. 

LCD Enable Loss of Carrier 0:0:2 When оп, LCD causes the тосет to terminate а call when а loss of received 

Disconnect carrier energy is detected after approximately 350 msec. 

MODE Mode Select (0,1): A: (0-3) These bits select the compatibility at which the modem is to operate. (See 
Mode Select table). 

NEWC New Configuration (0,1):Е:3 When оп, NEWC tells the modem that а new configuration has been written 
into the configuration registers. The modem will then read the configuration 
registers and then reset NEWC. NEWC must be set after a new configuration 
has been written into the following registers: (0:[A-D]) and (1:[9-D]). The 
remaining registers do not require the use of NEWC to tell the modem that 
new data was written into them 

NEWS New Status (0,1): Е:5 When оп, NEWS teils the user that there has been a change of status in the 
status registers. 

ORG Originate/Answer 1:9:5 When on, ORG tells the modem that it is originating a са! arid when low 
answering a call. This is only valid in manual originate/answer and anaiog 
loopback. 

RDL Initiate Remote Digital (0,1)::А:6 When оп, RDL causes the modem to initiate a request for the remote modem 

Loopback to go into digital loopback. 
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Interface Memory Definitions (Continued) 


== SI 
Memory 
Name Definition Location Description 
дн 
ври Remote Digital Loopback 0:8:1 When on, RDLI indicates that the modem has received an RDL request and is 
Indicator in remote digital loopback. 
Ri Ring Indicator 1:8:4 When on, RI indicates that a ringing signal is being detected. 
RLSD Received Line Signal 0:8:0 When on, RLSD indicates that the carrier has successfully peen received. 
Detector RLSD will not respond to the 550, 1800, 2100, or 2225 Hz tones. 
RSD Enable Receive Space 0:0:1 When on, RSD causes the modem to go on-hook after receiving approximately 
Disconnect 1.6 seconds of continuous spaces. 

SPEED Speed Indication 0:9:(4,5) 00 = 300 bps 10 = 1200 bps 
01 = 600 bps 11 = 2400 bps 

$$0 Enable Send Зраса 1:D:0 When on, SSD causes the modem to transmit approximately 4 seconds of 

Disconnect spaces before disconnecting, when DTR is turned off. 

ST Seif Test (0,1):А:4 When on, ST activates self test. ST must be turned off to end the test. (See 
Software Diagnostic Circuits.) 

3DB 3 48 Loss to Receive 1:8:2 When on, ЗОВ attenuates the received signal 3dB. This is only used if the 

Signal R2424M will see OdBm or greater line signal at the receiver input. Insertion of 
the 3dB loss wili then prevent saturation. This bit is not needed with the 
R2424DC. 

TONE Tone Detect 0:8:7 TONE follows the energy detected in the 340 to 645 Hz frequency band. The 
user must determine which tone is present on the line by determining the duty 
cycle. TONE is active only when CRQ in Bank 0 is on. 

TXCLK Transmit Clock Select 1:С: (5,6) TXCLK allows the user to designate the origin of the transmitter data clock. 
(See Transmit Clock table.) 


SOFTWARE SUPERVISORY CIRCUITS 


The operation of the R2424 is affected by a number Of software 
control inputs. These inputs are written into registers within the 
modem via a microprocessor bus under external control. Modem 
operation is monitored by various software flags that are read 
from modem registers using the same microprocessor bus. 


The transmit and receive registers contain many bits which per- 
form identical functions and are located in the same memory 
location oniy in different banks. Care must be taken to set these 
bits according to the desired function. 


CONFIGURATION REGISTER 


The host processor configures the R2424 by writing a control 
word into the configuration registers in its interface memory 
Space as shown in the following tables: 


4 


Configuration Configuration Word 
Bell 212A 1200 Sync. 0010 
Bell 212A 1200 Async. 0011 
Bell 212A 300 Async. 0100 
V.22A 1200 Sync. 1000 
V.22B 1200 Async. 1001 
V.22A 600 Sync. 1010 
V.228 600 Async. 1011 
М.22 bis 2400 бупс. 1100 
М.22 bis 2400 Азупс. 1101 
V.22 bis 1200 бупс. 1110 
\.22 bis 1200 Азупс. 1111 


Character Length 


Configuration 


Configuration Word 


8 bits 
9 bits 
10 bits 
11 bits 


оо 


0 1 
10 
11 
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AUTO DIAL SEQUENCE 
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Configuration Configuration. Word The following flow chart defines the auto cial sequence via the 
Internal оо microprocessor interface memory. 
Not Used а 1 
External 10 
Slave dui 
SET DTMF 
Receiver Interface Memory Bank 0 (CSO) 
Г Bit 
7 6 5 4 3 2 1 0 
Register LOAD ПІЛІ. 
0 DIGIT INTO 
- 0.0. REG 
1 
2 Diagnostic Data Real Low 
3 Diagnostic Data Real High 
4 Diagnostic Data Imaginary Low 
5 Diagnostic Data Imaginary High 
|-- 
6 f 
- + | LOAD FF 
7 INTO 
8 TONE RDLI | RLSD D.D. REG. 
+. ai L 4 
9 Speed 
А [ERDL| ROL | 0% | 57 | Mode 
B AL | 
+ 
с | 4 СНАН | Auto Dial Sequence Flow Diagram 
D BUS | CRQ | LCD | RSD 
E во | ENSI [NEWS NEWC Note: The modem timing for the auto dialer accounts for inter- 
4 digit delay for pulses and tones. 
F Diagnostic Control Register 
DIAGNOSTIC CAPABILITIES 
The R2424 provides the user with access to much of the data 
Transmitter Interface Memory Bank 1 (CSI) stored in the modems memories. This data is a useful tool in 
Bit performing certain diagnostic functions. 
EOE Па SEO Е: RAM ACCESS CODES 
Register 
TERM с Тһе RAM access codes defined in the table below allow the host 
0 Dial Digit Regist p я 7 
H L ICH ee. processor to read diagnostic data from the modem receiver. The 
1 access codes should be loaded into the diagnostic control 
2 Diagnostic Data Real Low register (0:F). The appropriate diagnostic data will then be 
3 m Diagnostic Data Real High available in the diagnostic data registers (0:[2-5]). 
(ЕРЕ. | ше ДЕ Data Imaginary Low RAM Access Codes Bank 0 
5 | Diagnostic Data Imaginary High Function Access | Data Type 
6 | Scrambled Data (Imag. Reg.) 1 00 1 Real 
7 Self Test Error Counter (Real Reg.) 00 Real 
8 DLO | cts Гоѕв | RI B Equalizer Tap Coefticients 01-09 | Complex 
өлімі Phase Error (Real Reg.) ос Real 
9 ORG | Rotated Equalizer Output OD | Complex 
Ж А EN RDL | DL ST Mode | У ee Point S eran 
otated Angle (Imag. Reg.) ОЕ Real 
B = TX LEVEL GTE | GTS [ 208 ОТМЕ | AL Low Pass Filter Output 40 Complex 
с DsRA| TXCLK CHAR Input Signal to Equalizer Tap Coefficients 41-49 | Complex 
D BUS | CRO [ DATA AAE | DTR SSD Decision Points (Ideal) 4D Complex 
ы | Rotated Error 4Е Complex 
E IRQ | ЕМБІ [NEWS NEWC| DDE! | DDRE| Equalizer Output 4F | Complex 
F Diagnostic Control Register Demodulator Output 5? Complex 
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TEST 


The specifications for R2424 tests are defined as follows: 


Self tests сап be initiated by setting bits ([0,1]:A:4) to a 1. It 
is possible to perform the tests with or without the DTE con- 
nected to the modem. During any self test TXD and RTS are 
ignored. Note that self tests do not test asynchronous-to- 
synchronous converter circuits in either the transmitter or 
receiver. 


Error detection is accomplished by monitoring a counter in the 
RAM. If the counter increments during the self test, an error was 
made. The counter contents are available in the diagnostic 
registers when the RAM access code 00 is loaded in the 
diagnostic control register (0: Ғ). 


Self test end-to-end—Upon activation of self-test an internally 
generated data pattern of alternate binary ones and zeros 
(reversals) at the selected bit rate are applied to the scrambler. 
An error detector, capable of identifying errors in a stream of 
reversals are connected to the output of the descrambler. 


Self test with loop 3—Loop 3 is applied to the modem as 
defined in recommendation V.54. Self-test is activated and DCE 
operation is as in the end-to-end test. In this test DTR is ignored. 


Self test with loop 2—The modem is conditioned to instigate 
aloop 2 at the remote modem as specified in recommendation 
V.54. Self-test is activated and DCE operation is as in the end- 
to-end test. 


Loopbacks—Remote digital loopback, digital loopback, and 
local analog loopback can be initiated via the interface memory, 
as follows: 


1. Digital Loopback. The R2424 can be manually conditioned 
to loop the received data back to the transmitter by setting 


the DL bits ([0,1]:А:5). DL should be set during the data 
mode. DSR and CTS will be off. The local modem can then 
be tested from the far-end by using the terminal equipment 
at the far-end to transmit a test pattern and examine the 
looped data. At the far-end modem, all interface circuits 
behave normally as in the data mode. At the conclusion of 
the test, DL must be turned off. The local modem will then 
return to the normal data mode with control reverting the 
DTE's DTR. 

2. Local Analog Loopback (V.54 Loop 3). The R2424 is capable 
of entering into a local analog loopback (V.54 Loop 3). In this 
loop, the transmitter’s analog output is coupled to the 
receiver's analog input at a point near the modem's telephone 
line interface. An attenuator is introduced into the loop such 
that the signal level coupled into the receive path is approx- 
imately — 16 dBm attenuation. 

3. Remote Digital Loopback (V.54 Loop 2) (Bell 212A and CCITT 
V.22 bis and V.22). The R2424 is capable of entering into a 
remote digital loopback. Remote digital loopback may be 
locally entered by the interface memory. Remote digital loop- 
back cannot be performed simultaneously with local analog 
loopback. 


POWER-ON INITIALIZATION 


When power is applied to the R2424, a period of 100 to 300 ms 
is required for initialization. The power-on-reset (POR) signal 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to be configured. 


The modem automatically defaults to V.22 bis 2400 bps, answer 
state using serial start-stop data, 10 bits per character. 


POR can also be used to initialize the user's host processor. 
It may be connected to a user supplied power-on-reset signal 
in a wire-or configuration. 


NOISE 
SOURCE 
GR1381 
50 KHZ BW 


LINE IMPAIRMENT 


SIMULATOR SOURCE 
BRADLEY 2A 


ENGINEERING 
MODEM 
CONSOLE 


Signai and noise are measured with 3 kHz flat weighting. 


LEVEL 
ATTENUATOR METER 


HP 350D HP 3552A 


ATTENUATOR MODEM 
HP 350D RECEIVER 


ENGINEERING 
MODEM 
CONSOLE 


BER Performance Test Set-up 


R2424 


PERFORMANCE 


Whether functioning as a V.22 bis, V.22, or Bell 212A type 
modem, and regardless of simulated line condition or introduced 
line impairment, the R2424 provides unexcelled high perform- 
ance to the user. 


BIT ERROR RATES 


The Bit Error Rate (BER) performance of the R2424 is specified 
for a test configuration conforming to that specified in CCITT 
Recommendation V.56, except with regard to the placement of 
the filter used to bandlimit the white noise source. Bit error rates 
are measured at a received line signal level of – 43 dBm. 


INTERFACE CIRCUIT CHARACTERISTICS 
DIGITAL INTERFACE CIRCUITS 


Digital Input Characteristics 


Input Logic State Allowed Input Voltage Levels 


0.0V to +0.8V at -2.5 „А 
+2.0V to +5.0V at +2.5 „А 


Low 
High 


Notes: 

1. The digital inputs are directly TTL/CMOS compatible. The 
capactive loading on each input is 25 pF (maximum). 

2. Positive current is defined as current into the node. 


Digital Output Characteristics 


Output Logic State Allowed Output Voltage Levels 


* 0.4V at + 1.6 mA 
+ 2.4V at – 100 pA 


Low 
High 


Notes: 

1. The digital outputs are directly TTL/CMOS compatible. 
The capactive loading on each output is 50 pF (maximum). 

2. Positive current is defined as current into the node. 


ANALOG INTERFACE CIRCUITS 


TRANSMISSION LINE INTERFACE 


The R2424DC interface to the telephone line is the Tip and Ring 
leads. Lightning induced surge voltages and other hazardous 
voltages which may appear on the telephone line are limited to 
approximately 7V peak between the secondary leads of the line 
coupling transformer. 


The DAA (R2424DC only) is bi-directional as required by 2-wire 
full-duplex circuits. 
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Connection to the telephone line interface pins of the R2424DC 
to the network are made via the RJ11, as shown in the table 
below: 


R2424DC Network Intertace 


Connection Type Telco Mnemonic Function 
1 
VSOC 2 
RJ11 3 R Ring-one side of 
telephone line 
Jack 4 T Tip-one side of 
telephone line 
5 
6 


RING INDICATOR 


The R2424 provides а ring indicator (RI) output; its low state 
indicates the presence of a ring signal on the line. The low 
condition appears approximately coincident with the on segment 
of the ring cycle (during rings) on the communication channel. 
(The ring signal cycle is typically two seconds on, four seconds 
off.) The high condition of the indicator output is maintained 
during the off segment of the ring cycle (between rings) and at 
all other times when ringing is being received. The operation 
of Rl is not disabled by an off condition on Data Terminal Ready. 


RI will respond to ring signals in the frequency range of 15.3 Hz 
to 68 Hz with voltage amplitude levels of 40 то 150 Vrms (applied 
across Tip and Ring), with the response times given in the follow- 
ing table: 


RI Response Time 


RI Transition | 


Off-to-On 
On-to-Off 


Response Time 


125 ms to 400 ms 
75 mis to 250 ms 


This off-to-on (on-to-off) response time is defined as the time 
interval between the sudden connection (removal) of the ring 
signal across Tip and Ring and the зибзесиеп! on (off) transi- 
tion НІ. 


OH (OFF-HOOK) 


The R2424M provides an output OH (Off-Hook) which indicates 
the state of the OH relay. A low condition on OH implies the OH 
relay is closed and the modem is connected to the telephone 
line. A high condition on OH implies the OH relay is open (ї.е., 
the modem is on-hook). The delay between the low-to-high or 
high-to-low transition of OH and the subsequent close-to-open 
or open-to-close transition of the OH relay is 8 ms maximum. 
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RD 


RD indicates to the R2424M by an on (low) condition that a 
ringing signal is present. The RD signal should not respond to 
momentary bursts of ringing less than 125 ms in duration, or 
to less than 40V rms, 15 to 68 Hz appearing across Tip and Ring 
with respect to ground. 


RCCT 


RCCT is used to request that a data transmission path through 
the DAA be connected to the telephone line. When RCCT goes 
off (low), the cut-through buffers are disabled and CCT should 
go off (high) within 1 msec. RCCT should be off during dialing 
but on for tone address signaling. 


сст 
Anon (low) signal to the CCT lead indicates to the R2424M that 
the data transmission path through the DAA is connected. 


AUDIO INTERFACE INPUT IMPEDANCE 


The specifications for the audio interface input impedance are 
given in the following table: 


Audio Interface input impedance 
On/Off Hook 
On-Hook (DC) 


Measurement 


The DC resistance between Tip and 
Ring, and between either Tip or Ring 
and signal ground is greater than 

10 megohms for DC voltages up to 
100 volts. 


The on-hook AC impedance measured 
between Tip and Ring is less than 
40K ohms (15.3 Hz minimum). 


Less than 200 ohms. 


On-Hook (AC) 


Off-Hook (DC) 
Off-Hook (AC) 


600 ohms nominal when measured 
between Tip and Ring. 


TRANSMITTER OUTPUT 


Basic telephone company requirement is that the signal level 
received at the relevant local central office not exceed - 12 dBm. 
Several different "connection arrangements" have been 
established (as documented in Part 68) to accomplish this goal. 


When the permissive connection arrangement is used, the 
transmit output signal level appearing across Tip and Ring (with 
a 600 ohm resistive load across Tip and Ring) will not exceed 
—9 dBm. The output level is set at a fixed — 10 dBm (nominal). 
The permissive wall jacks used for data connections are the 
same jacks used for standard voice installations. The permissive 
connection arrangement allows greater mobility for user 
equipment. 
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When the programmable connection arrangement is used, the 
maximum output transmit signal level allowed to appear across 
the Tip and Ring (again, terminated with 600 ohms) is set by 
a resistor installed by the telephone company in their wall jack 
at the customer location. The resistor (which is one of thirteen 
possible values) interacts with the modem through modem leads 
PR and PC to program the maximum output level, in one dB 
steps between – 12 dBm and 0 dBm. (The resistor is selected 
by the telephone company jack installer after he has measured 
the line loss from the customer location to the local telephone 
company central office). 


INSTALLATION 


IMPORTANT NOTICE TO USER 


The modem contains protective circuitry registered with the 
Federal Communications Commission (FCC) Part 68 to allow 
direct connection to the switched telephone network. To com- 
ply with the FCC regulations the following is required: 


1. All direct connections to the telephone lines shall be made 
through standard plugs and telephone company provided 
jacks. 

2. It is prohibited to connect the modem to pay telephones ог 
party lines. 

3. You are required to notify the local telephone company prior 
to the connection and upon final disconnection of the modem. 
You must supply to the telephone company the make, model 
number, FCC registration number, ringer equivalence and 
particular line to which the connection is to be made. If the 
proper jacks are not available, you must order the type of 
jacks to be used from the telephone company. 

4. You should disconnect the modem from the telephone line 
if it appears to be malfunctioning. Reconnect it only when 
it can be determined that the telephone line is the source of 
trouble. If the modem needs repair, return it to Rockwell Inter- 
national. This applies to equipment both in and out of war- 
ranty. Do not attempt to repair the unit as this will violate FCC 
rules. 

5. The modem contains protective circuitry to prevent harmful 
voltages from being transmitted to the telephone network. 
If however such harmful voltages do occur, then the telephone 
company shall: 

* Promptly notify you of the discontinuance. 

¢ Afford you the opportunity to correct the situation which 
caused the discontinuance. 

The FCC requires that the following label be prominently 

displayed on an outside surface of the OEM’s end product. 

e Unit contains Registered Protective Circuitry which 
complies with Part 68 of FCC Rules. 

• FCC Registration Number: Applied For 

• Ringer Equivalence: 0.5 

Size of the label should be such that all the required infor- 

mation is legible without magnification. 
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GENERAL SPECIFICATIONS 


Power Requirements 


Voltage* Toferance Current (Max) 
+5 Vde +5% <500 ma 

+ 12 Мас +5% < 10 та 

– 12 Мас + 5% < 50 та 


“All voltages must have ripple =0.1 volts peak-to-peak. 


Environmental 
Parameter Specification 
Temperature: 
Operating 0°C to + 60°С (32 to 140°F) 
Storage* – 40°C to +80°С (— 40 to 176°F) 
Relative Humidity: Up to 9096 noncondensing, or a wet 
bulb temperature up to 35°С, 
whichever is less. 
Altitude: -200 to + 10,000 feet 
| “PCB's are stored in heat sealed antistatic bags and shipping 
containers. 
Mechanical 
Board Structure: Single PC board with right angle 
male DIN connector. 
Mating Connector: Female 3 row 64 pin Euroconnector 


(DIN) with rows A and C populated. 
Recommended mating connector: 
Winchester 965-6043-0531-1 or 


equivalent. 
PCB Dimensions: 

DC Version Width 3.94 in. (100 mm) x Length 
4.725 in. (120 mm) x Height 0.75 
in. (19 mm) 

M Version Width 3.94 in. (100 mm) x Length 
3.35 in. (85 mm) x Height 0.40 in. 
(10 mm) 

; Weight Less than 0.45 Ibs. (0.20 kg.) 
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.156 4.003 
DIAMETER 
4 PLACES 


MALE 64-РІМ 


-483 


DIN CONNECTOR 


3.937 
3.700 


R2424DC 


.119 


_ c 


[———2.725 
4.100 | 


Inches MM 

119 3 

156 4 

483 12 

2.725 69 

3.346 85 

3.700 94 

-483| 3.937 100 
4.100 104 

4.725 120 


г 
М 


4.725 


.156 +.003 
DIAMETER 
6 PLACES 

MALE 64-РІМ 

DIN CONNECTOR 


Printed Circuit Board Dimensions 
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INTRODUCTION 


The Rockwell R24DC is a high performance synchronous serial 
2400 bps DPSK modem. Extensively utilizing MOS/LSI technol- 
ogy with registered protective circuitry, the R24DC is ideally 
suitable for direct connection to the domestic switched network 
or two-wire private lines. Performance and versatility are enhanced 
while cost and size are reduced by the on-board Rockwell 
PPS-4/1 One Chip Microcomputer 


Having Bell 201C and CCITT V.26 bis compatibility, the R24DC 
offers the user a high performance 2400 bps rnodem that is FCC 
registered for direct connection to the dial-up network. No 
re-registration of OEM equipment is required when the simple 
installation instructions, supplied with the R24DC, are followed. 
OEM's can easily incorporate this single (5” x 8") card into their 
computer terminals, communication networks, PABX equipment, 
data concentrators, stand-alone box modems or almost any 
application where reliable data communication is required. 


| 


E А 
D 


2400 BPS DIRECT CONNECT MODEM 


| PREM 


R24DC 


Integral Modems 


R24DC 


FEATURES 


* High Performance; Low Cost 

* LSI High Density; Low Power 

* Microcomputer Controlled Line Connect/Disconnect Sequence; 
Low Component Count 

Bell 201 C, CCITT V.26 bis Compatible 

Half Duplex (2-Wire) Operating Mode 

2400 BPS Data Rate 

Auto or Manual Answer 

Auto or Manual Dial Through (Pulse Dialing) 

Automatic Answer Back Tone Generation upon Auto Answer 
Direct Connect to Switched Network 

Programmable or Permissive Connection Arrangement 
Local Analog Loopback Test Mode 

Compromise Equalizer (Strap Selectable) 
Scrambler/Descrambler Facility (Selectable) 

Line Current Sensing (Selectable) 

DTE Interface LSTTL/CMOS Compatible Levels. RS-232-C 
Functions 

External Transmit Data Clock Tracking 

Power Requirements, + 12V, +5V 

Typical Power Consumption 3 Watts 

Diagnostic Outputs Available for Eye Pattern and Data Quality 
Monitor 

* 15 Second Abort Timer (Selectable) 


[e 


R24DC Modem 


D iD DP [JO LA») 


Document No. 29200N02 


Data Sheet Order No. М002 
Rev. 1, August 1983 
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FUNCTIONAL SPECIFICATIONS 


RING |а 
[ ОЕТЕСТОН 


т 


ee 


REC 
FILTER 


хмт 
OUTPUT 
FILTER 


DETECTION 
CIRCUITRY OUTPUT 
LEVEL 
CONTROL 
NETWORK DEVICE 


MOS/LS! 


(11042) 


PPS 4/1 


COMPROMISE 


|| EQUALIZER == 
EOIN 
CARRIER 
DETECT 
CKTRY 
а 
GIVIDER 


TRANSMITTER 


20997. 


ANALOG 


VOLTAGE 
REF 


RECEIVER 


REC 
Osc 
DIVIDER 


DEVICE 
MOS/LS! 
(11043) 


| 


DECISION 
DEVICE 
MOS/LS! 


DIAGNOSTICS 
A 
БҮС 
RCVDS 


DCP 
РЕ 


(11044) 


POANMZZON торпат=а— тгохотет= 


MICRO. 
PROCESSOR 
DEVICE 
(47552) 


DTE INTERFACE CONNECTOR 


R24DC Functional Block Diagram 


Transmitter Carrier Frequency — 1800 Hz + 0.01% 


Echo Suppression and Answering Tone Frequencies — 
2100 Hz +0.01% or 2025 Hz x 0.0195. 


Received Signal Frequency Tolerance — The receiver can 
adapt to received frequency errors up to + 10 Hz with less than 
a 0.5 dB degradation in bit error rate. 


Data Signaling and Modulation Rate — The normal signaling 
rate is 1200 baud + 0.01%, and a data rate of 2400 bps + 0.01%. 
The fallback signaling rate is 1200 baud x 0.0196, and a data 
rate of 1200 bps + 0.01%. 


Transmitted Data Spectrum — The transmitted spectrum's 
bandwidth extends from 800 Hz to 2800 Hz. Phase distortion 
characteristics are within the limits specified in CCITT Recom- 
mendation V.26 bis. The out of band signal power limitations 
meet those specified by Part 68 or Tariff 261 of the FCC's regula- 
tions, and typically exceed the requirements of international 
regulatory bodies as well. 


Data Encoding (DPSK) — At 2400 bps, differential 4-phase 
modulation is employed. The data stream to be transmitted is 


2400 BPS 
PHASE CHANGE 
V .26B/Bell 201 
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divided into pairs of consecutive bits (dibits). Each dibit is 
encoded as a phase change relative to the phase of the immedi- 
ately preceding signal element. Two alternative arrangements 
of coding are possible (in accordance with CCITT Recommen- 
dations V.26 and V.26 bis) as shown in the following chart. 


о о о 

ALTERNATIVE А %90 +270 +180 
о о о о 

ALTERNATIVE В | bu *225 *315 


АРА А 
Reference Line Signal Diagram (У.26 A&B) 


At 1200 bps, differential 2-phase modulation is employed. Each 
bit to be transmitted is encoded as a phase change relative to 
the phase of the immediately preceding signal element. The 
encoding is in accordance with CCITT Recommendation V.26 
bis as shown in the following chart. 


т 


1200 BPS 
BIT PHASE CHANGE 
0 +90° 
1 +270° 


Turn On Sequences — A total of six selectable turn on 
sequences can be generated by the transmitter of the R24DC, 
as shown in the following chart. 


R24DC 


2400 bps Direct Connect Modem 


TYPE OF TOTAL OF 
LINE SEGMENTS 
SIGNAL SEGMENT 1 SEGMENT 2 1,2 
NOMINAL 
TOTAL 
TURN-ON CONTINUOUS CONTINUOUS TURN ON 
SEQUENCE UNSCRAMBLED SCRAMBLED! SEQUENCE 
NUMBER ONES ONES TIME2 COMMENTS 
90 ms О ms 90 ms V .26, У.26 bis 
8.33 ms 81.67 ms 90 ms (scrambler inserted) 
148.3 ms 0 ms 148.3 ms Bell 201C 
8.33 ms 140 ms 148.3 ms {scrambler inserted) 
220 ms 0 ms 220 ms V.26 bis 
8.33 ms 211.7 ms 220 ms (scrambler inserted) 


aL. 


for the remainder of the turn-on sequence. 


As is evident from the above for those turn-on sequences for which the scrambler is inserted, the transmitted line signal corresponds to a 
continuous “опе”, unscrambled, for 8.33 ms-ten baud (symbol) intervals — followed by the transmission of a continuous "one", scrambled, 


Turn Off Sequence — When the R24DC transmitter has been 
sending data and Request-to-Send is turned off, any remaining 
data bit information is transmitted within 6 milliseconds. 


Response Times of Clear-to-Send — The Clear-to-Send 
response times are determined by the selected configuration 
of the R24DC and its associated turn-on sequence, as shown 
in the following chart. 


CLEAR-TO-SEND 
RESPONSE TIMES! 


OFF-TO-ON | ON-TO-OFF 


| TURN-ON 
SEQUENCE 
NUMBER 


COMMENTS 


1 90 ms М.26 bis 

2 90 ms V.26 bis w/scrambler 
3 148.3 ms Beit 201C 

4 148.3 ms Bell 201C w/scrambler 
5 220 ms V.26 bis 

6 220 ms М.26 bis w/scrambler 


The tolerance on each Off-to-On and On-to-Off response time is 
(+3.4, -0.1) ms. 
Scrambler/Descrambler — The R24DC incorporates а seif- 
synchronizing scrambler/descrambler. This feature is enabled 
by a discrete digital input. 


Carrier Detection — The receiver circuit of the R24DC contains 
a received line signal detector which indicates the presence of 
energy at the receiver input above a certain threshold for a mini- 
mum amount of time. 


Carrier Detect Thresholds 


Received Level Carrier Detect 


Greater than -43 dBm 
Less than -48 dBm 


On (Line signal present) 
Off (Line signal not present) 


Carrier Detect Response Tirne 


Carrier Detect Transition Response Time 


Off-to-On 
On-to-Off 
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Clamping — The following clamps are provided: 


1. Received Data. The Received Data output is clamped to 
a mark when Carrier Detect is off. This action prevents 
disturbances on the line from getting through the receiver 
circuit to the data output. 


. Carrier Detect Clamp. The Carrier Detect output is clamped 
off (squelched) during the time when Request-to-Send is on. 
An option extends this clamp for 148 ms beyond transitioning 
off; thus providing echo protection. 


. Receive Clock Clamp. The Receive Clock output is clamped 
off when Carrier Detect is off. This action prevents any disturb- 
ances from propagating through the receiver circuit to the 
receive clock output. 


Equalizer — The R24DC contains a fixed compromise delay 
equalizer, which can be used to improve performance over the 
domestic switched network. The equalizer may optionally be 
positioned in the receiver, or removed entirely, by means of a 
jumper plug. The equalizer has a nominally flat 0.0 dB amplitude 
response. 


Test Pattern Generation — The scrambler/descrambler func- 
tion can be used to implement a 127-bit test pattern feature. For 
example, a constant mark input could be scrambled and trans- 
mitted as a pseudo-random signal to be descrambled at the 
receiver back to the constant mark. A transmission error моша 
be represented as a space for the duration of an incorrect bit. 


Receive Level — The R24DC receives line signals from 0 to 
-43 dBm. 


Transmit Timing — The R24DC generates a Transmit Clock 
having the following characteristics: Frequency — 2400 Hz 
+ 0.01% (1200 Hz + 0.0196 in fallback mode), duty cycle — 50 
+1%. The R24DC is also optionally capable of tracking an 
External Transmit Clock supplied by the user. Both have similar 
characteristics. 


Receive Timing — The modem provides a data derived Receive 
Clock output in the form of a nominal squarewave (50 + 1% duty 
cycle). The modem timing recovery function is capable of track- 
ing a + 0.0196 frequency error in the associated transmit timing 
Source. 


R24DC 


2400 bps Direct Connect Modem 


Transmit Level — The R24DC transmitted output line signal 
level may be regulated in either the permissive or programmable 
modes. In the permissive mode, the transmitted line signal level 
is -9 dBm maximum. In the programmable mode, the transmitted 
line signal level is set by an external resistor installed by the 
telephone company in the wall jack. Using this method, the trans- 
mitted line signal level can be controlled in increments of 1 dBm 
from 0.0 to -12 dBm, depending on the value of resistance 
installed. 


Answering Tone Generation — When in the automatic answer- 
ing mode, the R24DC generates a selectable answering tone 
of 2100 Hz +0.01% or 2025 Hz 4 0.0196. It is also capable of 
optionally providing this tone when in the manual answer mode. 


Answering Tone Frequency 


INPUT 
SELECT 1 
(P1-34) 


ANSWERING TONE 
FREQUENCY 


2100 Hz 
2025 Hz 


Satellite Option and DSR Selection 


DSR (P1-30) 
During Analog 
Loopback 


AL-DSR Enable 
(P1-12) 


Satellite 
Option 


OFF (High) High 

ON (Low) Low 

ON Low) Wired to Analog Loopback 
OFF (High) | Wired to Analog Loopback 1. 


1. Inverse of Signal applied to Analog Loopback Input. 


Baud Clocks — Symbol or baud timing is available for both the 
transmitter and receiver functions. These signals have character- 
istics similar to the data clocks except that their frequency is 
equal to the signalling rate of 1200 Hz + 0.0196. 


Analog Loopback — The R24DC can be locally commanded 
into local analog loopback (CCITT Loop 3) via digital input Analog 
Loopback, when in the wait mode. 


Data Structure 


DATA 
SIGNALLING 
RATE 
SELECTOR 
(P1-16) 


V.26 А/В 


(P1-14) DATA STRUCTURE 


Low 2400 bps Alternate A 


High 2400 bps V.26 Alternate B 
(Bell 201C) 


Low or High 1200 bps 


Abort Timer — The R24DC contains a 15 + 1 second abort timer, 
which may be enabled via the Abort Enable input. 


Line Current Interrupt Disconnect — The R24DC contains а 
475 +125 ms line current interrupt abort timer, which may be 
enabled via the LCIS Enable input. 


The digital interchange circuits provide control, status indicators, 
data clocks and data interface. Traditional RS232-type control 
functions and additional signals allow the user to access the 
inherent flexibility and monitoring capabilities of the R24DC. 


Carrier Detect Squelch 


INPUTS 


ANALOG 
LOOPBACK 
(P1-33) 


REQUEST- 
TO-SEND 
(P1-11) 


SELECT 2 


(P1-35) SQUELCH STATUS! 


Low or High No Squelch 


Low or High 


Low Squelch 


Low or High 


2 


High Low —> High | Extended Squelch 


Low Low-*> High | No Extended Squelch 


"Squelch'' means that Carrier Detect is clamped off (high) regard- 
less of the level of received line signal. When "extended squelch” 
is enabled, squelch occurs both during the time when Request- 
to-Send is on (low) and for 148.3 ms (43.4, -0.1 ms) following 
the On-to-Off transition of Request-to-Send. 


Selection Of Clear-To-Send Response Times 


INPUTS 


SCRAMBLER 
ENABLE 
(P1-15) 


TURN-ON 
SEQUENCE 


SELECT 1 
(Р1-34) 


CLEAR-TO-SEND 
RESPONSE TIMET 


(ms) 
SELECT 2 
(Р1.35) 


OFF-TO-ON ON-TO-OFF 


Low 
Low 
Low or High 
Low or High 
High 
High 


The tolerance on each Off-to-On and On-to-Off response is (-3.4, -0.1 ms). 
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OPERATING MODES 


Line connect and disconnect sequences are controlled automati- 
cally by the R24DC which is at ай times in one of the following 
modes: 


Wait Mode — This is a hot-standby mode. The R24DC enters 
this mode upon a power-up, Reset, or whenever an operational 
mode is exited. The following diagrams illustrate the sequence 
of events for the Wait mode. 


POWER UP 


INITIALIZE 
OH - HIGH 
DATA SET READY HIGH 
SDUELCH ACTIVATED 
RESET ABORT TIMER 


DISABLE REQUEST TD SEND 


ANALOG 
LDOPBACK 
Low? 


ANALOG 
LOOPBACK 


18 
TERMINAL 
REAOY 
LOWT 


MANUAL 
ANSWER 


Wait Mode Flow Diagram 


Analog Loopback Mode — This mode provides the capability 
of diagnosing a problem in the communications link. In this 
mode, the transmitter's analog output is connected to the 
receiver's analog input through an attenuator. 


Manual Originate Mode — This mode provides the capability 
of manual call origination. Calls may be originated in the usual 
manner by a telephone set. Signal sequence for this mode is 
shown in the following diagram. 


TERMINAL 
READY 


MODEM MANDSET 


өн 


MODEM | 


m 
X 


DFF ом 


ТОМЕ 
GENEAATION 


DATASET 
READY 


Manual Originate Mode Sequence 


Automatic Call Mode — This mode provides the capability 
of automatically originating calls by using the pulse dialing 
technique. 


The R24DC allows the user to auto dial by controlling inputs 
DTR, C.O.P. and DP. To originate a call, DTR and C.O.P. must 
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be on. Then DP (normally off) is pulsed at a rate of 9.5 51.5 
pulses per second. 


The pulse requirement is a uniform train w th break intervals at 
58% to 64%. 


The тега у time (і.е., the time between the end of the last pulse 
of a given digit and the beginning of the first pulse of a subse- 
quent digit) should be between 700 ms and 3 seconds. 


C.O.P. is turned off after the called modem answers. Signal 
sequence for this mode is shown in the following diagram. 


Ec 


г. 


OFF 


А ом HOOK 
MOOEM | 


ON HDOK 


MODEM 
9 


ЕЗ 


ANSWERING 
TONE 


Automatic Call Mode Sequence 


Manual Answer Mode — This mode provides the capability of 
manually answering calls with a telephone set. Signal sequence 
for this mode is shown in the following diagram. 


Е 


MODEN 


ОАТА SET 
READY 


OFF-HOOK 


Eoi =й 


Manual Answer Mode ED MET 


ом нок Ч ом No. 


ANSWERING 
TONE 
GENERATION pep tese 
UF ENABLEO 
ay ABT 
ENABLE) 


Automatic Answer Mode — This mode provides the capability 
of automatically answering calls. Signal sequence for this mode 
is shown in the following diagram. 


DATA 
TERMINAL 


BAM. ан 
SETTE nis OFF 
5% 
2560 t specie -28EC 
"nns | 1 " 
DFF / 
IF АВТ ENABLE 
peste sec ts Low 
ANSWERING Ел \ 
GENERATION | | Yu 
on ТЕ ирок! Ышш 
4 : i 
p vo H- \ 4 
SET READY LA 
Е к: 
морем \ | мошм 


HANDSET 


57 = 275 ms if satellite option js selected 
= 65 ms if satellite option is not selected 


Automatic Answer Mode Sequence 
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INTERFACE CRITERIA 


The R24DC interface signals are classified as digital interchange 
signals and analog signals. These signals interface to the user 
through the board edge connector. 


Digital Interchange Circuits — The characteristics of the 
R24DC digital inputs and outputs are given in the following 
charts. 


Digital input Characteristics 


Allowed Input Voltage Levels 


Input Logic State 


0.0V то 0.8У sinking «10 WA 
+4,0V (VSS - 1V) to +5.0V (VSS) 
sourcing <10 uA 


High 


The digital inputs are directly CMOS compatible. The 
capacitive loading on each input is 25 pF (maximum). 


Digital Output Characteristics 


Allowed Output Voltage Levels 


0.0У to 0.4V sinking 0.36 MA 
4.0V (VSS - 1V) to 5.0V (VSS) 
sourcing 100 МА 


Quput Logic State 


Low 
High 


The digital outputs are directly CMOS or low-power Schottky 
TTL compatible. 


DIGITAL OUTPUT CHARACTERISTICS 
(EXCEPTIONS) 


The exceptions to the above are outputs OH, RI, SH and A. Out- 
puts OH, RI and SH have the following characteristics: 


Output Logic State Allowed Output Voltage Levels 


0.0V to 0.4V sinking 0.36 mA 


High 24V to 5.0У (VSS) sourcing 100 мА 


Output A, useful in the generation of eye pattern and diagnostic 
information, switches from +5.0V to -12.0V. 


Audio interface input Impedance 


Parameter Specification 


On-Hook DC DC resistance between Tip and Ring, and 
between either Tip or Ring and signal 
ground is greater than 10 megohms for 


DC voltages up to 100 volts. 


On-hook AC impedance measured 
between Tip and Ring is less than 40 K 
ohms (15.3 Hz minimum) 


On-Hook AC 


Off-Hook DC Less than 200 ohms 


Off-Hook AC 600 ohms nominal when measured 


between Tip and Ring 


Longitudinal Meets requirements of FCC Rules, 
Balance Part 68 


FCC Registration Number: AMQ9SQ0-68813-DM-R 
Ringer Equivalence: 0.98 


Analog interface Circuits — The analog interface circuits 
defined in the following charts provide power and switched net- 
work connections and a means for the user to monitor the incom- 
ing line signals. 


Analog Interface Circuits 


PIN 
TERM NUMBER DESCRIPTION 


*12V P1-40 
-12\ 
*5V 
COMMON 


*12V Power Supply 


-12V Power Supply 


*5V Power Supply 


Ground (signal and power return) 


Receiver Low impedance output of R24DC 
Analog receive filter. Gain from Tip and 
Ring to Receiver Analog is nom- 
inally 12.7 dB 


TELEPHONE INTERFACE 
LEADS 


Telephone Line Leads 


TIP P2.9 
RING P2-10 


PR Р2-2 Leads to external wall jack resistor 


for programmable mode 


Leads routed to contact on exclu- 
sion key of associated telephone 
set 


** DIAL PULSE 
GENERATION AND 
ТОМЕ DETECTION 
CIRCUITRY 


RECEIVED ANALDG 
DIAL PULSE 


ТХ DATA CLK 


ee 
Ен елге ТАРАТА 
ЕН ан ЈАМА 


DATA SIGNALLING 
RATE SET 


TELEPHONE 
INTERFACE LEADS 


CONFIGURATION 
POWER «ту CONTROLS МАУ 
SUPPLY 190. SCRAMBLER BE STRAPPED HIGH 
ENABLE DR LOW AS DESIRED 
ABDRT 
ANALDG ENABLE 
DiaGnostic| LODPBACK Lest 
TEST CONT [= BUSY-OUT ENABLE 


PANEL AL-DSR ENABLE 


NOTES 


* REQUIRED IF AUTO ANSWER IS IMPLEMENTED. 
** AUTDMATIC CALLING CAPABILITY CAN BE EASILY IMPLEMENTED WITHIN THE DTE. 


Typical R24DC to OEM Interconnections 
for Half-Duplex Applications 


R24DC 


STANDARD 
MINIATURE 
PLUG 

(4) 
АЈЗ6Х 


МОТ USED 


2400 bps Direct Connect Modem 


4 
о 
ә 
з 
т 


TO МЕТМОВК 


NOTES 


1. МІ АМО MIC ARE REQUIRED ONLY IF HANDSET IS EMPLOYED. 
PR AND PC ARE REQUIRED FOR PROGRAMMABLE МООЕ ONLY 


BRIDGING 
TRANSFORMER 
(Hi-Z) 
TELEPHONE HANOSET 
TYPE ATC 

OPTIONED FOR САТА SET 
CONTROL OF ТНЕ LINE 


2 

3. STANDARD TELEPHONE CC. PROVIDEO JACK RJ16X, RJA5S ОН 8.415. 

4. RJ36X OR CONNECTING BLOCK IS REQUIRED ONLY IF TELEPHONE HANDSET IS EMPLOYED. WHEN THE R24DC IS IN THE 
PERMISSIVE MODE, THE RJA2X АОАРТЕН AND RJ11C JACK MAY BE EMPLOYED WITH THE ASSOCIATEO TELEPHONE SET. 


Typical R24DC to Network Interconnection 


Telephone Line and OEM Connections — Connection of the 
R24DC telephone interface pins to the network is made via 
standard jacks and plugs. A typical installation, including an 
optional telephone set, is illustrated. 

Telephone Set — If it is desirable to have manual call origina- 
tion or alternate voice capability, an exclusion key telephone set 
(configured as Modem Controls the Line) may be ordered from 
your local telephone company. 


Mounting and Signal Routing — The R24DC may be physically 
incorporated into your OEM end product by using either the four 
corner (0.156 inch) diameter mounting holes or by using board 
guides. The electrical interface is via edge connector(s). 


Interface Mating Connectors 


Type/ 
Manufacturer P1 (DTE) Connector 


P2 (Telephone Line) 
Connector 


40 pin 
0.100 in. spacing 


10 pin 
0.100 in. spacing 


20 pins per side 20 pins per side 


53-40-0 
609-4015M 
807-4005-001 


53-10-0 
609-1015М 
807-1005-001 


Winchester: 
T&B Anstey: 
Spectra-Strip: 


PERFORMANCE DATA 


The R24DC is a high performance synchronous 2400 bps DPSK 
modem, utilizing a coherent demodulation technique to achieve 
reliable operation over the switched network or unconditioned 
lines. 
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Timing Jitter — The maximum steady state timing jitter of 
Received Clock with respect to Transmit Clock is less than 10% 
p-p for an input signal-to-noise ratio of 12 dB. 


Bit Error Rate -— The following graph represents typical R24DC 
performance. 


ВІТ ERROR RATE 


6 в 10 11 12 13 


SIGNAL TO NOISE RATIO (08) 


14 15 
1200 BPS, BACK-TO-BACK, SCRAMBLER, NO EQUALIZER 
2400 BPS, У .26A OR B, BACK-TO-BACK, SCRAMBLER. 

NO EQUALIZER 

2400 BPS, У 264 OR B, 152.150 HZ PHASE JITTER, NO 
SCRAMBLER, NO EQUALIZER 

2400 8Р-, v 26А OR В, 307-120 HZ PHASE JITTER, NO 
SCRAMBLER, NO EQUALIZER 


2400 BPS, v .26A OR B, 3002 UNCONDITIONED LINE, 
NO SCRAMBLER, EQUALIZER 


E 
2. 
2 
4 
5 


Typical Bit Rate Performance 


R24DC 


2400 bps Direct Connect Modem 


Phase Error — Phase error can be measured by using the 
modem's output signals PE, SYC, and A. With an external test 
circuit, a numerical value can be derived to indicate the quality 
of received data. This numerical value can be directly correlated 
to bit error rate performance. The required test circuit can be 
implemented with discrete circuitry or in software within a 
microcomputer. 


Eye Pattern — By using the modems digital output signals 
RCVDS, SYC, and A along with an added test circuit, the user 
can generate an oscilloscope quadrature eye pattern. This pat- 
tern displays the received signal as a group of dots in the base- 
band signal plane; hence, it is a graphic representation of 
modem performance. 


DISPERSION 
DUE TO GAIN 
ERRORS 


=> DISPERSION DUE 
Қ 2) To PHASE ERRORS 


Ж 


CIRCLE REPRESENTS 
PROPER POSITION OF 
HIGH QUALITY SIGNAL 


DISPERSION AROUND 
PROPER POSITION DUE 
TO COMBINATION OF 
RANDOM NOISE, PHASE 
ERROR, AND/OR GAIN 
ERROR. 


Typical Eye Pattern: 4 Phase-2400 BPS-1200 Baud (V26A) 
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Phase error and eye pattern can be extremely useful for modem 
acceptance testing, product evaluation, and observation of line 
signal quality under actual operation. 


POWER REQUIREMENTS 


a ECT Е 50 


+5 VDC £596 100 mV p-p 110 mA 
+12 МОС +5% 50 mV р-р 
-12 VDC £596 50 mV p-p 


ENVIRONMENTAL SPECIFICATIONS 


Operating Temperature: 0°С to 60°С 

Storage Temperature: -40°C to +90°C 

Relative Humidity: to 9596 (non-condensing) 

Altitude: -200 to 10,000 feet (-61 meters to 3,049 meters) 
Burn-In: 96 hours at 70°С 


MAXIMUM DIMENSIONS 


Width: 4.988 in. (12.669 cm) 
Length: 7,900 in. (20.066 cm) 
Height: 0.500 in. (1.270 cm) 


INTRODUCTION 


The Rockwell R24LL is a high-performance serial synchronous 
2400 bps DPSK modem. By utilizing state-of-the-art MOS/LSI 
technology, the R24LL provides the user with enhanced per- 
formance and reliability in a small package. Implemented on a 
single printed circuit board, the R24LL is less than 26 square 
inches. 


The R24LL operates in either the fuli-duplex (4-wire telephone 
connection) or half-duplex (2-wire telephone cannection) mode. 
The R24LL is designed for easy integration into a user's system, 
e.g., a simple box or rack-mount modem, statistical multiplexor, 
error controller, terminal, PBX, or any other communications 
product that requires the utmost in reliability and performance 
for data transmission over voice-grade telephone lines. 


The R24LL is ideal for data transmission applications over either 
2-wire or 4-wire leased (dedicated) telephone lines or the dial- 
up telephone network. Ве! 201 B/C, CCITT V.26 А/В and V.26 
bis A/B compatible, the R24LL modem offers the user flexibility 
in creating a 2400 bps modem design customized for specific 
packaging and functional requirements. 


2400 BPS MODEM 


R24LL 


Integral Modems 


R24LL 


FEATURES 


e High Performance—Low Cost 

e LSI High Density —Low Power 

• Bell 201 B/C, CCITT V.26 A/B Compatibility and V.26 bis 
A/B Compatibility 

e DTE Interface LSTTL/CMOS Compatibility 

e External Transmit Data Clock Tracking 

e Diagnostic Outputs Available for Eye Pattern Generation and 

Data Quality Monitoring 

Fixed Compromise Equalizer (Strap Selectable) 

2400/1200 bps Modes 

Transmitter-Differential Phase Modulation 

Receiver-Coherent Phase Detection 

Operating Modes: 

—Half-Duplex (2-wire) 

—Full-Duplex (4-wire) 

e Outstariding Performance Over Unconditioned Lines 

e V.27 Scrambler/Descrambler Compatibility 

e Answer-Back Tone Generation 

e Clear-to-Send Delay Options 

e NSYNC Option for Rapid Resynchronization in Multi-Point 

Applications 

Small Size——Less than 26 sq. in. 

Typical Power Consumption— 3S watts 

Power Requirements, +5 Мас and + 12 Мас 


Document No. 29200N05 


Data Sheet Order No. MD05 
Rev. 1, March 1983 


R24LL 


REC 
FILTER 


TRANSMITTER 
osc 
DIVIDER 


TRANSMIT 
FILTER 


TRANSMITTER 
DEVICE 


МО5/ 5! 
(11042) 


TRANSMIT 
OAC 


DIVIDER 


2400 BPS Modem 


IANALOG VOLTAGE 


REF 


RECEIVER 
OEVICE 
SAMPLE 
AND 
HOLD/DAC 


MOSILSI 


CARRIER 
DETECT 
CIRCUITRY 


| | (11043) 


MOSILSI 
(11044) 


DIGITAL DIAGNOSTICS 


INTERCHANGE A 


CIRCUITS 


syc 
RCVDS 
PE 


R24LL Functional Block Diagram 


FUNCTIONAL SPECIFICATIONS 
Transmitter Carrier Frequency—1800 Hz + 0.01% 


Echo Suppression and Answering Tone Frequencies—2100 
Hz + 0.01% or 2025 Hz + 0.01% 


Received Signal Frequency Tolerance—The receiver can 
adapt to received frequency errors up to + 10 Hz with less than 
a 0.5 dB degradation in bit error rate. 


Data Signaling and Modulation Rate—The normal signaling 
rate is 1200 baud + 0.01% and a data rate of 2400 bps + 
0.01%. The fallback signaling rate is 1200 baud + 0.01% and 
a data rate of 1200 bps + 0.01%. 


Transmitted Data Spectrum—The transmitted spectrum’s 
bandwidth extends from 800 Hz to 2800 Hz. Phase distortion 
characteristics fall within the limits specified in CCITT Recom- 
mendation V.26 bis. The out-of-band signal power limitations 
meet those specified by Part 68 of Tariff 261 of the FCC’s reg- 
ulations and typically exceed the requirements of international 
regulatory bodies as well. 
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Data Encoding (DPSK)—At 2400 bps, differential 4-phase 
modulation is employed. The data stream to be transmitted 
divides into pairs of consecutive bits (dibits). Each dibit is encoded 
as a phase change relative to the phase of the immediately pre- 
ceding signal element. Two alternative arrangements of coding 
are possible (in accordance with CCITT Recommendations V.26 
and V.26 bis) as shown in the following chart. 


Data Encoding 


2400 BPS 
Phase Change 
Dibit V.26A V.26B/Bell 201 
00 0% +45° 
01 +90° +135° 
11 +180° +225° 
10 +270° +315° 


R24LL 


0° +90° +270° +180° 
ALTERNATIVE А | 


ә 5 ә 4315 
ALTERNATIVE B 45 +135° +225 


ААА. 


Reference Line Signal Diagram (V.26 A&B) 


At 1200 bps, differential 2-phase modulation is employed. Each 
bit to be transmitted is encoded as a phase change relative to 
the phase of the immediately preceding signal element. The 
encoding is in accordance with CCITT Recornmendation V.26 
bis as shown in the following chart. 


Data Encoding 


1200 BPS 
Bit Phase Change 
0 +90° 
1 +270° 


Turn On Sequences—The transmitter of the R24LL can gen- 


2400 BPS Modem 


Turn Off Sequence—When the transmitter has been sending 
data and “Request-to-Send” is turned off, any remaining data 
bit information transmits within 6 milliseconds. 


Response Times of Clear-to-Send— The selected configura- 
tion of the А2411 and its associated turn-on sequence deter- 
mine the Clear-to-Send response times, as shown in the following 
chart. 


Scrambler/Descrambler—The R24LL incorporates a self- 
synchronizing scrambler/descrambler enabled by a discrete dig- 
ital input. 


Carrier Detection— The R24LL contains a received line signal 
detector. This detector indicates the presence of energy at the 
receiver input above a certain threshold for a minimum amount 
of time. 


Carrier Detect Thresholds 


Received Level 


Greater than —43 dBm 
Less than —48 dBm 


Carrier Detect 


On (line signal present) 
Off (line signal not present) 


Carrier Detect Response Time 


Carrier Detect Transition Response Time 


erate a total of 13 selectable turn-on sequences, as shown in Off-to-On 14 = 1 ms 
; On-to-Off & + 3 ms 
the following chart. 
Turn-On Sequences 
Type of Total of 1 
Line Signal Segment 1 Segment 2 Segments 1, 2 
Turn-On Continuous Continuous Nominal Total Comments 
Sequence Unscrambled Scrambled? Turn On Sequence 
Number Ones Ones Time2 
1 0 ms 0 ms 0 ms 
2 6.67 ms 0 ms 6.67 ms 
3 8.33 ms 0 ms 8.33 ms 
4 30 ms 0 тв 30 ms V.26 
5 8.33 ms 21.67 ms 30 ms (scrambler inserted) 
6 90 ms 0 ms 90 ms V.26, V.26 bis 
7 8.33 ms 81.67 ms 90 ms (scrambler inserted) 
8 148.3 ms 0 ms 148.3 ms 
9 8.33 ms 140 ms 148.3 ms (scrambler inserted) 
10 220 ms 0 ms 220 ms V.26 bis 
11 8.33 ms 211.7 ms 220 ms (scrambler inserted) 
12 800 ms 0 ms 800 ms V.26 bis 
13 8.33 ms 791.7 ms 800 ms (scrambler inserted) 
| Notes: 
1. See paragraph titled Scrambler/Descrambler for a description of scrambler/descrambler facility. 


for 8.33 ms-ten baud (symbol) intervals, followed by the transmission of a continuous "one", scrambled, for the remainder of the turn-on 


B For those turn-on sequences in which the scrambler is inserted, the transmitted line signal corresponds to a continuous "one", unscrambled, 


sequence. 
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Clear-To-Send Response Times 


Clear-To-Send 


Tureon Response Times* 
Sequence P es Comments 
Number On-to-Oft 
1 
2 Switched carrier 
4-wire (BELL 201) 
3 8.33 ms Switched carrier 
4-wire 
4 30 ms CCITT 4-wire 
30 ms CCITT 4-wire with 
scrambler 
6 90 ms CCITT 2-wire 
7 90 ms CCITT 2-wire with 
Scrambler 
8 143.3 ms Switched carrier 
2-wire 
9 143,3 ms Switched carrier 
2-wire with 
scrambler 
10 220 ms CCITT 2-wire 
echo protection 
11 220 ms Switched 2-wire 
echo protection with 
scrambler 
12 800 ms CCITT 2-wire auto 
call 
13 800 ms CCITT 2-wire auto 


call with scrambler 


Note: 


“Тһе tolerance on each Off-to-On and On-to-Off response 
time is (+.9, —.1) ms. 


Clamping Options—The following clamps are provided with 
the R24LL: 


1. Received Data. The Received Data output is clamped to a 
mark when Carrier Detect is off. This action prevents distur- 
bances on the line from getting through the receiver circuit 
to the data output. 


2. Carrier Detect Clamp. The Carrier Detect output is clamped 
off (squelched) when Request-to-Send is on. An option 
extends this clamp for 148 milliseconds beyond transitioning- 
off, thus providing echo protection. 


3. Receive Clock Clamp. The Receive Clock output is clamped 
off when Carrier Detect is off. This action prevents any dis- 
turbances from propagating through the receiver circuit to the 
receive clock output. 
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Equalizer—The R24LL contains a fixed compromise delay 
equalizer which improves performance over the domestic 
Switched network. The equalizer may optionally be positioned 
in the receiver or removed entirely by means of a jumper plug. 
It has a nominally flat 0.0 dB amplitude response. 


Test Pattern Generation— The scrambler/descrambler func- 
tion can be used to implement a 127-bit test pattern feature. For 
example, a constant mark input could be scrambled and trans- 
mitted as a pseudo-random signal to be descrambled at the 
receiver back to the constant mark. A transmission error would 
be represented as a space for the duration of an incorrect bit. 


Receive Level— The R24LL receives line signals from 0 to – 43 
dBm. 


Transmit Timing— The R24LL generates a Transmit Clock with 
the following characteristics: Frequency —2400 Hz + 0.01% 
(1200 Hz = 0.01% in fall back mode), duty cycle—50 = 1%. 
The R24LL can also optionally track an External Transmit Clock 
supplied by the user. Both have similar characteristics. 


Receive Timing— The R24LL provides a data derived Receive 
Clock output in the form of a nominal squarewave (50 = 1% 
duty cycle). The timing recovery function can track a = 0.01% 
frequency error in the associated transmit timing source. 


Secondary Channel— The R24LL provides the user sufficient 
flexibility to add an external secondary channel if desired. (A 
secondary channel is a data transmission channel having a 
lower signalling rate and occupying a different portion of the tel- 
ephone line bandwidth than the primary channel. The primary 
and secondary channels share the same transmission facility, 
the telephone line.) Additional receive filtering to allow simul- 
taneous operation of the secondary channel must be provided 
external to the R24LL. 


Transmit Level—The transmitted output line signal level of the 
modem is —1.0 dBm = 1.0 dBm when the transmitter output is 
terminated with a 600 ohm resistor in series. This applies to all 
possible transmitted data patterns both at 2400 bps and 1200 
bps, as well as to answering tone generation. 


Answering Tone Generation— The R24LL can generate an 
answering tone at 2100 Hz + 0.01% or 2025 Hz + 0.01% 
(selectable) for 3.4 = 0.2 seconds under the contro! of an input 
logic signal (CAUTO). The R24LL also provides a digital output 
(TONA) indicating the conclusion of answering tone generation. 


New Sync—Pulsing the New Sync (NSYNC) digital input forces 
Carrier Detect Off and causes the R24LL to resynchronize rap- 
idly on sequences of incoming messages. This feature is nec- 
essary in some polling applications because the receiver 
maintains the timing information of the previous message for 
some time after it has ended—this may interfere with resyn- 
chronization on receipt of the next message from a different 
remote transmitter. 


R24LL 


Fast Energy Detector—A received line signal detector, the fast 
energy detectors output (RLSD) has the same threshold and 
hysteresis characteristics as the Carrier Detect. For RLSD the 
maximum turn-on time is 1.6 ms and the maximum turn-off time 
is 6.6 ms (both times for Equalizer not inserted). Furthermore, 
the RLSD output will respond to transient line conditions (no 
momentary dropout or momentary-on glitch protection). 


Baud Clocks —Symbol or baud timing is available for both the 
transmitter and receiver functions. These signals have charac- 
teristics similar to the data clocks’ except that their frequency 
is equal to the signalling гаје (1200 Hz = 0.0196). Transitions 
on Transmitter Baud Clock and Receiver Baud Clock coincide 
with Off-to-On transitions of Transmit Clock and Receive Clock, 
respectively. For 2400 bps operation both baud clocks are low 
for the first data bit in a baud and high for the second data bit. 


Analog Loopback— The R24LL provides the flexibility to imple- 
ment a variety of analog loopback schemes using a minimum 
amount of external circuitry. 


Eye Pattern/Data Quality Detector—The R24LL outputs dig- 
ital signals (RCVDS, SYC, А) which the user can decode to 
generate a quadrature eye pattern. The eye pattern is a visual 
(oscilloscope) display showing the received signal as groupings 
of dots in the baseband signal plane. It is useful as an incoming 
modem test and product evaluation tool and as an indication of 
a line condition in actual operation (useful for some network 
control applications). 


The modem also outputs digital signals (PE, SYC, A) which the 
user can decode to generate a data signal quality detector. This 
indicates if a reasonable probability of errors is received on the 
data channel. 


CONFIGURATIONS 


The R24LL modem provides the user with a wide range of 
modem functional configurations. Some of the possibilities are 
described below. 


Half-Duplex (2-Wire)—In a haif-duplex application, the user 
needs both transmit and receive capabilities (although not 
simultaneously) on a 2-wire connection. 


If a hybrid (4-wire — 2-wire) transformer is not employed as a 
line interface device, REC IN would be strapped to T1 through 
an external resistor, the user perhaps selecting this resistor to 
produce a specific output impedance or to compensate for 
losses in any line interface circuitry. 


Digital interface connections. In a typical application, the user 
controls basic modem operation through the digital signals T103, 
T105, Т106, Т114, T104, T115, T109, and perhaps RBCK, 
T113, or TBC. (T113 is used if transmit timing is to be locked 
to the customer's clock; TBC may be employed to minimize cer- 
tain timing delays and is useful in some multiplexing operations). 
A number of digital inputs can either be fixed (tied directly and 
permanently to the 45V supply [high] or to signal ground or the 
—12V supply [low] in accordance with the specific requirements) 
or, ifthe user desires programmable flexibility, these signals can 
be interfaced with his equipment. Signals of this type include 
T111, V26A, 1, S8GR, К, Y, ТС06, 800MS, E, T2W/4W, СРО4, 
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CP15, RW/4W, THOS, FSYC, ТС09, and PBS. If answerback 
or echo suppression tone generation capability is required, the 
input CAUTO (which should be strapped low if not used) and 
the output TONA are available. Implementation of the New Sync 
function requires any new sync pulses to be inputted to NSYNC. 
The outputs SYC, RCVDS, DCP, A, and PE can be used to gen- 
erate eye pattern and phase error diagnostic information. 


Analog interface connections. The GAIN-G1-G2 jumper (for 
threshold set selection) should be in the proper location as 
described in the tabie at the top of page 9. Note that input 
impedance at REC IN is a resistive 15.8K ohms. If a 600 ohm 
receiver input impedance is desired, an external resistor to 
signal ground must be added. Take care when routing to REC 
ІМ (for low level receive signal) from any telephone interface 
circuitry. Also note that it is possible to insert the equalizer into 
the receiver or not to insert it by use of the jumper on the board. 
Implementation of a local analog loopback scheme could be 
achieved in many ways. If the line interface connection as 
shown in the diagram below is employed, the user can create 
a local analog loopback simply by deactivating squelch. To iso- 
late the telephone line during this loopback (no transmitted 
line signal), additional circuitry must be added. 


Full-Duplex—in a full-duplex application, the user needs both 
transmit and receive capabilities simultaneously. A 4-wire line 
connection is required. 


The only differences with half-duplex are that REC IN is no 
longer connected to T1 (the transmitter and receiver have inde- 
pendent transmission paths) and the squelch function would be 
deactivated (except during New Sync) by use of the input T2W/ 
4W. 


Digital interface connection is the same as fcr the half-duplex. 


Analog interface connections. With the exception of the 4-wire 
line interface, analog interface connections are the same as 
half-duplex. Implementation of a variety of local or remote analog 
or digital loopback schemes requires the adcition of a minimal 
amount of external circuitry. 


RECEIVER TRANSMITTER 


R T1 
EXTERNAL 
Р REGISTER 
TO LINE INTERFACE 
CIRCUITRY 


R24LL Half-Duplex Mode 


R24LL 
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INTERFACE CRITERIA 


The R24LL interface signals are classified as digital interchange 
signals and analog signals. The signals interface to the modem 
user through the board edge connector. 


Digital Interchange Circuits—The characteristics of the R24LL 
digital inputs and outputs are given in the following charts: 


Digital Input Characteristics 


Input Logic State Allowed Input Voltage Levels 


-12У (Vpp) to 0.8V sinking <10 мА 
+4.0V (Vss — 1V) to +5.0V (Vss) sourcing 
<10 pA 


Low 
High 


The digital inputs are directly CMOS compatible. The capacitive 
loading on each input is 25 pF (maximum). 


Digital Output Characteristics 
Output Logic State 


Allowed Output Voltage Leveis 


Low 0.0V to 0.4V (-0.4V to +0.4V for RLSD) 
sinking 0.36 mA 
High +4.0\ (Vss — 1V) to +5.0V (Vss) sourcing 


100 pA 


The digital outputs are directly CMOS or low-power Schottky TTL 
compatible. 


Digital Interchange Circults 


Pin 
Term Number Description 

TONA P1-A5 Output indicating completion of 
answering tone. 

800м5 P1-A6 Input affecting Clear-to-Send re- 
sponse time. 

TCO6 P1-A7 Input affecting Clear-to-Send rə- 
sponse time. 

K P1-A8 Input affecting Ready-for-Sending 
response time. 

х P1-A9 Input affecting T109 Squelch. 

CAUTO P1-A10 Input initiation transmission of an- 
swering tone. 

New Sync (NSYNC)  P1-A13 Input affecting T109 Squelch. 

CLAMP P1-A15 Input forcing squelch of T109. 

Fast Energy P1-A17 Input generating T109. 

Detector (RLSD) 

Fast Sync (RSYC) P1-A18 Input determining whether fast 
sync feature (fast resynchroniza- 
tion upon recovery of received line 
Signal following momentary drop- 
out) is enabled. 

S8GR P1-A19 Input determining whether the 


modulo 8 pattern guard will be in- 
corporated into the scrambler 
facility. 


DCP 


R2W/AW 


Receiver Baud Clock 
(RBCK) 


PBS 
ТН09 


Transmitted Data 
(T103) 
Clear-to-Send or 
Ready-for-Sending 
(T106) 

Data Signalling Rate 
Selector (T111) 


Receive Clock 
(T115) 

E 

T2W/AW 


Y 


Transmitter Baud 
Clock (TBC) 
A 


THRH 


V26A/B 


CP15 


RCVDS 
SYC 
PE 
ТС09 


СРО4 


External Transmit 
Clock (T113) 


Request-to-Send 
(1105) 

Аесемед Паја 
(7104) 

Transmit Clock 
(7114) 


Carrier Detect 
(7109) 


Р1-А21 


Р1-А22 
P1-A23 
P1-A24 
P1-A25 
P1-A29 


P1-A30 
P1-A32 


P1-A33 
P1-B6 
P1-B7 
Р1-В8 


P1-B10 


P1-B11 


Р1-В15 


Р1-В18 


P1-B19 


P1-B20 


P1-B21 
P1-B22 
P1-B23 
P1-B24 
P1-B25 
P1-B29 
P1-B30 
P1-B31 


P1-B33 


P1-B24 


Digital output enabling user to 
generate eye pattern and phase 
error diagnostic information. 

Input affecting state of THRH 
output. 

For 2400 bps operation. 


Input determining T109 On-to-Off 
response time. 

Input affecting state of THRH 
output. 
Input for 
transmitted. 
Output indicating readiness to ac- 
cept data for transmission. 


digital data to be 


Input determining whether trans- 
mitted data rate is 2400 bps or 
1200 bps. 

Output providing received signal 
element timing information. 

Inputs affecting Clear-to-Send re- 
Sponse time and T109 Squelch. 
Input affecting Ready-for-Sending 
response time and answering tone 
frequency. 

Output baud clock (1200 Hz). 


Digital output enabling user to 
generate eye pattern and phase 
error diagnostic information. 

Input determining whether scram- 
bler is to be inserted. 

Output used in conjunction with 
carrier detect circuitry to imple- 
ment T109 threshold set select 
function. 

Input selecting dibit encoding at 
2400 bps operation as per V.26 
Alternate А or V.26 Alternate B. 
input selecting optional clamping 
of Receive Clock (T115). 

Digital outputs enabling user to 
generate eye pattern and phase 
error diagnostic information. 

Input determining T109 Off-to-On 
response time. 

Input determining T104 damping. 
Input providing modem with trans- 
mitted signal element timing 
information. 

Input to transmitter. 


Digital data output from modem 
receiver. 

Output providing user with trans- 
mitted signal element timing 
information. 

Output indicating presence of sig- 
nal energy on receiver line. 


Note: 


The following P1 connector pin locations should be left open and unconnected: 
А4, A11, A12, A14, A16, A20, A35, B1, 812, 813, 814, B17, 832, and 835. 
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Data Structure Tone Generation 
Input 7] Inputs Outputs 
Data Signalling Data Structure CAUTO У ТОМА 
Rate Selector V26 А/В (P1-A10) (Р1-88) (P1-A5) Transmitted Signal 
P1-A32 - 
(Р1-АЗ2) (Р1-В19) Low Don't Care High | Normal Operation 
Low Low 2400 bps Alternate А High High High | 2100 Hz Answering Tone 
Low High 2400 bps V.26 Alternate B High Low High | 2025 Hz Answering Tone 
(Bell 201C) High Don't Care Low | Normal Operation 
High Don't 1200 bps 
Care 
Selection of Clear-To-Send Response Times 
| Clear-To-Send 
Response Times 
Inputs (ms) 
Turn-On Y 800MS K ТС06 T2w/4w I E 
Sequence (P1-B8) (P1-A6) (P1-A8) (P1-A7) (P1-B7) | (Р1-815) | (Р1-В6) | Off-to-On On-to-Off 
1 Low High Don't Care | Don't Care | High Low Don't Care 6.67 0 
2 Нов High Low High High Low Don't Care 8.33 0 
3 High High Low Low High Low Don’t Care 30 0 
4 High High Low Don't Care | High High Don't Care 30 0 
5 High High Don't Care | High Low Low Low 90 0 
5 High High High High High Low Don't Care 90 0 
6 High High Don't Care | High Low High Low 90 0 
6 High High High High High High Don't Care 90 0 
7 Low High Don't Care | Don't Care | Low Low Don't Care 148.3 0 
8 Low High Don't Care | Don't Care | Don't Care High Don't Care 148.3 0 
9 High High High Low Don't Care Low Don't Care 220 0 
9 High High Don't Care | Don't Care | Low Low High 220 0 
9 High High Don't Care | Low Low Low Don't Care 220 0 
10 High High High Low Don't Care High Don't Care 220 0 
10 High High Don't Care | Don't Care | Low High - High 220 0 
10 High High Dont Care | Low Low High Don't Care 220 0 
11 High Low Don't Care | Don’t Care | Don't Care Low Don't Care ?20 0 
12 High Low Don't Care | Don't Care | Don't Care High Don't Care 800 0 
——4À и 
Note: The tolerance оп each Off-to-On and On-to-Off response time is (+0.9, —0.1 ms). 
Carrier Detect Squelch 
Г Inputs 
X T2W/AW E T105 NSYNC Squelch Status 
(Р1-А9) (Р1-В7) (Р1-В6) (Р1-В30) (Р1-А13) 
Don't Care Don't Care Don't Care Don't Care Low Squelch 
Don't Care High Don't Care Don't Care High No Squelch 
Low Low Don't Care Don't Care High No Squelch 
High Low Don't Care High High Squelch 
High Low High HighLow High Extended Squelch 
High Low Low High-Low High No Extended Squeich 


Notes: 


"Squelch" means that Carrier Detect (7109) is clamped off regardless of the level of received line signal. During squelch, CLAMP 
(T-13) is a low impedance to ground. For normal operation (no squelch) CLAMP (T-13) is in a high impedance (‘open drain") 
state. 


When "extended squelch” is enabled, squelch occurs both when Request-to-Send (T105) is On (High) and for 148.3 ms (40.9, 
-0.1 ms) following the On-to-Off (High to Low) transition of T105. 
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Carrier Detect Threshold Selection 
Gain Selected 
THRH Strap Threshold Set 
High Impedance G1 —43 dBm, --48 dBm 
High Impedance G2 —33 dBm, -38 dBm 
Low impedance G1 or G2 ~26 dBm, —31 dBm 


to ground 


Gain must be shorted to either G1 or G2. 


THRH Operation 


l 
| пр! ТНАН 
| THOS R2W/AW 
Low Low High Impedance 
High Low High Impedance 
Low High High Impedance 
L High High Low Impedance 


THRH is an open-drain driver representing either a low imped- 
ance to ground («500 ohms) or a very high impedance state. 


Scrambler/Descrambler 


Input 
Ге Scrambler/Descrambler 
1 5868 Configuration 
(Р1-В15) (Р1-А19) 
Low Don’t Care No Scrambler 
High Low Scrambler V.27 bis, ter 
(modulo 8 pattern guard) 
High High (no modulo 8 pattern guard) 


Analog Interface Circuits—The analog interface circuits of the 
R24LL defined in the following chart provide the power, the 
switched network connections, and a means for the user to 
monitor the incoming line signals. 


Analog Interface Circuits 
Pin 


Term Description 


per P1-B5, B9 * 12V Power Supply 
-12V P1-A1 —12V Power Supply 
45V P1-A2, B2 +5\ Power Supply 
COMMON P1-A3, A31, B3| Ground (signal and power 
return) 
ті Р1-АЗ4 Ті із the low impedance 


transmitter analog output (line 
signal). The Т1 allows the 
user the flexibility needed to 
customize his output imped- 
ance (to compensate for 
transformer losses, for in- 
stance). 


SECONDARY IN Secondary channel! input 
from the DTE. 
REC IN Receive filer input. Input 


impedance is a resistive 15.8 
К ohms = 1%. 


Audio итемасе—Тће audio interface includes the R24LL's 
interface with the transmission network. 


The receiver and transmitter line interfaces are single-ended 
(non-transformer coupled) signals with the following charac- 
teristics: 


Transmitter Voice Frequency Output T1 
1. Output Impedance: Impedance of Op-Amp 
2. Maximum Output Level: <0.0 dBm as measured per the fol- 


lowing diagram using a true RMS 
meter. 


LOW PASS 
FILTER 


TO TRUE RMS 
MOTOR 


600 + 1% 


. Receiver Voice Frequency Input REC IN 
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1. Input Impedance: 15.8K ohms + 1% resistive 
2. Maximum Input Level: <0.0 dBm 


The output level at the R24LL line interface is less than —60 
dBm in the frequency band of 1 Hz to 12 Hz when the modem 
is not transmitting. A period of 100 milliseconds is required for 
the line interfaces to stablize following power turn-on. 


Low impedance voice frequency output T1 satisfies applications 
interfacing with lossy transformers or hybrids. The characteris- 
tics of T1 output are: 


a. Output Impedance: Essentially zero ohms when loaded to 
ground with greater than 400 ohms 
(resistive). This is a direct output from an 
operational amplifier. 


b. Minimum Load: > 400 ohms (resistive) as measured between 
T1 and signal ground. 


PERFORMANCE DATA 


The R24LL is a high performance synchronous 2400 bps DPSK 
modem. It utilizes a coherent demodulation technique to achieve 
reliable operation over the switched network or unconditioned 
lines. 


Timing Jitter—The maximum steady state timing jitter of 
Received Clock with respect to Transmit Clock is less than 10% 
p-p for an input signal-to-noise ratio of 12 dB. 


ВН Error Rate—The following graph represents typical R24LL 
performance. 
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Phase error and eye pattern can be extremely useful for modem 
acceptance testing, product evaluation, and observation of line 
signal quality under actual operation. 


RECOMMENDED MATING CONNECTORS 


The R24LL connector mating contacts are not gold covered; 
therefore, a high quality gas-tight card edge connector should 
always be used to maintain reliable operation. Rockwell rec- 
ommends the following in order of preference: 


4 5 6 7 8 9 10 11 12 13 14 15 


1. Burndy GTBH Series 
SIGNAL TO NOISE RATIO (DB) 2. Continental 6100-200 Series 
3. Elco 00-6307 Series 


POWER REQUIREMENTS 


E 


. 1200 BPS, BACK-TO-BACK, SCRAMBLER, NO EQUALIZER 


2. 2400 BPS, V.26A OR B, BACK-TO-BACK, SCRAMBLER Maximum 
NO EQUALIZER Voltage Ripple Current 
3. 2400 BPS, V.26A OR В, 15*—150 HZ PHASE JITTER, NO = 
SCRAMBLER, NO EQUALIZER +5 VDC + 5% 100 mV p-p 102 mA 
4. 2400 BPS, V.26A OR В, 30%-120 HZ PHASE JITTER, NO +12 VDC + 5% 50 mV p-p 64 mA 
SCRAMBLER, NO EQUALIZER —12 МОС = 5% 50 mV р-р 142 тА 


5. 2400 BPS, V.26A OR В, 3002 UNCONDITIONED LINE, 
NO SCRAMBLER, EQUALIZER 


ENVIRONMENTAL SPECIFICATIONS 


Operating Temperature: 0°C to 60°C 

Storage Temperature: —40°С to +80°C 

Relative Humidity: to 90% (non-condensing) or a wet bulb tem- 
perature up to 35°C, whichever is less. 

Altitude: —200 to 10,000 feet (-61 meters to 3,049 meters) 


Typica! Bit Error Rate Performance 


Phase Error—Phase error can be measured with the modem's 
output signals PE, SYC, and A. With an external test circuit, a 
numerical value can be derived to indicate the quality of received 
data and then directly correlated to bit error rate performance. 
The required test circuit can be implemented with discrete cir- 
cuitry or in software within a microcomputer. 


Eye Pattern—By using the modem's digital output signals 
RCVDS, SYC, and A along with an added test circuit, the user 
can generate an oscilloscope quadrature eye pattern. This pat- 
tern displays the received signal as a group of dots in the base- 
band signal plane: it is a graphic representation of modem 
performance. 
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INTRODUCTION 


The Rockwell R24 is a high performance synchronous Serial 
2400 bps DPSK modem. Utilizing extensive MOS/LSI 
technology, the R24 is implemented in three modular building 
blocks. It is innovatively designed to enable its economic integra- 
tion by system designers in a broad range of communication, 
computer, and control equipment. 


Having Bell 201 B/C and CCITT V.26 compatibility, the modular 
R24 offers the user sufficient flexibility to customize a 2400 bps 
modem to his specific packaging and functional requirements. 
With a minimum amount of interface circuitry, the modem can 
be configured for operation on leased lines or on the general 
switched network. 


MODULE VERSATILITY 


The versatility of the R24 design is achieved by dividing the 
modem's functions into three modules: 


Transmitter —- Module T 
Receiver — Modules R1 and R2 


Each module can be plugged into standard connectors or can 
be wave soldered on one or more printed circuit boards. The 
pin spacing is on 100 mil centers. Modem modules are func- 
tionally independent. 


MODEM OPERATION MODES 


In general, the modules can be configured to operate in the 
following modes: 


Simplex — Transmit only: Only the transmitter module (T) is 
used. 


Simplex — Receive only: R1 and R2 modules are used to 
implement a complete receiver 
function. 

Half Duplex (2-Wire): Requires both transmit and receive 

functions (although not simul- 

taneously), therefore, all three 
modules are used. 

Full Duplex (4-Wire): Requires both transmit and receive 

functions simultaneously, again all 

three modules are used. 


Document No. 29200N01 


FEATURES: 


LSI high density; low power 

2400/1200 bps modes 
Transmitter-Differential phase shift keying 
Receiver-Coherent phase detection 

Bell 201 B/C, CCITT V.26 compatible 
CCITT A/B encoding options 

Operating modes: 

Half duplex (2 wire) 

Full duplex (4 wire) 

Simplex (Transmit or Receive only) 
Outstanding performance over unconditioned lines 
LSTTL/CMOS compatible digital interface 
Fixed compromise equalizer 
V.27 compatible scrambler/descrambler 
Answer-back tone generation 
Clear-to-send delay options 
New sync option provides rapid resynchronization 
Typical power consumption 2 watts 
Total module area 25 sq. in. 

R24 Modem Evaluation Board facilitates evaluation and 
design-in tasks. 
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R24 Functional Diagram 


TECHNICAL DESCRIPTION 


Transmitter carrier frequency — 1800 Hz +0.01% 


Echo suppression and answer tone frequencies — 2100 Hz 
+0.01% or 2025 Hz +0.01% 


Received signal frequency tolerance — The receiver can 
adapt to received frequency errors up to + 10 Hz with less than 
a 0.5 dB degradation in bit error rate. 


Data signaling and modulation rate: 


1) Normal: Signaling Rate — 1200 baud +0.01%. 
Data Rate — 2400 bps + 0.01%. 
2) Fallback: Signaling Rate — 1200 baud +0.01%. 


Data Rate — 1200 bps +0.01%. 


Transmitted Data Spectrum — The transmitted spectrum’s 
bandwidth extends from 800 Hz to 2800 Hz. Phase distortion 
characteristics are within the limits specified in CCITT Recom- 
mendation V.26 bis. The out of band signal power limitations 
meet those specified by Part 68 or Tariff 261 of the FCC’s regula- 
tions, and typically exceed the requirements of international 
regulatory bodies as well. 


Data Encoding (DPSK) — At 2400 bps, differential four-phase 
modulation is used. The data stream is transmitted in pairs of 
consecutive bits (dibits). Each dibit is encoded as a phase 
change relative to the phase of the preceding signal element. 


The R24 implements the phase A and B recommendations of 
CCITT V.26. The modulation coding in Bell 201 modems is the 
same as V.26B. Definition of these coding arrangements is 
shown in the following table: 
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2400 BPS 
PHASE CHANGE 
V.26A V.26B/Bell 201 
09 *459 
4909 *1359 
*1809 42259 
+270° 43159 


ALTERNATIVE A 


o? T 


[s 


D 


АДАМА 


ALTERNATIVE В s^ gag 2290 om? 
ҚАЛАҒА 


Line Signal Diagram (V.26 А & В) 


At 1200 bps, differential two-phase modulation is used. Each 
bit is transmitted at a relative phase change to preceding signal 
element in acordance with CCITT V.26 bis. 

7 С т200вРе о 


_ PHASE CHANGE 
*909 
__ 22709 


Turn On Sequences — A total of twelve s twelve selectable turn оп 
sequences can be generated by the transmitter module. 


Turn Off Sequence — When the transmitter has been sending 
data and "Request to Send” is turned off, any remaining data 
bit information is transmitted within 6 milliseconds. 
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Ready for Sending (T106) Response Times — These response 
times are determined by the modem configuration selected and 
its associated turn on sequence. 


| Turn On Ready tor Sending 
Sequence Response 


Number Time 
t. 


Configuration and 
Carrier Type 


Switched Carrier — 4-Wire 
{Bell 201) 


8.33 msec Switched Carrier — 4-Wire 

30 msec CCITT — 4-Wire 

30 msec CCITT — 4-Wire with Scrambler 
90 msec CCITT — 2-Wire 

90 msec CCITT — 2-Wire with Scrambler 
148.3 msec Switched Carrier — 2-Wire 


148.3 msec Switched Carrier — 2-Wire with 
Scrambler 


220 msec CCITT — 2-Wire Echo Protection 


220 msec Switched 2-Wire Echo Protection 
with Scrambler 


800 msec CCITT — 2-Wire Auto Call 


800 msec CCITT — 2-Wire Auto Call with 
| Scrambler 


1 6.67 тзес 


Response Time tolerance ( + 0.9, -0.1} msec 


Scrambler/Descrambler — As a selectable option, the scrambler/ 
descrambler may be inserted into the transmitter/receiver path. 
The purpose of this scrambler is to ensure that the line signal 
will evenly span the allocated bandwidth. This minimizes pat- 
tern sensitivity problems arising from simple fixed and periodic 
data sequences. The scrambler is V.27 or V.27 bis/ter compatible. 


Carrier Detect (T109) — The modem receiver incorporates a 
line signal energy detector whose output responds to three selec- 
table threshold levels. 


Set 1 (V.26 bis, switched Greater than -43 dBm = ON 
network) Less than -48 dBm = OFF 
Set 2 (V.26 bis, switched Greater than -33 dBm = ON 
network) Less than -38 dBm = OFF 
Set 3 (V.26, leased line) Greater than -26 dBm = ON 


Less than -31 dBm = OFF 


Selectable T109 Response Times — This time is defined as 
the interval between the sudden connection or removal of the 
received line signal to the modems receive filter, and the subse- 
quent transition of Carrier Detect (T109) from one state to the 
other. 


Carrier Detect 
Transition Response Time 


OFF to ON 6 +1 т5 


lectabl 
(connection) 1441ms | Selectable 


ON to OFF 8+3 ms 
(removal) 2243 ms 


| Selectable 


Receive Level — The modem receives line signals from 0 to 
—43 dBm. 


Transmit Timing — The modem generates a Transmit Clock 
(T114) having the following characteristics: Frequency — 
2400 Hz + 0.19 (1200 Hz + .01% in fallback mode), duty cycle 
— 50 + 196. The modem is also optionally capable of tracking 
an External Transmit Clock (T113) supplied by the modem user. 
T113 has similar characteristics to T114. 


Receive Timing (T115) — The modem provides a data derived 
“Receive Clock” output in the form of a nominal squarewave 
(50 +1% duty cycle). The modem timing recovery function is 
capable of tracking a +0.01% frequency error in the associated 
transmit timing source. 


Transmitter Output Levels — This output can be strap con- 
trolled in 2 40.2 dB steps from -1 dBm +1 dB to –15 dBm 
+1 ав. 


Answer Tone Generation — The modem generates а selec- 
table answering tone of 2100 Hz + 0.01% or 2025 Hz + 0.01%. 
The 2100 Hz tone meets CCITT Recommendations G.161 and 
V.25, and the 2025 Hz tone meets Bell System requirements 
for both answering tone and echo suppressor disabling tone. 


Equalizer — As a strap option, the modem contains a fixed com- 
promise delay equalizer which can be used to improve perfor- 
mance over unconditioned schedule 3002 lines. This option is 
normally positioned in the receiver, but it can be repositioned 
in the transmitter or bypassed entirely. It is designed to com- 
pensate for the mean of the range of group delay distortions 
generally encountered in the United States. Its amplitude 
response is nominally flat at 0.0 dB. 


Test Pattern Generation — The scrambler/descrambler func- 
tion can be used to implement a 127-bit test pattern feature. For 
example, a constant mark input could be scrambled and 
transmitted as a pseudo-random signal to be descrambled at 
the receiver back to the constant mark. А transmission error 
would be represented as a space for the duration of an incor- 
rect bit. 


Multipoll Synchronization — The “new sync" (NSYNC) digital 
input can be pulsed to cause rapid resynchronization of the 
receiver for sequences of incoming messages. This feature is 
necessary in some polling applications. However, if the user's 
hardware/software does not support the use of "new sync" 
(NSYNC), then the optional "fast sync” (FSYNC) can be utilized 
to enable a fast resynchronization procedure. 


Selectable Clamping Options — 


1) Received Data (T104) — This output is clamped to a selec- 
table constant (space or mark) when ''Carrier Detect” is off, 
to prevent disturbances on the line from getting through the 
receiver to the data output. 


2) Carrier Detect (1109) Clamp — This output may be clamped 
OFF (squelched) in a 2-wire applications during the time when 
“Request to Send" (7105) is on. An additional option extends 
this clamp for 148 msec beyond T105 transitioning off, pro- 
viding echo protection. 
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Receive Clock (T115) — This clock output can be clamped 
OFF when "'Carrier Detect” is off, thereby preventing any 
disturbances from propagating through the receiver to the 
receive clock output. 
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SYSTEM DESIGN 


The R24 modem modules provide the user with sufficient flexibility 
to implement a wide range of modem functional configurations. 
This flexibility is achieved by digital control at the module inter- 
faces. For a given application, such as a lease network V.26 
Alternative В modem (Bell 2018), the complexity of the user inter- 
face can be significantly reduced by strapping those data inter- 
face inputs which do not change. The modem interface can also 
be under software control. 


Figures 1 and 2 show the basic interface connections for the 
transmitter module (Т) and the receiver modules (R1,R2). These 
diagrams are applicable for any operation mode of the modem- 
simplex, half-duplex, or full-duplex. 


COMMON MODEM DIGITAL 
CONTROLS 


М26А 


+5у +12у -12V СОМ S8GR 
| NSYNC 
T Џ + d = CLAMP 


Pu 
ANALOG «ТА 
TRANSMITTER 


А. MIT Т) 
TRANSMITTER) DIGITAL CONTROLS 


CAUTO 
TONA 
4 = TBC 
TRANSMIT ТЕТІ” DAC OUT 5 
и. T2WI/AW 
LEVEL CONTROL DIGITAL x 
ааа INTERCHANGE к 
_ м T103 x 
T105 T206 
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E im 
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Figure 1. Transmitter Interfaces 


+12V -12v COM 


ANALOG 3 | 
REC IN 


sanf Gt 


RECEIVER (Rt) 


DIGITAL 
} INTERCHANGE 
RECEIVER ( RBCK T104 
DIGITAL | iid 
CONTROLS T115 
R2WIAW RECEIVER. (R2) ‚ COMMON MODEM 
ae DIGITALCONTROLS 
СРО4 | 4 + 1 + V26A 
: = 5 
СР15 +5У +127 -12V сом дос Тана од DIAGNOSTICS І 
FSYG DUT SVG S8GR 
RCVDS NSYNC 
DCP CLAMP 


А 
РЕ 


Figure 2. Receiver Interconnection 


MODEM OPERATION — 
HALF OR FULL-DUPLEX 


Figure 3 indicates the module interconnections necessary for 
half-duplex operation. For full-duplex operation, the transmitter/ 
receiver interconnections are similar to the half-duplex case with 
the exception that "REC IN"' is not connected to T2 or T1. In 
full-duplex operations, the transmission and receiver paths are 
independent. 
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As shown, a transformer is sufficient to connect directly to a 
leased line in the U.S. For the switched network, registered pro- 
tective circuitry or a data access arrangement (DAA) is generally 
required. Rockwell offers an ЕСС registered protective circuitry 
product to support this application. Requirements for line inter- 
face and protective circuitry vary internationally. 


TOLEASED REC RECEIVER k= DIAGNDSTICS 
LINE OR IN 
TD SWITCHED . а= RECEIVER 
NETWORK 3 CONTROL 
ТЕ E — DATA (T104) 
M x _ V26A 
EAM — 1111 COMMON 
— S8GR MODEM 
БЕК: CONTROL 
CLAMP = — NSYNC 
%Т2 
o е * | а: TRANSMITTER 
R pn] ТВАМБМІТТЕН 7) CDNTROL 
OPTIONAL 
RESISTOR Te xem re је РАТА (T103) 
Figure 3. Transmitter-Receiver Interconnection (Half 


Duplex) 


Secondary Channel — The modem modules provide the user 
with all the interface connections needed to add an external 
secondary channel if required. This data transmission channel 
would operate at a lower rate, and in a different portion of the 
available bandwidth than the primary. Additional external receive 
filtering would also have to be added to allow simultaneous 
operation of the primary and secondary channels. 


Analog and Digital Loopback -- To check out or diagnose the 
communication link, loopback testing is often performed. A test 
word is transmitted and “Іоореа” back to the originating DTE. 
Typical types of loopback tests are: 


(Т) LOCAL DIGITAL (3) REMOTE ANALOG 


(3) LOCAL ANALOG D REMOTE DIGITAL 


MODEM 


LN хмт 
DTE Or-- 
27 RCVR 


MODEM 


5 А ПА REVR 
2 Se 
m 


COMMUNICATION 
CHANNEL 


DTE — Data Terminal Equipment 

The modem modules provide the user with all the necessary inter- 
faces connections to implement almost апу loopback scheme 
desired. With a minimum amount of external circuitry, loopback 
testing Can be controlled via a communications adapter/software 
approach or manuaily. For local analog, remote analog and 
remote digital loopback, the V.27 scramble’ within the modem 
can be used to generate a 127-bit word. 
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INTERFACE DESCRIPTION 
STANDARD DIGITAL INTERCHANGE 
Term 
{CCITT V.24 EIA RS232C _ Module Interface 
Equivalent) Equivaient nput utput Description 
T103 BA T9 Transmitted Data 
T104 BB 825 Received Data 
T105 CA тв Request to Send 
T106 св T6 Ready for Sending 
(Clear to Send) 
T109 СЕ А1-4 82-22 Data Channel Received Line 
Signal Detector (Carrier Detect) 
T111 CH Т.12, Data Signalling Rate Selector 
82-9 Selects 2400 bps or 1200 bps 
Моде 
1113 DA T3 External Transmit Clock 
(Transmitted Signai Element 
Timing) 
T114 DB T-10 Transmit Clock (Transmitted 
Signal Element Timing) 
7115 рр 82-6 Receive Clock (Receive Signal 
Шетеп! Timing) 
ANALOG LINE INTERFACES 
UU Module interface 
Tem nput шіру Description 
RECIN Н1-12 Analog Line Signal Input (Receive Filter 
input) 
T1 T4 Low Impedance Transmitter Output 
T2 T.2 Standard Transmitter Output 600 ohms 
impedance 
COMMON MODEM DIGITAL CONTROLS 
Moduie Interface 
_ Tem nput utput Description 
V26A Be Selects V.26A or V.26B Dibit Encoding 
А {ae 
R2.12 Controls for Scrambie Operation 
5868 AM 
R2-14 
NSYNC T.14 Controls T109 to Force Rapid 
R2-11 Resynchronization of the Receiver 
CLAMP R2-10 Т-13 Implements Squetch for Carrier Detect 
(T109) 
TRANSMITTER DIGITAL CONTROLS 
= Module interface 
Term три utpu Description 
CAUTO T3 Initiates Answer Tone 
TONA T5 indicates Completion of Transmission 
of Answer Tone 
TBC 1.4 Transmitter Baud Clock 
2 Т-28 Input Forcing Transmit Clock (T114) to 
Phase and Frequency Lock to External 
Transmit Clock (7113) 
T2W/AW | T-11 Inputs Affecting Ready for Sending 
x T-24 Response Times, Answer Tone Frequency 
K 1-25 and Carrier Detect (7109) Squeich 
Y T-26 
ТС06 T-27 
800MS Т.29 
Е T-30 


TRANSMITTER ANALOG CONTROLS 


Moduie interface 


Term три Utput Description 
DAC OUT T-22 Output of Digital to Analog Converter 
ТА. T-23 Input to Low Pass Filter. DAC OUT is 
Normally Connected to ТРИ. Unless 
Additional Filtering or an Equalizer is to be 
Inserted. 
TIN T31 These Nine Signals Implement the 
— tdBm T-39 Transmitter Output Level Attenuator. One of 
– 3dBm T-38 the Signals — tdBm,..., — 15dBmis 
— 5dBm 7-37 Strapped to TIN to Set the Desired Output 
~7dBm T-36 Level. 
—9dBm Т-35 
— 11dBm Т-34 
— 13dBmn T-33 
— 15dBm T-32 
RECEIVER DIGITAL CONTROLS 
Moduie interface 
Term input utput Description 
RBCK А1-1 82-25 Receiver Baud Clock 
RLSD R2-24 R1-2 | Control Signals to Generate Carrier Detect 
THRH В1-3 R2-23 t (7109) and Implement 7109 Threshold Set 
R2wi4w R28 Select Function 
THO9 А2-18 
ТС09 Н2-15 Determines Carrier Detect (T109) Off-to-On 
Response 
PBS R2-16 Determines Carrier Detect (T 109) On-to-Off 
Response 
CP04 В2-17 Ciamps Received Data (7104) to a mark 
or space when Carrier Detect (T109) is Off 
CP15 R2-19 Optionai Clamping of Received Clock (T115) 
FSYC R2-20 Fast Sync Optional Fast Resynchronization 


Procedure 


RECEIVER DIGITAL DIAGNOSTICS 


Moduie interface 
Term nput utput 


Description 


SYC R2-1 Digital Outputs which Enable User to 
RCVDS R2-2 Generate Eye Pattern and Phase Error 
DCP R24 Information 
A В2-3 
РЕ R2-7 
RECEIVER ANALOG CONTROLS 
Moduie interface 
Term nput utput Description 
RECOUT В1-7 Receive Filter Ouput 
EQ IN R18 Equalizer Input 
EQOUT R16 Equalizer Output 
RLSDIN R15 Carrier Detect Circuitry Input 
AGCIN  R221 Automatic Gain Control Circuitry Input 
AGC OUT R2-26 Automatic Gain Control Circuitry Output 
GAIN R1-10 |. Optional Carrier Detect (T109) Threshold 
G1 81-11 Selection Controls 
G2 R1-9 
ANALOG = R2-27 Sample and Hold Circuitry Input 


10-105 


124 


MODEM PERFORMANCE 


The R24 is a high performance synchronous 2400 bps DPSK 
modem, utilizing a coherent demodulation technique to achieve 
reliable operation over the switched network cr unconditioned 
lines. This section contains a quantitative discussion of the R24’s 
typical performance under varying test conditions. 


Timing Jitter — The maximum steady state timing jitter of 
“receive clock” with respect to “transmit clock" is less than 10% 
р-р for an input signal-to-noise ratio of 12 dB. 


Bit Error Rate — The following graph represents typical R24 
performance: 


BIT ERROA RATE 


4 5 6 208 9 30 N 2 B М 15 


SIGNAL ТО NOISE RATIO (081 


1200 8PS, BACK-TO-BACK, SCRAMBLER, NO EQUALIZER 

2400 BPS, У.26А OR В, SACK-TO-BACK, SCRAMBLER. NO EQUALIZER 

2400 BPS. У.26А OR B, 159-150 HZ PHASE JITTER, NO SCRAMBLER, NO EQUALIZER 
2400 EPS, V.26A OR 8, 309-170 HZ PHASE JITTER, NO SCRAMBLER, NO EQUALIZER 
2400 PBS, \/ 26А OR B, 3002 UNCON DITIONEO LINE, NO SCRAMBLER, EQUALIZER 


wens 


Typical Bit Rate Pertormance 


Phase Error — Phase error can be measured by using the 
modem’s output signals PE, SYC, and A. With an external test 
circuit, a numerical value can be derived to indicate the quality 
of received data. This numerical value can be directly correlated 
to bit error rate performance. The required test circuit can be 
implemented with discrete circuitry or in software within a 
microcomputer. 


Eye Pattern — By using the modems digital output signals 
RCVDC, SYC, and A along with an added test circuit, the user 
can generate an oscilloscope quadrature eye pattern. This pattern 
displays the received signal as a group of dots in the baseband 
signal plane; hence, it is a graphic representation of modem 
performance. 


2400 bps Integral Modem 


DISPERSIDN 
DUE TOGAIN 
ERRORS. 


DISPERSION DUE 
TO PHASE ERRORS 


DISPERSION AROUND 
PROPER POSITION DUE 
TO COMBINATION OF 
RANDOM NOISE. PHASE 
ERROR, AND/OR GAIN 
ERROR 


CIRCLE REPRESENTS 
PROPER POSITION OF 
HIGH QUALITY SIGNAL 


Typical Eye Pattern: 4 Phase-2400 bps-1200 Baud (V26A) 
Phase error and eye pattern can be extremely useful for modem 


acceptance testing, product evaluation, and observation of line 
signal quality under actual operation. 


ELECTRICAL CHARACTERISTICS 


POWER REQUIFIEMENTS 


r- “Т 
Г Maximum 
Module Voltage Ripple Current 
T +5 Мас +5% 100 mV р-р 38 mA 
+12 Мас +5% 50 mV p-p 16 mA 
-12 Мас +5% 50 mV р-р 48 mA | 
R1 +12 Мас £596 50 mV р-р 23 mA 
-12 Мас +5% 50 mV р-р 16 mA 
R2 +5 Мас 15% 100 mV рр бата | 
+12 Vde +5% 50 mV р-р 25 тА 
-12 Мас +5% 50 mV pp 78 mA 
Maximum total power consumption approximately 3 watts. 


| Typical total power consumption approximately 2 watts. 


DIGITAL INTERFACE 
The R24 provides LS TTL or CMOS compatible logic levels that 
are functionally equivalent to EIA RS232/449 and CCITT V.24. 


AHowed Input Voltage Levels 


-12.0V to *0.8V Sinking «10 uA 
*4.0V to +5.0V Sourcing «10 uA 


Digital inputs are directly CMOS compatible. Interfacing with 
standard TTL or low-power Schottky TTL requires an external 
pull-up resistor. 


Output 
Logic Allowed Output Voltage Levels 
Low 0.0V to +0.4V Sinking 2.36 mA 
| High + 4.0V to +5.0\ Sourcing 100 4A 


Digital outputs are directly CMOS or low-power Schottky TTL 
compatible. 


R24 
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TRANSMISSION LINE INTERFACE 


The R24 provides an analog interface that must generally be 
transformer coupled to ensure normal telephone line isolation. 
Through appropriate selection of transformers and other inter- 
face circuitry, the R24 can be configured to operate on leased 
or dial-up telephone lines, or on other special private networks. 
For the dial-up interface, Rockwell offers an FCC registered 
module that allows direct connection to this network. For the 
leased line interface, only transformers with characteristics 
similar to those utilized on the R24 modem evaluation board are 
required for this connection. 


The receiver and transmitter line interfaces are single-ended 
(non-transformer coupled) signals with the following 
characteristics: 


Transmitter Output (Normal) 


Output Impedance: 600 ohms +2% 
Maximum output level: <0.0 dBm 


Transmitter Output (Alternate) Low Impedance: 


Output Impedance: 0 ohms (op amp output) 
Maximum output level = +6.0 dB 


Note: This output for transformer loss compensation. 
Receiver Input: 


Input Impedance: 15.8K ohms + 1% 
Maximum Input Level: 0.0 dBm 


MECHANICAL SPECIFICATIONS 


.300 МАХ. 
(COMPONENTS) 


100 
.080 + 007 


MAX. 
(LEAD PROTECTION) 


NOTE: This cross-section is common to all modules. 
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-12У (18) 
: 12V (19) 
COM 120) 

:5V i21) 

DAC QUT (22) 

TFIL (23) 

X (24) 

К (25) 

У (26) 
TCO6 (27) 
Z (28) 
800М5 (29) 
E (30) 


15dBm (32} 
-13dBm (33) 
11dBm 134) 
9dBm 135) 
-?dBm 136) 
-$dBm 137) 
3dBm (38) 
14Вт 139) 


.025 (.64) SQ. PIN 
39 PLACES 


521 9) 
GAIN (10) 

61011) 
REC IN (12) 


iB) EQ IN 
(7) REC OUT 
(6) EQ OUT 

(5) RLSD iN 

(4) T109 
(3) THRH 
(2) RLSD 
(11 RBCK 


1.900 
(48.26) 


12V (13) 
"123 (14) 
COM 115) 


.025 (.64) SQ. PIN 
15 PLACES 


AGC IN (21) 88- 
7109 (22) i 
THRH {23} 
RLSD (24) 
FSYC RBCK |25) 
019) Cels AGC OUT (26) 
(1B) THOS IANALOG (27) 
(17) СРО4 
{16} PBS 
(15) 1609, 
(14) SB 
(13) V26A 2200: 
a2! 63.50) 3. 
(11) NSYNC | 3 930 
(10) CLAMP (89.66) 
{ 9} 7111 МАХ. 
{ В) R2W/4W 
{ 7) РЕ 
( 611115 
{ 5) 1104 
{ 4) DCP 
{ 2| Rcvos 
(2 
ве sv ов +-|--- 
COM (29) 
12У (30) 
12% (31) 


.025 (.64) 50. РІМ 
31 PLACES 


Receiver — R2 Module Package 


NOTES: 1) Dimensions in inches (millimeters). 
2) Component side shown 
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PRINTED CIRCUIT BOARD MOUNTING 
OPTIONS FOR THE R24 MODULES 


Three methods of mounting are commonly used. Each configura- 
tion has certain distinct advantages. 


Mounting 
Method 


Type of Connection 
or Connector Used 


Basic 
Advantage 


Standard Flush 
PCB Component 
Mount 


Above Board 
Low Profile 
Socket 


PCB Plug-in 
Sockets (Bullets) 


LLL 


Wave Soldered into Standard 
PCB Eyelets 


Connectors (SAE Series 
3000 ог Methode Series 1000) 
These Sockets are Wave 
Soldered Into Standard 

PCB Eyelets 


Connectors (AMP Miniature 
Spring Sockets.) 

Pin Sockets are Individually 
Soldered Into PCB Eyelets 


+ 


Lowest Height 
Profile 


Plug-in Capa- 
bility at Low 
Cost 


Lowest Pro- 
file for Plug-in 


Capability 


L 


ENVIRONMENTAL SPECIFICATIONS: 


Operating temperature: 0°C to 60°C 
Storage temperature: -409С to +80°C 
Relative humidity: to 95% (non-condensing) 
Altitude: -200 to 10,000 feet (-6.1 meters to 3,049 meters) 
Burn-in: 96 hours at 70°C 


Ordering Information 


When ordering, specify products as follows: 


R24 — Set of 3 modules (T, R1, R2) 
R24MEB — Modem Evaluation Board 
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R24 MODEM EVALUATION BOARD 


To facilitate evaluation and design-in of the R24 modem for new 
and existing equipment designs, an R24 Modem Evaluation 
Board (R24MEB) is available. The R24MEB can be easily com- 
bined with terminal systems for real-time performance 
evaluation. 


RECEIVER 


TRANSMITTER 


R24 Modem Evaluation Board (R24MEB) 


The Modem Evaluation Board is equipped with a standard 31 
pin edge connector, control switches, output level jumper, and 
interface transformers. These features allow full control of the 
interface circuitry. In addition, this unit can be used directly in 
a U.S. leased line configuration. The R24MEB is recommended 
for all first-time users to assist in their evaluation. Complete 
documentation is supplied with each initial R24MEB. 


6% 


Rockwell 


R24MEB 


integral Modems 


R24MEB 


MODEM EVALUATION BOARD 


INTRODUCTION 


To aid the user in the design phase of leased line modems, 
Rockwell has made available the R24 Modem Evaluation Board 
(MEB). The R24MEB is a convenient cost effective means for 
evaluation and design-in of the R24 2400 bps Integral Modem. 


The Modem Evaluation Board is equipped with pin receptacles 
for mounting and interfacing the three R24 receiver and transmit- 
ter modules (R1, R2 and T). In addition to all interconnections 
being etched on the back of the board, the R24MEB also pro- 
vides telephone coupling transformers, transient protection cir- 
cuits, DIP switches (for option selection and gain control) and 
a DIP socket for jumper selection of the transmitter output level. 
А 31-pin edge connector (with Industry standard 0.125 inch con- 
tact centers) provides pin-in/pin-out, as well as power connections 
for analog and digital interface signals. 


These features allow full control of the modem interface circuitry. 
Also, the complete R24 modem can be used directly in a U.S. 
leased line configuration. The R24MEB is recommended for all 
first-time users to assist in their evaluation. Complete documen- 
tation is supplied with each initial R24MEB. 


FEATURES 


• Convenient evaluation method of R24 Integral Modem 
modules 

Exercises all R24 Integral Modem features 

Easily integrated into a prorotype system 

Cost effective for low-volume applications 

Will serve as incoming test vehicle 

Standard board edge connector 

Pin receptacles for easy mounting/interfacing R24 modules 
(R, Р2, T) 

* Complete option select switches 

• Transmitter output level strap selectable 

* Backed by complete customer support documentation package 


R24MEB Modem Evaluation Board 


————ÓÁ— ———À I — À— —— — — 


Document No. 29220N14 


Product Summary No. 614 
Rev. 1, August 1983 


А24МЕВ Modem Evaluation Board 


OPTION 
SELECT 
SWITCHES 
53, 54 


EQUALIZER 
CONTROL 
SWITCH 


7 —71 
GAIN R24 R24 1 TRANSMIT 
CONTROL RECEIVER RECEIVER TRANSMITTER LEVEL 
INTERFACE INTERFACE INTERFACE CONTROL 


SWITCH 
51 | NETWORK 


Р1 


IMPEDANCE 
COUPLING 
RESISTOR 


INPUT OUTPUT 
> 2 > ЕЁ TRANSFORMER TRANSFORMER 
a хао T1 
* * - о T2 
TR 
INPUT/OUTPUT CONNECTOR ІРІ) 
n n у 
INPUT ANALOG DIGITAL ANALOG 
POWER RECEIVER (INTERFACE TRANSMITTER 
INPUT OUTPUT 
R24MEB Functional Diagram 
ORDERING INFORMATION BOARD DIMENSIONS 
When ordering, specify products as follows: Width: 5.875 in. (14.923 cm) 


Depth: 6.813 in. (17.305 cm) 


R24MEB — Modem Evaluation Board 
R24 — Set of 3 modules (Т, R1, R2) 
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RDAA 


ROCKWELL DATA ACCESS 
ARRANGEMENT MODULE 


PRELIMINARY 
SECTION 1 — INTRODUCTION 


This document is an aide to customers installing, operating and 
troubleshooting the Rockwell Data Access Arrangement (RDAA) 
Module designed and manufactured by Rockwell International. 


THE RDAA MODULE 


The RDAA Module enables the modem user to make direct con- 
nections of their modems to the domestic switched telephone 
network. The RDAA is completely registered with the Federal 
Communications Commission under Rules Part 68. Therefore, 
no user re-registration of OEM data communication equipment 
is necessary when used with the RDAA. This means a definite 
cost-savings for the OEM equipment designer. 


In addition to establishing your desired data transmission path, 
the RDAA also features an automatic answering function, line 
surge and hazardous voltage protection, switch hook status 
indication, ringing indication and automatic signal level control. 
Automatic dialing can be performed by pulsing the OH relay or 
by transmitting tone pairs. 


FEATURES 


e Pre-registered (under FCC Rules, Part 68) for direct connec- 
tion to dial telephone network 


Integral Data Access Arrangement (DAA) 

Automatic dialing—pulse or tone 

Establishes data transmission path 

Automatic answering function 

Surge and hazardous voltage protection 

Switch hook status indication 

Hinging indication 

e Automatic line signal output limiting 

e Programmable or Permissive (strap selectable) connection 
arrangements 

e Small size (approximately 3.95" by 3.94") (100 mm. by 

100 mm.) 


RDAA Module 


ини 


Document Мо. 29220N49 


Product Description Order No. 649 
August 1983 


RDAA 


The RDAA is easily incorporated into the users end product by 
either using the provided mounting holes, and/or using the card- 
guides without card-edge connector. The smail size of the RDAA 
makes it ideal for piggyback type mounting. 


The Rockwell RDAA printed circuit board is 3.94 inches (100 
mm.) in width and 3.94 inches (100 mm.) in depth. 


SELECTABLE CONFIGURATIONS 


As a prerequisite, telephone companies require that the signal 
level received at their local central office not exceed - 12 dBm. 
Several different connection arrangements have been estab- 
lished (аз documented in the FCC Rules, Part 68) to meet this 
requirement. 


By jumper selection (Figure 1) the RDAA can be configured to 
operate in either the Programmable (PG) or Permissive (PM) 
connection arrangement. This is accomplished by placing the 
jumper in either the W2 or W1 locations for the desired mode. 
W1 jumper in, W2 jumper out for the permissive mode. W2 
jumper in, МА jumper out for the programmable mode. 


3.94 3.275 


RDAA Module Jumper Selection Location 


Figure 1. 


When using the Programmable connection arrangement, the 
maximum signal level allowed to be transmitted across T and 
Ris set by a resistor installed by the telephone company in their 
wall jack (RJ45S or RJ41S) at the customer location. The resistor 
interacts with the RDAA through the leads PR and PC to pro- 
gram the maximum output level in one dB steps between —12 
dBm and 0 dBm. Selection of the resistor from thirteen possible 
values is based on loop loss measurements performed by the 
telephone jack installer. The Programmable arrangement pro- 
vides for the transmission of the maximum allowable amount of 
power. Therefore, this arrangement offers optimum perfor- 
mance over long loops. 
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When the Permissive connection arrangement is employed, the 
maximum signal output level across T and Ris fixed at —9 dBm. 
The Permissive jacks (RJ11C) used for line connections are the 
same jacks used for standard voice installations. Therefore, this 
arrangement provides for greater mobility of user equipment. 


RDAA DIMENSIONS 


The dimensions for the RDAA Module are given in Figure 2. 


MATING CONNECTORS 
The mating connectors of the RDAA are as follows: 


1. Two row (14 pins) ribbon type connectors .1" spacing between 
pins. 


3.94 3.275 


ooooooU 
o 


9000000 


Figure 2. RDAA Module Dimensions 


RDAA Rockwell Data Access Arrangement Module 
SECTION 2 — INTERFACE DESCRIPTION 


INTERFACE CIRCUIT DESCRIPTION 


The following paragraphs describe in detail the RDAA interface 
circuits shown in the block diagram (Figure 3) and the interface 
circuits listing (Table 2-1). 


$00 OFM TRANSMIT GAIN 
BUFFER ADJUST 
RECEIVE 
BUFFER 


он HAZARDOUS 
RELAY VOLTAGE 
CONTROL PROTECTION 


RING SIGNAL 
DETECTOR AND LEVEL 
BUFFER LIMITER 


CUT. THROUGH 
CONTRDL 


Figure 3. RDAA Functional Block Diagram 


Table 2-1. RDAA Interface Circuits 
Signal Direction To: 


Transmission leads for data signals. 
Leads to telephone set switch hook. 
Leads to programming resistor. 


Signal ground required. 

Ringing signal present indication. 

To request data transmission path cut through. 
To control ОН-Ноок relay. 

Status of telephone set switch hook. 
Transmission path cut through indication. 
Lead to modem output. 

Lead to modem input. 
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АОАА 


5а 


The SG (Signal Ground) is the common reference for all modem 
interface signals. 


RD/ 


RD/ (Ring Detect) indicates to the user by an ON (Low) condi- 
tion that a ringing signal is present. The RD/ signai will not 
respond to momentary bursts of ringing less than 125 ms in dura- 
tion, or to less than 40V rms, 15 to 68 Hz appearing across Tip 
and Ring with respect to ground. RD/ is also used to disable 
the transmission path. The electrical characteristics of the RD/ 
signal are shown in Table 2-2. 


Table 2-2. Output Signals RD/ 
SH and CCT/ Characteristics 


Output 


Logic State Output Levels 


0.0 to 0.4V while sinking « 1.6 ma 
2.4 to 5.0V while sourcing < 40 uA 


HIGH 


RCCT 


RCCT (Request Coupler Cut-Through) is used to request that 
a data transmission path through the RDAA be connected to 
the telephone line. When RCCT goes OFF (Low), the cut-through 
buffers are disabled and CCT will go OFF (High) within 1 millisec- 
ond. RCCT must be OFF (Low) during dial pulsing but ON (High) 
for tone address signaling. The electrical characteristics of the 
RCCT signal are shown in Table 2-3. 


Table 2-3. Input Signals RCCT and OH Characteristics 


Input 
Logic State 


OFF or LOW 
ON or HIGH 


Input Levels 


0.0 to 0.8V, load current = 0.36 ma 
АССТ = 2.0 to 5.0V, load current = 20 ua 
ОН = 2.0V, load current = 100 ма 
5.0V, load current « 250 ua 


OH 


OH controls the OFF-HOOK relay. Applying an ON (High) signal 
to OH closes the OH relay and establishes a DC path between 
T and R. Maximum delay between the ON signal to OH and the 
close of the OH relay is 10 ms. When originating a call, an ON 
(High) signal is used to request dial tone. After detecting dial 
tone, OH can be pulsed to generate the dial pulses corre- 
sponding to the number of the called station (see Section 4.2). 
On incoming calls, an ON (High) signal to the OH lead initiates 
the answering sequence (see Section 4.1). The characteristics 
of the OH signal is shown in Table 2-3. 
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NOTE 


WARNING. If OH is asserted to a logic high before the 
incoming call ring signal is completed, the OH reed relay 
Switch contacts may suffer degradation. 


SH 


An ON (High) signal on the SH lead indicates to the user that 
the associated telephone (if used) is in the talk mode i.e., a con- 
tact closure exists between MI and MIC. The characteristics of 
the SH signal are shown in Table 2-2. 


CCT/ 


ССТ/ is the Coupler Cut Through. An ON (Low) signai to the 
CCT/ lead indicates to the user that the data transmission path 
through the RDAA is connected. The ON (Low) state does not 
indicate the status of the telephone line or connection. The 
characteristics of the CCT/ signal are shown in Table 2-2. 


TXA 


TXA (Transmit Analog) is the lead from modem transmitter out- 
put. This lead should be tied to GND мћел the modem is in the 
receive only mode. 


RXA 


RXA (Receive Analog) is the lead to modem receiver input. This 
lead may be left open when the modem is in the transmit-oniy 
mode. 


POWER REQUIREMENTS 


The following power must be provided at the RDAA interface. 
А. +12 VDC £596 @ 15 ma with a maximum ripple of 50 mv 
peak-to-peak 


+5 VDC +5% @ 20 ma with а maxiroum ripple of 100 mv 
peak-to-peak 


. —12 VDC = 5% @ 15 ma with a maximum ripple of 50 mv 
peak-to-peak. 


HAZARDOUS VOLTAGE PROTECTION 


Lightning induced surge voltages and other hazardous voltages 
are limited to 10.0 volts peak between the secondary leads of 
the coupling transformer T1. The isolation between the relay 
contacts and coils provides the protection of the telephone line 
from hazardous voltages appearing on any control lead. 


RDAA 


RING DETECTOR AND TIMER 


When the Ring Detector detects the presence of a ringing signal 
ranging from 15.3 to 68 Hz with voltage levels of 40 to 150 VRMS 
across Tip and Ring (T and R) leads, after a delay of 125 ms 
to 500 ms, it will send an RD/ (Ring Detect) signal to the user's 
data terminal equipment (DTE). If the DTE is conditioned for 
answering, the DTE will return an ON signal on OH and RCCT. 
The OH signal closes the OH relay and starts a timer. The timer 
is used to provide a quiet interval of more than two seconds 
between the closing of OH relay and the connection of data 
transmission path. This allows the telephone company to prop- 
erly engage their billing equipment. After this delay the CCT/ 
interface lead goes ON (Low) and data transmission may begin. 


RD/ will go OFF (High) in less than 400 MSEC after the ringing 
signal is stopped. The ring detector is disabled when OH is ON 
(High) or SH is ON (High). 


SIGNAL LEVEL LIMITER AND GAIN 
CONTROL CIRCUITRY 


The limiter monitors the signal level applied to the RDAA input 
lead TXA and is unaffected by the level of receive signal. When 
the applied signal amplitude becomes greater than + 7 dBm for 
a period of 1.3 to 3 seconds, the transmission path is discon- 
nected via the transmit and receive buffers, and the output signal 
ССТ/ will go OFF (High). 


NOTE 


The off-hook relay is not affected by the limiting function, 
therefore, so triggering the limiting function need not result 
in call termination. 


Reducing the input signal amplitude to less than +7 dBm will 
reset the limiter in less than 4 milliseconds, restore the data 
transmission path, and cause the signal CCT to go ON (Low). 


іп order not to activate the limiter during normal operation, care 
must be taken to ensure that the maximum signal amplitude into 
the RDAA input TXA never exceeds +6 dBm. | the modem 
output has a tolerance of + 1 dB, then it is recommended to set 
the modem output to +5 dBm (+ 1 dB), so that the maximum 
signal amplitude into TXA is 6 dBm. 
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The output control circuitry contains a variable gain buffer which 
reduces the RDAA output to the maximum allowed level across 
T and R. When the RDAA is jumpered to operate in the Pro- 
grammable mode, the resistor in the telephone company wall 
jack sets the output level to one of thirteen possible values. If 
the RDAA is jumpered to operate in the Permissive mode, then 
an internal resistor will set the output to a fixed value. The rela- 
tionship between the RDAA input amplitude (in dBm) across 
TXA and GND and the nominal RDAA output level across T and 
R is given below: 


A. For Programmable mode: output level across T and R = 
(input amplitude at TXA - 7 dB + (Programmed level set by 
wall jack resistor). 


B. For Permissive mode: output level across T and R = (input 
amplitude at TXA) - 16 dB. 


IMPEDANCE SPECIFICATIONS 


On-Hook DC: The DC resistance between T and R, 
and between either T or R and signal 
ground are greater than 10 megohms 


for DC voltages up to 100 volts. 


On-Hook АС: The on-hook AC impedance 
measured between T and R is less 


than 40K ohms (15.3 Hz minimum). 


Off-Hook DC: Less than 100 ohms, 


Off-Hook AC: 600 ohms nominal when measured 


between T and R. 


2 megohms typical (operational 
amplifier voltage follower input 
impedance). 


TXA and GND: 


RXA and GND: 75 ohms typical (operational amplifier 


voltage follower output impedance). 


INSERTION LOSS 


There is no insertion loss for the RDAA. The RDAA contains a 
receive buffer which compensates for transformer insertion loss. 
For this reason, additional receive buffering is not necessary. 


RDAA 
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SECTION 3 — INSTALLATION/CHECKOUT 


RDAA CONNECTION TO TELEPHONE LINE 


Connection of the telephone line interface pins of the RDAA to 
the network shall be made via standard jacks and plugs as 
shown in Figure 4. Cable color codes are also shown in Figure 
4. A number of telephone line cord manufacturers produce the 
standard plugs and cables (Meyer Wire Co., Hamden, CT; Vir- 
ginia Plastics, Roanoke, VA, etc.) 


BLACK 


REO 


GREEN 


YELLOW 


BROWN | 


SILVER 
STANDARD RDAA PROGRAMMABLE 
CABLE MOOE 
BLACK 
е м 
RED 
в 
СВЕЕМ RDAA 
T 
YELLOW 
міс 
STANDARD STANDARD RDAA PERMISSIVE 
PLUG CABLE Е 


82415 IS A UNIVERSAL JACK WHICH 
CAN BE UTILIZED WITH EITHER 
THE PROGRAMMABLE MODE OR 
FIXED LOSS LOOP (FLLI MODE 


TELEPHONE SET AND JACK 
ORDERING INFORMATION 


If it is desirable to have manual call origination or alternate voice 
capability, an exclusion key telephone set may be ordered from 
a local telephone company. The telephone line may be trans- 
ferred to the telephone set by lifting both the handset and the 
exclusion key, if the telephone is configured as Data Set Con- 
trols Line. This operation is for manual origination or alternate 
voice transfer (refer to paragraph 4.4 for manual origination pro- 
cedure). A call may be terminated by replacing the handset in 
its cradle and taking OH low if OH is not already low. 
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Figure 4. Standard Jacks, Plugs and Cable Color Codes 
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6 POSITION 
MINIATURE PLUG 


АОАА 


The ringer of the telephone set may be disconnected Бу the 
telephone company to prevent the bell from ringing. 


The telephone company provides an exclusion key telephone 
under the Universal Service Order Code (USOC) RTC. This tel- 
ephone set has the following customer options: 
. A1 - Telephone set controls line 
. A2 - Data set controls line 
. ВЗ - Aural monitoring not provided 
. B4 - Aural monitoring provided (See Note 1) 
C5 - Touch tone dial 
C6 - Rotary dial 
. D7 - Switch hook indication 


толтоосшс"> 


. D8- Voice mode indication only (See Моје 2) 


NOTES 


1. The aural monitoring feature allows the telephone 
handset to be used for listening to line signals without 
interfering with data transmission. 


. In this option the make contact of the exclusion key and 
a make contact on the switchhook are connected in 
series and to the mode indication leads MI and MIC of 
the data jack. Therefore, the SH signal of the RDAA 
goes ON only when the exclusion key is lifted. 


Table 3-1. 


Output 
Configuration 
Programmable with AMQ9SQ 
Telephone Set 67943 
DP-E 
Without AMQ9SQ 
Telephone Set 67943 
DP-E 
Permissive with AMQ9SQ 
Telephone Set 67943 
DP-E 
Without AMQ9SQ 
Telephone Set 67943 


DP-E 


Notes: 


costs less. 


of lines required when ordering. 


1. RJ36X is an 8 position miniature jack into which the telephone plugs. Rather than using ап RJ36X jack, the telephone company may use а 
connecting block to connect the telephone set and data jack to the telephone line. 

2. RJ41S is a universal data jack. it may be used for either Programmable or Fixed-Loss Loop mode. The RJ45S jack is preferred, because it 

. For multiple connections, the RJ45M jack should be ordered. The letter М indicates multiple single line jack for up to 8 lines. Specify the number 


. RJA2X is the adapter shown in Figure 3-1. The use of the RJ36X and RJ16X jacks is recommended. 
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When ordering this telephone, specify the USOC number RTC 
and the following options: 


A. А2 - Data set controls line 


. B3 - Aural monitoring not provided 
ог 
B4 - Aural monitoring provided 

. СБ - Touch tone dial telephone (503C) 
or 
C6 - Rotary dial telephone (2503C) 


D. D8 - Voice mode indication only 


Another telephone set provided by the telephone company is 
the Mode! 502 with exclusion key. To order this telephone set, 
specify the following: 


A. Modem 502 with exclusion key 
B. Data set controls line 
A summary of the information for ordering telephone and jacks 


is given in Table 3-1. Examples of typical installation are given 
in Figure 3-2. 


Telephones and Jacks Ordering Information 


Optional Fcc Ringer Telephone Jack Telephone Set 
Telephone Set Reg. No. Equivalent USOC No. USOC No. 


'RJ36X and 
?3RJ45S 


RTC or 502 
with exclusion key 


?3RJA45S N.A. 


1RJ36X and RJ16X 
or 

^RJA2X and RJ11C 

RJ11C 


RTC or 502 
with exclusion Key 


МА. 


RDAA Rockwell Data Access Arrangement Module 


ТО ОТЕ 


OH ACCT RD/ SH CCT/ 


OUTPUT 


MODEM TO DTE 


STANDARD 
MINIATURE 
PLUG 


BRIDGING 


TO NETWORK TRANSFORMER 


RTC 
OPTIONED FOR РАТА ФЕТ 
CONTROL DF THE LINE 


NOTES: 

. МІ AND МІС ARE REQUIRED ONLY IF HANDSET IS USED. 

. PR AND PC ARE REQUIRED FOR PROGRAMMABLE MODE ONLY. 

. STANDARD TELEPHONE CO. PROVIDED JACK RJ16X, RJ45S OR РЈ415. 

. RJ38X OR CONNECTING BLOCK IS REQUIRED ONLY IF TELEPHONE HANDSET IS USED. WHEN THE RDAA 
IS IN THE PERMISSIVE MODE, THE RJA2X ADAPTER AND RJ11C OF FIGURE 4 MAY BE USED WITH THE 
ASSOCIATEO TELEPHONE SET. 


Pon 


Figure 5. Transmit and Receive (Half Duplex) and (Full Duplex) 


MODEM INTERFACE 


There are 4 possible two-wire modes of operation configura- C. For the transmit-only configuration, the RDAA lead RXA is 
tions: receive-only, transmit-only, and receive and transmit (half left open rather than connected to the modem receiver as 
duplex) and full-duplex (using two different frequencies simul- shown in Figure 5. 


taneously) as described below: 


A. For the half-duplex and full-duplex configurations, the inter- For a 4-wire full-duplex configuration, 2 ROAA modules and 2 
face connection circuitry could be as shown in Figure 5. telephone lines are required. The connection circuitry consists 
of one 2-wire receive-only connection, and one 2-wire transmit- 


B. For the receive-only configuration, the connection circuitry is . 
only connection. 


the same as that shown in Figure 5, except that the RDAA 
input lead TXA is grounded rather than connected to the 
modem transmitter output. 
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MODULE MOUNTING AND SECURING 


Тһе АРАА may be physically incorporated into the OEM's end 
product by using the four corner (0.156 inch diameter) mounting 
holes and self-locking plastic standoffs, or by bolting the RDAA 
module to a rigid structure. The RDAA module may also be 
mounted using card guides without card edge connector. 


A number of manufacturers such as Richlock Corporation, Chi- 
cago, IL., produce plastic standoffs (Part Number CBS-3N). 


ELECTRICAL INTERFACE 


Electrical connection to the RDAA module is made through 
ribbon type connectors. The connector(s) interface pins (Figure 
2) are contained on the component side of the board. There are 
two test points brought out to the interface connector of the 
board. Therefore care must be taken to prevent shorting test 
points with any of the other interface signals. 


The RDAA telephone line interface connector pins are physically 
separated from the RDAA DTE interface connector pins, as 
shown in Figure 2 and described in Table 3-2. 


Table 3-2. RDAA Telephone and 
Modem Interface 


RDAA 
Connectors/ 
Pin No. 


Type 
Interface 
Circuit 


Interface 
Circuit/Signal 


DTE 
Interface 


Connections TP2 EXCESSIVE 


POWER DETECT 
+12\ 
+5V 
N/U 
TP1 BILLING 
DELAY TIME 


Р1-4 
Р1-3 
Р1-1 
Р1-2 
Р145-8) 8 (11-12) (Not Used) 
Р1-9, 10 R 
Р1-13, 14 T 


Telephone 
Line 
Interface 
Connections 
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Care must be taken in routing the telephone interface pins to 
the telephone jack. The FCC (Rules, Part 68) requires that the 
telephone interface leads shall be separated from the leads or 
metallic paths connecting to power connections. 


NOTE 


Power connections are those connections between com- 
mercial power and any transformer, power supply rectifier, 
converter, or other circuitry associated with the RDAA. 
The connection of the interface pins (including the x 12V 
and +5\) shown in Figure 2 are not power connections. 


The telephone interface leads shall not be routed in the same 
cable (or use the same connector) as leads or metallic paths 
connecting to commercial power. 


FCC (Rules, Part 68) also requires that the telephone leads T 
and R be separated from metallic paths to leads connecting to 
non-registered equipment, when specification details provided 
to FCC do not show that the interface voltages are less than 
non-hazardous voltage source limits in Part 68. T and R shall 
not be routed in the same cable (or use adjacent pins on the 
same connector) as metallic paths to leads which are not con- 
sidered non-hazardous. All DTE interface connector signals 
shown in Table 3-2 have been established as non-hazardous. 


Therefore, in routing the telephone interface leads from the 
RDAA P1 connector to the telephone jack, the following pre- 
cautions must be strictly adhered to. The telephone jack inter- 
face routing path should be as direct as possible. Any cable 
used in establishing this path should contain no signal leads 
other than possibly the (previously established as non-haz- 
ardous) DTE interface signals shown in Table 3-2. Any con- 
nector used in establishing this path should contain no 
commercial power source signal leads, and adjacent pins to the 
T and R (Tip and Ring) pins in any such connector should not 
be utilized by any signals other than possibly those shown in 
Table 3-2. Also the DTE interface routing path should be made 
as short as possible. 


INSTALLATION PROCEDURE 


A. Check the telephone line interface cable(s) plug(s) and jack(s) 
(Figure 4). If the USOC RJ418 jack is used for the Program- 
mable mode, ensure that the jumper М/2 is installed and мл 
jumper is removed for the programmable mode of operation. 


. Make sure the telephone company installer has measured 
the loop loss correctly and has selected the proper program- 
ming resistor in the АЈ455 or RJ41S jack. 


NOTE 


You have the right to know the method used by the 
installer for measuring loop loss and selecting the pro- 
gramming resistor. 


RDAA 


C. Check the power supplies to see if they meet the proper 
requirements specified in paragraph 2.2. 


D. Insert the telephone cable plug into the jack, and make the 
DTE interface connection. Then switch on the power supplies. 


OPERATIONAL CHECKOUT PROCEDURE 


The following procedures check out the RDAA in association 
with a modem, a data terminal, a telephone set and an auto- 
matic dialer. The telephone set is required only in the manual 
origination mode (refer to paragraph 4.4) or if alternate voice 
communication is desired. The automatic dialer is required огу 
in the automatic dial mode (refer to paragraph 4.3). 


AUTOMATIC ANSWER MODE 
А. Set the modem transmitted output level to +5 dBm. 
B. Call the local modem from a remote station. 
C. Follow the instructions given in Figure 6. 

D 


. Transmit data from the local terminal to the remote terminal 
and monitor the CCT/ signal. It should stay low. 


E. Terminate the call sequence and verify the received data. 


AUTOMATIC ORIGINATE MODE 
A. 
B. 


Set the modem transmitted output level to +5 dBm. 


Follow the procedure of Figure 8 for touch tone origination 
or Figure 7 for pulse dial origination. 


C. Transmit data from the local terminal and monitor the CCT/ 


signal. It should stay low. 


D. Terminate the call sequence and verify the received data. 


MANUAL OPERATION MODE 

А. Set the modem transmitted output level to +5 dBm. 

B. Follow the instructions given in paragraph 4.4. 

C. Transmit data from the local terminal. CCT should stay low. 


D. Terminate the call sequence and verify the received data. 


SPECIAL INSTRUCTIONS TO USER 


Your Rockwell Data Access Arrangement has been registered 
with the Federal Communications Commission (FCC). To comply 
with the FCC regulations you are requested to observe the 
following: 
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All direct connections to the telephone lines shall be made 
through standard plugs and jacks as specified in Figure 4 
and Table 3-1. 


. It is prohibited to connect the RDAA tc pay telephones or 


party lines. 


. You are required to notify the local telephone company of 


the connection or disconnection of the RDAA, the make, the 
modem number, the FCC registration number, the ringer 
equivalence number (refer to Table 3-1) and the particular 
line to which the connection is made. If the proper jacks are 
not available, you must order the type of jacks to be used 
from the telephone company. (Refer to Table 3-1 for the 
proper jacks and telephones.) 


. You should disconnect the RDAA from the telephone line if 


it appears to be malfunctioning. If the RDAA needs repair, 
return it to Rockwell International. This applies to equipment 
both in and out of warranty. Do not attempt to repair the unit 
as this will violate the FCC rules. 


. The RDAA contains protective circuitry to prevent harmful 


voltages being transmitted to the telephone network. If how- 
ever, such harmful voltages do occur, then the telephone 
company has the right to temporarily ciscontinue your ser- 
vice. In this case, the telephone company shall: 


1. Promptly notify you of the discontinuance. 


2. Afford you the opportunity to correct the situation that 
caused the discontinuance. 


3. Inform you of your right to bring a complaint to the FCC 
concerning the discontinuance. 


. The telephorie company also has the right to make changes 


in their facilities and services which may affect the operation 
of your equipment. However, you shall be given notice in 
writing by the telephone company adequate to allow you to 
maintain uninterrupted service. 


. Labeling Requirements: 


1. The FCC requires that the following label be prominently 
displayed on an outside surface of the OEM's end product: 


Unit contains Registered Protective Circuitry 
which complies with Part 68 FCC Rules 


FCC Registration Number: 


Ringer Equivalence: .8B 


2. The size of the label should be such that all the required 
information is legible without magnification. 


RDAA Rockwell Data Access Arrangement Module 
SECTION 4 — OPERATING INSTRUCTIONS 


IDLE 


AUTOMATIC ANSWER 


The connection of the data transmission path for automatic OH & RCCT - ON 
answer is as described in paragraph 2.4. To disconnect the data | 
transmission path, just turn off OH and/or DA, as shown in 


Figure 6. 


TECT DIAL TONE 
DETECT DIAL 


“ОН & RCCT · ОМ 


2-SECOND MINIMUM DELAY 


RCCT - OFF2 


ccr; - OFF? 
OH PULSES FOR NO. 


DETECT ANSWER ТОМЕ” 


ail ON 


em R TONE 


DATA en 


"ОН & қ 41 ОҒҒ 


сет! ОРЕ 


М 


DATA TRANSMISSION 


OH & RUM OFF 
EE OFF 


М 


*DA МАУ ВЕ ON PERMANENTLY FOR AUTOMATIC ANSWER. NOTES: 

. DIAL TONE DETECTION 1$ NOT PROVIDED WITHIN THE RDAA. 
ALTERNATIVELY, DTE MAY START FROMIDLE, TURN ON OH, 

Figure 6. Automatic Answering Sequence THEN TIME FOR 3 SECONDS TO ENSURE DIAL TONE PRESENT 

AND PULSE OH FOR NUMBER. 

DA MUST BE OFF DURING DIAL PULSING. DA MAY BE ON AT 

ALL OTHER TIMES. 

THE DA TO CCT RESPONSE TIME IS LESS THAN 1 MS. 

ANSWER TONE DETECTION CIRCUITRY IS NOT PROVIDED 

WITHIN THE RDAA. 


= 


ta 


Ре 


AUTOMATIC DIAL 


DIAL PULSE ORIGINATION Figure 7. Dial Pulse Origination Sequence 

The DTE must provide the logic to turn ON the OH and DA 

leads, detect dial tone (or time for 3 seconds to ensure dial tone face with Voiceband Ancillary and Data Equipment" 
present), then tum OFF the DA lead and generate the dial (PUB 47001). 

pulses corresponding to the called number (Figure 7). The 

2-second delay period between OH and DA going ON and the The following is an example for pulse dialing the digit *2 through 
response of CCT going ON will not be invoked in the origination the OH lead. 


mode. The DTE should monitor for call progress indication (dial 
tone, busy tone, answer tone, and call intercept). 


Requirements for proper call establishment exist on the pulse УБУМАКЕ 

repetition гаје (8 to 11 pulses рег second), off duty cycle 

(60 percent nominal), interdigital delay timing (600 ms to fos Mie 
2 seconds) and chatter and spurious makes and breaks. The 
RDAA off-hook relay is a Reed relay designed to long life. Bell ONHOOK | OF F-HOOK VWYEROIGITAC 
System requirements for pulse and touch-tone dialing are Е КЕ НИЯ 
described in their Communications reference "'Electrical 

Characteristics of Bell System Network Facilities at the Inter- 


ОМ/ВВЕАК 
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The OH lead can be pulsed directly via microprocessor port, or 
а commercially available “binary to dial pulse” LSI device such 
as the Rockwell CRC 8000, the General Instrument AY-5-9151 
series, or the Motorola MC 14408. These devices can accept 
4-bit binary digital inputs, buffer these digits, and output the OH 
dia! pulses upon command. Also available from numerous 
semiconductor manufacturers (National, Mostek, General 
Instrument, Motorola, etc.) are LSI devices capable of inter- 
facing directly to а key board and producing suitable dial pulses. 


TOUCH-TONE ORIGINATION 


The user's terminal must provide the logic to turn ON the OH 
and RCCT signals, detect the dial tone (or time for 3 seconds 
to ensure dial tone present) and transmit the tone-address 
signals via the TXA lead (Figure 8). The 2-second delay period 
between OH and RCCT going ON and CCT/ going ON is not 
invoked in the origination mode. The DTE should monitor for 
call progress indications (dial tone, busy tone, answer tone, and 
call intercept). 


It should be noted that tone address signaling method is sig- 
nificantly more complicated in terms of hardware requirements 
than simple: pulse dialing. The necessary tone pair generators 
must be added by the user. A number of semiconductor man- 
ufacturers produce monolithic LSI tone generators (AMI, Mostek, 
Motorola, National, General Instrument, Intersil, etc.). These 
tone pair generators are designed to interface with keyboards 
or digital ports and may require varying degrees of additional 
low pass filtering to reduce harmonic distortion. Touch-tone 
dialing is significantly faster than pulse dialing, but it may not be 
available in some locations. 


IDLE 


*OH & ОА - ON 


**DETECT DIAL TONE 


TRANSMIT TONE 
ADDRESS SIGNALS 


***DETECT ANSWER ТОМЕ 
DATA TRANSMISSION 


*ОН & ОА - OFF 


ССТ - ОЕЕ 


IDLE 


*ОА MAY ВЕ PERMANENTLY ОМ. 


**ALTERNATIVELY, USER MAY TIME FOR 3 SECONDS TO 
ENSURE DIAL TONE PRESENT. 


*** ANSWER TONE DETECTION CIRCUITRY IS NOT PROVIDED 
WITHIN THE RDAA. 


Figure 8. Touch-Tone Origination Sequence 
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Вей System requirements exist on minimum and maximum tone 
pair transmit power for proper call address signaling. When the 
RDAA is in the programmable mode, the gain of the RDAA 
transmit leg is set by а programming resistor in the telephone 
jack (over thirteen possible values). This makes establishment 
of the tone pair signal level to be input to the RDAA (at TXA) 
which meets the Bell System requirements difficult. It is there- 
fore necessary to operate the RDAA in the Permissive mode for 
touch-tone origination. In this event the proper input power level 
(per frequency pair) to the RDAA (at TXA) would be + 15 dBM 
(nominal). This level is well above the RDAA automatic 
limiter threshold. But the RDAA limiter activates (cuts off trans- 
mission path) only if threshold power level is continuously 
exceeded for about one second minimum, and quickly resets 
itself if the power level drops below threshold. If the tone pair 
duration time is restricted to significantly under one second (the 
minimum duration requirement is only 50 milliseconds) and the 
minimum interdigital time requirement (45 milliseconds) is 
observed, the limiter will not be activated. These requirements 
are easily met if the tone pair generation is under logic control. 
If the generation is controlled via keyboard input, the limiter will 
be activated if а key is depressed and held for more than a 
second, but will recover during the interval between key clo- 
sures. However, the possibility exists that transients occurring 
at limiter activation and resetting may endanger proper сай 
origination. 


AUTOMATIC CALLING UNIT 


Automatic dialing capability may also be added to a data trans- 
mission system simply by purchasing or leasing a separate box 
termed an "Automatic Calling Unit" (ACU). Such units are avail- 
able from a variety of manufacturers. ACU's are available uti- 
lizing pulse or tone dialing. Connections of ACU to the data 
transmission system may be different for different ACUs. The 
standard protocol involved in interfacing between the users 
data terminal equipment and an ACU is documented in CCITT 
Recommendation V.25 and also in EIA Standard RS-366. 
"Interface Between Data Terminal Equipment and Automatic 
Calling Equipment for Data Communication." It should be re- 
emphasized that a separate ACU is not necessarily required for 
automatic dial capability. The RDAA and some external hard- 
ware and/or software (as previously described) can suffice. 


MANUAL ORIGINATION 


For manual origination a telephone set with an exclusion key 
must be ordered from the local telephone company (refer to 
Table 3-1). After lifting both the handset and the exclusion key, 
a call may be originated or answered ir the same manner as 
normal telephone service. When the handset and the exclusion 
key are lifted (MI is shorted to MIC), the signal SH is turned ON. 
If the user's data terminal is ready, it may respond with OH and 
RCCT. The RDAA will then turn ON the CCT/ signal. When 
answer tone is heard, the operator replaces the handset in its 
cradle. the SH signal will go Low and the data transmission path 
is connected. When data transmission is completed, the terminal 
turns OFF the OH signal and returns to the idle state. 


RDAA Rockw 


ell Data Access Arrangement Module 


SECTION 5 — FAULT ISOLATION 


CUSTOMER REPAIR LIMITATIONS 


Under the FCC Rules, no customer is authorized to repair an 
RDAA module. In the event of an RDAA malfunction, return the 
faulty RDAA to Rockwell International. | is recommended that 
the following fault isolation instructions provided in this section 
be performed prior to returning a suspected RDAA module. A 
periodic check of the DC power supplies is also recommended. 


ANSWER 


STATION 
E 


ves 


<=> 


NO «ТОМЕ AT REMOTE 
“ 


FAULT ISOLATION 


The fault isolation flow chart (Figure 9) has been prepared spe- 
cifically as an aid to the user for locating possible network and/ 
or RDAA module malfunctions. 


NETWORK 
ов 
АРАА FAULT 


RDAA OR 
NETWORK 
FAULT 


MOOEM INTER 
FACE OR DTE/ 
MOOEM FAULT 


RDAA 
FAULT 


TRANSMIT OATA 
es 


MODEM INTER. 
FACE OA ROAA қола. 
FAULT 
ves 


PHONE 
INSTALLED 
? 


MOOEM 
RDAA ОК 


ROAA FAULT 


YES 
REDUCE 
MOOEM RDAA FAULT 
OUTPUT LEVEL 


NO 


YES ROAA FAULT 


MDOEM INTER 
FACE OR OTE/ 


MOOEM FAUL 


T 


Figure 9. RDAA Fault Isolation Flow Chart 
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Т-1 АМО Т-1/СЕРТ РСМ 
(PULSE CODE MODULATION) PROTOCOL DEVICES 
Meet AT&T and CCITT Standards 


Rockwell International is the first company producing LSI 
devices for supporting the commercial digital switched 
network. The 24 or 32 digitized channels meet AT&T and 
CCITT standards. 

This means it is now possible to design T-1/CEPT 
systems using LSI instead of discrete devices. This results 
in а much lower parts count, lower power requirements, 
smaller size and significant cost reductions. It also means 
an increase in reliability. 

Using our LSI devices, the 24 or 32 channels of 64K bps 
information and signaling are multiplexed over a single pair 
of wires. All data are transmitted serially, along with framing 
bits, at 1.544 to 2.048M bps. At the receiving end frame, 
superframe, and channel synchronization is accomplished, 


with signaling information outputted and the 24 or 32 
channels uniquely identifiable. 

Transmission in digital format instead of analog has 
inherent ability to perfectly regenerate the signal even after 
noise in the phone network. The TTL compatible devices 
operate from a single 5V power supply. 

For specialized memory for digital PBX and other 
telecommunication applications, tri-port memory devices 
are also available. These allow random read and sequential 
read simultaneously, and, allow addressing sequentially 
or randomly. They support either time or space division 
switching as well as elastic storage applications when 
transmission and write Speeds differ. 


Rockwell LSI Devices Provide— 
• Parts Count Reduction 

• Cabling Reduction 

• Cost Reduction 
• Increased Reliability 

• Increased Performance 


A 


Rockwell 


OVERVIEW 


The Tri-Port Memory circuit is designed to function as an 
assembly point and temporary storage area for 8-bit T-1 data. 
It provides 64 8-bit locations of on-chip random access memory 
which can be accessed via external addresses or internal 
sequential addressing. 


TRI-PORT MEMORY OPERATION 


Тһе Tri-Port Memory device accepts 8-bit parallel input data on 
lines A through H. This data is stored in an internal memory loca- 
tion that is selected by either random address lines RO1 through 
R32 or by the device's Sequential Address Counter. Write Select 
signal WSEL determines the source of the address; in the logic 
Ostate, WSEL selects the random address, in the logic 1 state, 
WSEL selects the internal sequential address. 


The state of Write Enable signal WE determines whether or not 
the data on lines A through H will be written into memory. Data 
will only be written into memory when WE goes low (to a logic 
0 stete) and the address inputs have stabilized. 


The on-chip, six-bit Sequential Address Counter is a binary 
Counter that increments on each positive transition of Sequen- 
tial Clock (SCLK). When the Counter attains binary 111111, the 
next positive transition on SCLK will clear it to binary 000000. 
The Counter will also be cleared unconditionally if Reset signal 
RST has been set to logic 0 when the positive transition of SCLK 
occurs. 


The Sequential Read Enable signal, SRE, enables sequentially- 
addressed read operations. If SRE is logic 0, the sequential 
accessed data outputs (SA through SH) will become valid within 
430 ns after the next positive transition on SCLK. If SRE is logic 
1, and 350 ns have elapsed since the positive transition of SCLK, 
the sequential accessed data outputs will become valid 80 ns 
after the negative transition of SRE. The sequential read data 
will cease to be valid 100 ns after the negative transition of SRE 
or 20 ns after the next positive transition of SCLK, becoming 
valid with the content of the next sequential location within 
430 ns of that SCLK transition. 


The Random Read Enable signal, RRE, enables random- 
accessed read operations. If RRE is logic 0, the random 
accessed data outputs (RA through RH) will become valid within 
380 ns after the random address lines have stabilized. If RRE 
is logic 1, and 300 ns have elapsed since the random address 
lines have stabilized, the random accessed data outputs will 
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R8040 


T-1 TRI-PORT MEMORY 


FEATURES 


64 x 8 bit static memory 

Single +5V supply 

Two totally independent read ports 

Multiple Read access time < 430 ns (worst case) 
Selectable random- or sequential-address Write operation 
On-chip sequential address counter 

Tri-state drivers, for chip-selectable bus operation 

40-pin plastic dual in-line package 

LSTTL Schottky-compatible (12KQ pullup, to drive CMOS) 


APPLICATIONS 


Time-division Multiplex (TDM) digital switching data and control 
stores 


TDM sequential machines 

Elastic stores 

Hardware/Software control interfaces 
МО Buffers 


“NOTE: РІМ 34 HAS AN OUTPUT SIGNAL APPLICABLE ONLY 
TO ROCKWELL TESTING, MAKE NO CONNECTION TO THIS 
PIN. 


Pin Configuration 


Data Sheet Order No. 306 
Rev. 3, August 1983 


88040 Т-1 Tri-Port Memory 


become valid 80 ns after the negative transition of RRE. The іп the case of a same location read/write cycle, the sequential 
random accessed data outputs will cease to be valid 100 ns after and/or random data outputs will cease to be valid after a negative 
a positive transition of RRE or 20 ns after the random address transition of WE, and will become valid with the newly-written 
input lines change, becoming valid with the contents of the contents within 340 ns of that transition. Control of this parameter 
newly-addressed location within 380 n$ after the random address minimizes external circuitry required for resolution of read-write 
inputs have stabilized. contention. 


RECOMMENDED OPERATING CONDITIONS 


Minimum Setup/Hold Times 


Setup Hold 
Signal Measure ta ns Measure to ns 
SCLK | МЕ | 300 МЕ | 
WSEL we | 280 we } о 
RO1-R32 we | 250 we | 0 
АН wet 150 We 1 100 
RST SCLK | 180 өсік! 0 
Minimum Pulse Widths 
Signal Minimum Pulse Width 
WE (=0) 170 ns 
SCLK 220 ns 


SEQUENTIAL COUNTER RESET SETUP AND HOLD TIMING 
ВЕЗЕТ _ 
(RST) 777 
- SETUP > 180 BEN М e- HOLD > 0 
SEQUENTIAL — 
CLOCK 
(SCLK) 


READ OUTPUTS AT SAME LOCATION AS WRITE 
(ALL OTHER INPUTS STABLE) 


DATA 
OUTPUTS 


ж- OLD DATA NEW DATA —> 


NOTE: RANDOM WRITE ALWAYS AFFECTS RANDOM READ OUTPUTS; 
SEQUENTIAL WRITE ALWAYS AFFECTS SEQUENTIAL READ OUTPUTS. 


EITHER WRITE WILL AFFECT THE OPPOSITE READ OUTPUT. IF, AND ONLY 
IF, THE RANDOM ADDRESS AND SEQUENTIAL ADDRESS ARE EQUAL. 
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R8040 T-1 Tri-Port Memory 


WRITE SETUP AND HOLD TIMING 


je отн >220 №-——= 
SCLK 
ИЕ WSEL = 1) 

— WIDTH > 220 NS 


SETUP > 300М5------ — [-4— HOLD > 0 
WRITE 
SELECT — -- 
(WSEL) 
— SETUP > 280 М5-----» = ке HOLD > 0 
DUK ум“ ү MV УУ_________-___-_ _ 
ИЕ WSEL = 0) 
I —— setur > 250 NS——» — ++ HOLD > 0 
WRITE DATA 


(A-H) 


|. зет нор NS ИШ 
>150 № > 

WIDTH 
4———- > 170 NS 


RANDOM READ (RRE = 0, WE = 1) 


RANDOM 
ADDRESS 
{901-932} 


RANDOM VVV VV V УХХ- - 
mana САТА ХХХ-----------ХХ А АУАҒА: 


SEQUENTIAL 
| CLOCK 
(SCLK) 


20 NS 
(TSA) 430 NS м MIN. "m 


ууу ХХ 


READ PORT ENABLE/DISABLE (ADDRESS STABLE, WE = 1) 


READ ENABLE \ / 
(RRE OR SRE) 

| 80 NS МАХ. (TPE) =- (TPD) poem NS MAX. 

DATA OUTPUT 

(RA-RH OR SA-SH) 
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88040 Т-1 Tri-Port Memory 


Propagation Delays 


Parameter Max 
Random Read Access Time 380 
Sequential Read Access Time 430 
Read Port Disable (to HI-Z) 100 
Read Port Enable 80 
Same-Location Read After Write 340 


МЕТЕ DATA. 


R32 RANDDM ADDRESS INPUTS 


авв 4 ТОҒ 64 

UT реса READ 
RANDOM 
ADDRESS 


DECDDER 


RANDOM 
READ PORT 


WSEL 
90“ = RANDOM 


512BIT 
MEMORY 


DECDDER E NN ~ 


SEQUENTIAL 
ADDRESS COUNTER 


SEQUENTIAL 
READ PORT 


ТОҒ 64 
READ 

SEQUENTIAL [C — > 
ADDRESS 
DECDDER 


Tri-Port Memory Block Diagram 
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R8040 T-1 Tri-Port Memory 


MAXIMUM RATINGS* 


*NOTE: Stresses above those listed may cause permanent 


Parameter Symbol Value 
damage to the device. This is a stress rating only and functional 
Supply Voltage V +4.75 to +5.25 tis 
да y 2 pe operation of the device at these or any other conditions above 
Operating Temperature Тор 0 to +70 those indicated in other sections of this document is not implied. 
Storage Temperature Төте -5510 +150 Exposure to absolute maximum rating conditions for extended 


periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(Мор = %5У +5%, Vss = OV ТА = 25°C) 


Г Рагатејег Symbol 


Input Logic “1” Voltage 
Input Logic “0” Voltage 


ШЕ Input Logic “1” Voltage 
Output Logic “0” Voltage 


Output Source Current 
Output Sink Current 


Input Capacitance 
Output Capacitance 
Power Dissipation (at 25°C) 
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R8040 Т-1 Tri-Port Memory 


PACKAGE DIMENSIONS 


———M— 


060 |=. .790 
:065 (032 ВЕР. 150 "020 | 600 
7045 
.125 
.110 
ETE 110. 


NOTE: Pin No. 1 is in lower left corner when 
symbolization is in normal orientation 


N 


Rockwell 


R8050 
T-1 PCM Devices 


R8050 


T-1 SERIAL TRANSMITTER 


DESCRIPTION 


The Rockwell T-1 Зепа! Transmitter formats data to be 
serially transmitted according to T-1 D2 or T-1 D3 specifi- 
cations, inserting framing and signalling bits along with 24 
channels of 8-bit channel data. The T-1 Serial Transmitter 
also provides for alarm reporting via the Bit 2 inhibit method 
or, with minimal external logic, via the multiframe alignment 
signal (Fs) modification method. 


Figure 1 is a functional block diagram of the T-1 Serial Trans- 
mitter. The Mod 193 counter is driven by the clock at 1.544 
MHz and is either synchronized to the driving system by input 
signal SYNCIN or provides synchronization via output signal 
SYNOUT. Input signal FRSYNC applies synchronization to 
a Mod 12 counter, which identifies the frame of the 12-frame 
multiframe being processed. 


The input data register latches data during each bit period, 
when the 8th bit of a channel sample is being transmitted. 
The data selector outputs the proper sequence of bits, as 
controlled by a bit count and frame count. 


The zero channel monitor function causes Bit 8 or Bit 7 to 
be transmitted as a "one" if the channel data sample is all 
"zeros." Input INH provides a means to inhibit the zero 
channel monitor function. Input B7OPTN controls the partic- 
ulars of the insertion method. 


Two types of transmit formats are provided, a binary output 
and a paired unipolar output. The unipolar pair provides a 
means to externally create a single bipolar output with min- 
imal logic. 


FRSYNC > 


B7OPTN 
TEST 
FRSYNC 
SBIT 
сав 
5578 
UNPLRA 
UNPLRB 
GND 
BINOUT. 
SYNOUT 
LOOP 
SYNCIN 
BCH 


Pin Configuration 
FEATURES 


е Single 5V supply, low power Schottky TTL compatible. 
e Accepts 8 bits of parallel data as input. 


e Generates output as 193 bit serial data stream in T-1, D2, 
D3 or D4 Mode 3 data format. 


e Provides a channel and frame timing signal. 
• Provides alternate control for alarm reporting and signalling. 


e Provides automatic bit insertion for all-zero channel 
samples. 


T-1 TRANSMITTER INPUTS 


Any input < 0.8V = logic 0, low. Any input = 2.0V = logic 
1, high. The transition from a low level to a high level is called 
a rising edge, while the converse is defined as a falling edge. 


Jig CHCLKF 


[3 
ш 
Е 
е 
© 
ш 
с 
5 
ЕЗ 


> SYNOUT 


Figure 1. 
Document №. R8050D 


T-1 Serial Transmitter 
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FRSYNC: Frame Synchronization 


Frame sync allows external synchronization of the trans- 
mitter's internal frame counter. When FRSYNC becomes 
high, the frame counter is directly set to frame 1, the first of 
the twelve frames. If FRSYNC is held high and does not 
return to zero before a rising edge of CLOCK, the subse- 
quent states of BINOUT, UNPLRA and UNPLRB are high, 
high and low, respectively, regardless of the states of any 
other inputs. The latter mechanism is useful for device and/ 
or board testing only and will cause bit errors and/or bipolar 
violations if used during field operations. See Figures 6 and 7. 


SYNCIN: Synchronization Input 


SYNCIN allows external synchronization of the internal 
Modulo 193 bit/channel counter. When SYNCIN becomes 
high, the Modulo 193 counter is directly set to the state cor- 
responding to the output of the framing (Е; or F,) bit. The 
first bit of channel one will be output оп BINOUT (and 
UNPLRA or UNPLRB) as a result of the first rising edge of 
CLOCK following the return of SYNCIN to logic 0. See Fig- 
ures 5 and 7. 


TEST: Rockwell Device Test Input 


Used only for Rockwell device testing. Keep this input 
grounded. 


CLOCK: T-1 Clock 


Maximum frequency = 1.6 MHz 

Minimum pulse width — 275 ns 

The T-1 bit period is bounded by the rising edges of this 
input. 


INH: Inhibit Zero Channel Monitor 


If INH is high, the zero channel monitor function is disabled, 
and Bits 7 and 8 are transmitted per corresponding inputs 
received. See Table 1. 


For channels in signalling frames (6 or 12) in which the first 
Six data bits and the signalling highway are all "zero," BIT 
7 will be forced to one if INH is low. For any frame except 
a signalling frame Bit 8 or Bit 7 as selected by B7OPTN will 
be transmitted as a "one" if the channel input data is "zero" 
and INH is low. 


BITS 1-8: Parallel Channel Data Inputs 


Bit 1, the sign bit, will be serially transmitted first, followed 
by Bits 2 through 8. The falling edge of CHCLKF indicates 
input channel data has been clocked into the input register 
and always occurs during the transmission of the final bit (Bit 
8) of each channel data sample. 


ACH: "A" Channel Highway Signalling 


ACH allows the user to transmit one bit of signalling per 
channel as Bit 8 of each channel data sample in Frame 6 
only. ACH is clocked into the input register by the falling edge 
of CHCLKF. Refer to Table 1 and Figure 4. 
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T-1 Serial Transmitter 


ВСН: "B" Channel Highway Signalling 


BCH allows the user to transmit one bit of signalling per 
channel as Bit 8 of each channel data sample in Frame 12 
only. BCH is clocked into the input register by the falling edge 
of CHCLKF. Refer to Table 1 and Figure 4. 


S-BIT: Multitrame Signalling ВК 


SBIT, in conjunction with CCIS, provides an alternate way 
to control the ти тате signalling bit (F;) transmission. The 
S-Bit input is transmitted as the ти кате signalling bit (Fs) 
if CCIS is held high. Refer to Table 2. 


ALARM: Local Alarm 


Used for reporting alarm conditions. If the ALARM signal is 
high, Bit 2 (the most-significant bit) of every channel data 
sample of every frame is transmitting as a zero. This is com- 
monly called remote alarm signalling. ALARM is clocked into 
the input register at the falling edge of CHCLKF. Refer to 
Table 1 and Figure 4. 


LOOP: Loop Strap 


Provided to aid testing of user applications. When enabled 
to a high level, LOOP forces the unipolar outputs to transmit 
alternating ones and zeros, regardless of input conditions, 
while BINOUT continues to provide normal data outputs. 
Refer to Figure 3. 


CCIS: Common Channel Interoffice Signalling Strap 


Provides optional control for replacing the automatic Е; pat- 
tern with a 4-kilobit common channel signalling path. When 
CCIS is high, the SBIT input replaces the Fs pattern and the 
insertion of ACH and BCH is suspended. The CCIS input 
may also be used to provide the alternate method of alarm 
reporting. See Figure 4. 


B7OPTN: Bit 7 Option 


Provides Bit 7 as an alternate bit position for "one" stuffing, 
as programmed by the zero channel monitor function. Refer 
to Table 1. 


VSS, VDD: Ground and Power 


Von = +5 +0.25 Мас 
Vss = Ground, 0 Мас 


T-1 Transmitter Outputs 


Low power TTL Schottky compatible. “1” = 2.4 Мас, "0" < 
0.4 Мас, СМО5--12КО pullup to Voo required. 


SSTB: 4 kHz Signalling Channel Strobe 


SSTB is the least-significant bit of the frame counter. Unless 
it is directly set by FRSYNC, SSTB will go high as each 
framing bit (F+) is serially transmitted, and will return low as 
each multiframe alignment signal (Fs) is transmitted. Refer 
to Figure 2. 


R8050 


T-1 Serial Transmitter 


SYNOUT: Channel Sync Output 


SYNOUT provides a means to synchronize to the internal bit 
counter (Mod 193). SYNOUT is high for one bit time, begin- 
ning just prior to the first data bit of a frame being serially 
transmitted. Refer to Figure 8. SYNOUT is the only output 
determined by the falling edge of CLOCK. 


CHCLKF: Channei Clock False 


The falling edge of CHCLKF, occurring as Bit 8 of any 
channel is being serially transmitted, indicates input data has 
been clocked into the input register. With the exception of an 
extra bit period extending the low level duration at frame bit 
time, CHCLKF is a divide-by-eight of CLOCK. Refer to Figure 
2. 


BINOUT: Serial Data Output, Binary Formatted 


BINOUT is the binary formatted serial conversion of the par- 
allel input data. The programmed format of BINOUT follows 
Tables 1 and 2. 


BINOUT is synchronously transmitted as a high level if 
FRSYNC remains high during the rising edge of CLOCK. 
Refer to Figures 6 and 7. 


UNPLRA, UNPLRB: T-1 Serial Data Unipolar Outputs 


Two paired unipolar outputs are provided for the purpose of 
creating a single serial data output transmission in bipolar 
format. The unipolar output register toggles for each “one” 
bit to be serially transmitted. UNPLRA and UNPLRB are 
transmitted as complements for “one” data bits and as low 
levels for “zero” data bits. See Figure 3. 


The input signal LOOP, if high, forces the unipolar outputs 
to toggle every bit time, regardless of input data. 


FRSYNC perturbs the current bits being transmitted by 
UNPLRA and UNPLRB. If FRSYNC remains high during the 
rising edge of CLOCK, UNPLRA will be transmitted as a high 
level and UNPLRB will be low. Refer to Figures 6 and 7. 


Table 1. Serlal Channel Sample Output Data Truth Table 


Inputs X = don't care 


B7OPTN 
BIT 1 
BIT 2 
BIT 3 
BIT 4 
BIT 5 
BIT 6 
BIT 7 
BIT 8 
ACH 
BCH 


о | х 


: (1) ALARM = 1 has the same effect as ВІТ 2 = 0 
( 
( 


Current 
Frame 
Number 


Eee ee з 


NOTES 


2) P, С, В, S, T. Ц and V may not Simultaneously be zero, unles А, B or М is 1 
3) Y is any frame # 6 and # 12 with CCIS = 0, or all frames with CCIS = 1 
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R8050 T-1 Serial Transmitter 


Table 2. Framing Bit (Е; & Е.) Output Data 


Frame Processed | ЕЕ OO 
Number Bit ССІ5 = 0 ccis = 1 
NN ee ee Ок у {ез a с: SBIT 
3 Е, 0 0 
4 Fs 0 ~ 
6 Е, 1 SBIT 
(SS правни заа пен 0 2o БС 
› 2 уос —— 
Я сыкы а ыш ш заа SBIT 
11 F; 0 0 
12 Fs 0 (NOTE Dc. SBIT 


Notes: (1) Alternate remote alarm reporting may be accomplished by holding SBIT and CCIS both high just prior 
to initiation of Frame 12. 


(2) Ер bit insertion is automatic and no optional control is provided. 
lr ve a 


(same T LTE АРА УРОТА E Да ПЕ ра ВО 0 ра ра р LEET 
с раваљавававквавававвававвававављва 
CHCLKF TR | SAMPLE CH. 1 ее РЕ CH. 2 ЕЕ 
a- CH. 24 = on pa CHANNEL 1 — — — — JM]«— — CHANNEL 2 ———— — — > 

Fs 


252 


hange) —Á———— C ---- 


(horizontal scale c 


ACH Repiaces BIT 8 in Frame No. 6 


ВСН Repiaces ВТ 8 in Frame i 


pipi 


0 


FRAME NUMBER 


See Fig. 7 


зв [Г Ee uu ү [Г ү Гу ГТ ЖЕКЕ 


FRSYNC* ая = | --------- 
өседі 4 + 4 4 A4 A 48 4 4 4 4 МЕС. РЕ. 


"POSSIBLE POSITIONS ТО НЕ-ІМҒОНСЕ INTERNAL SYNCHRONIZATION. 


Figure 2. Transmitter Input-Output Signal Relationships 
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88050 Т-1 Serial Transmitter 


doe SL Le Pied 
LOOP СК a сы 


BINOUT | 
UNPLRA 


UNPLRB 


Figure 3. Transmitter Binary, Unipolar Outputs 


CHCLKF 


BIT1-BiT 8, 
ACH, BCH, 
ALARM 


BINOUT 
BIT NO. 


INH, 
ВТОРТМ 


Figure 4 (b). LOOP Input Timing 


Х ышат X мна нак 
BINOUT Х СН 24, BIT 7 A СН 24, ВІТ 8 A Ж CH 1, ВІТ 1 A^ 


(SEE NOTE) 
ccis 


NOTE: CCIS WAVEFORM SHOWN FOR ALTERNATE ALARM REPORTING METHOD. CCIS SHOULD BE 
ACTIVE JUST PRIOR TO FRAME 12. UNDER THESE CONDITIONS, SBIT HIGH WOULD REPORT 
THE REMOTE ALARM. 


Figure 4 (c). Control Input Timing 
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88050 T-1 Serial Transmitter 


3 ———————À 
CLOCK N / En ug m 

SYNCIN he 7 xe s | 
вмоот X Аму BIT PS CH 1, BIT 1 d CH 1, BIT 2 =e 


Figure 5. SYNCIN Timing Relationship 


m СЕ Esc M a 


tss ..-- tsn 
FRSYNC 


SSTB ЖЕСІРІ 
Baie yy сш = 
E ex cm, S е 


Figure 6. Non-return-to-zero FRSYNC Timing 


= ts 


гаа WEN. 


CLOCK 


FRSYNC (1 PULSE PER 2316 CLOCKS) 


(Return to zero) 


SYNCIN | | (1 PULSE PER 193 CLOCKS, MAX) 
a Рат === may change 
CH 23 CHANNEL 1 FRAME 1 
FRAME 12 
талт, ХУ: V ХХХ ХУ: ) 
BINOU 7 3 
T X—X * EX АА ACUNS ААА А —X 2 ХХ У 
SSTB Bon И) 
CHCLKF NN YW, 
SYNOUT Т NN 


Figure 7. Transmitter External Synchronization (Return-to-zero FRSYNC) 
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T-1 Serial Transmitter 


Table 3. input Timing 


-----ү---------.------------------------- 
Г | мп мах | Unit 
H = 
hs Buffered Data Setup Time 450 ns 
ћи Buffered Data Hold Time 0 п5 
tos Control Input Setup Time 400 ns 
tou Controt Input Ноја Time 20 ns 
ts Asynchronous Control Input Setup Time 350 ns 
ін Asynchronous Control Input Hold Time 20 ns 
tas SYNCIN Setup Time 200 ns 
tan SYNCIN Hold Time 20 ns 
SYNCIN Pulse Width 100 ns 
tss Frame Sync Setup Time (Return to Zero) 250 ns 
[09 Frame Sync Ноја Time (Return to Zero) 20 ns 
Frame Sync Pulse Width 200 ns 
ss Frame Sync Setup Time (Non-Return to Zero) 525 ns 
| бн Frame Sync Hold Time (Non-Return to Zero) 20 | ns 


Tabie 4. Output Propagation Delay, Worst Case 
(Measured from Rising Edge of Clock Uniess Stated Otherwise) 


Output 


Max Delay 


SSTB 
SYNOUT 
Ref from Falling 


Edge of Clock 
CHCLKF 
BINOUT 
UNPLRA 
UNPLRB 


MAXIMUM RATINGS* 


Parameter 
Supply Voltage 


Operating Temperature 


Storage Temperature —55 © +150 


*4.75 © +5.25 


ELECTRICAL CHARACTERISTICS 
(Vpp = 5.0 +5%) 


500 
. 500 


500 
500 
500 
500 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions 
above those indicated in other sections of this document is 
not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


Е 
Рагатеїег Symbol Min Max Unit 
Logical "1" Input Voltage |__ Мон 20 Vpp + 03 у | 
Logicical “0” Input Voltage Гм -o3 | 08 у 
Logicical “1” Output Voltage Vou =I: 2.4 - У 
E Logic “0” Output Voltage Е VoL — 0.4 Hl у | 
| Output Source Current d Юн – 100 | - 21 ҺА 1 
Output Sink Current Го 71 400 = zh ҺА 
Capacitance Load (any output) с - | 25 pF 
к 
Input Capacitance (any input) | См _| = _ | 5 L. pF o] 
Clock Frequency EN — 1.6 = MHz 
= 
Power Dissipation Рр == | 250 mw 
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PACKAGE DIMENSIONS 


PIN NO. 1 
e% IDENT. 
.160 
(1.470) „| (.140) 610 
- (1.440) | — (589) 
а 5s 
(.008) 
‚700 
8 5 Іш — 
1 (023) -032 ЖЕДІ 150) (060 
(065) (015) (.090) tae (0601 
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T-1 PCM Devices 


R8060 and R8060A 
T-1 SERIAL RECEIVER 


DESCRIPTION 


The Rockwell T-1 Receiver processes serial unipolar data of a 
T-1,D2 or T-1,D3 line from which data and a 1.544 MHz clock 
have been extracted. 


Frame synchronization is accomplished by locating the frame 
bit (FT) alternating every 386 bits. Loss of frame sync is indicated 
if a frame bit error occurs within two to four F-Bit frames since 
the previous frame bit error. 


A loss of carrier is indicated if 31 consecutive bit times yield 
"zeros" at the input. Carrier loss is reset and frame sync search 
begins when a “опе” reappears at the TDATA input. 


Signaling bits, which occur 193 bit positions after a framing bit, 
are monitored to detect signaling frames. The signaling frame 
output, SIGFR, identifies the present frame as a signaling frame, 
and the S-Bit output at that time identifies which signaling frame 
is being processed. 


Remote alarm reporting is detected by monitoring the second 
received bit of every channel sample of every frame. An alarm 
is indicated if 255 consecutive Bit 2 zeros are received. 


Channel data bits are output by an eight-bit parallel register. The 
rising edge of the signal called channel clock (CHCLK) indicates 
the extraction of new output channel data. 


Several signals developed from a MOD 386 counter are provided 
to aid in the external processing and storage of channel data. 
Signals are provided to increment counters, synchronize 
counters, strobe data into memories, etc. 


The Rockwell T-1 Receiver chip operates on a single 5 volt supply 
and directly interfaces to the low power TTL Schottky logic family. 
The Receiver is packaged in a 28 pin dual in-line (DIP). 


Timing relationships are given in figures 3 through 5. 


FEATURES 
* Synchronizes serial T-1,D2 or T-1,D3 signals in less than 5 ms. 
* Extracts 8-bit parallel channel data 


* Provides timing signals to capture and synchronize channel 
and frame information 


* Monitors and detects 


— Errors in signaling bit pattern 
— Loss of frame sync 

— Loss of carrier 

— Remote alarm reporting 


* Single 5V supply 
* LSTTL Schottky compatible 


=. c 07 
TCLK 28 SIGER 
VDD (+5) 22 27 У звськ 
минвт C3 26 ЕЗТЬАТА 
B2ALRM С 4 25 сова 
TESTI га| А сов? 
ЕВА РАМСЈ6 23 [8 сове 
cHcLK C47 22 coes CHANNEL 
МАХСМТЕ 8 21-3 срва eia 
CHSYNC Со 20M совз 
SYNCEN [10 19 F3 срвг 
MR із сова 
GND 17 спімн 
CALRM Е 13 16 SBIT 
ЗВАБАМ С] 14 150 TESTO 


Pin Configuration 


ORDERING INFORMATION 


The T-1 Serial Receiver is available in two versions. With the 
standard commercial version, R8080, data will be stable within 
900 ns after the bit clock. With the selected version, R8060A, 
data will be available within 600 ns after the bit clock. 


CHANNEL 
DATA 


BITS 


Зкшато-о 
“өзаәзен- 
ба 


PARALLEL 
OUTPUT 


DATA 
REGISTER 
| P 
FRAME 15 


SYNCHRONIZATION 
CIRCUIT 


TCUK 
1.54 MHZ 
CARRIER LOSS Р 


DETECTOR 


SYNCEN) AIO 
MR 


MOD 386 
COUNTER 


test: >. 


(LEAVE OPENI 


74 
REMOTE ALARM 
DETECTOR BZA CEM: 


Figure 1. R8060 Biock Diagram 
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Т-1 RECEIVER INPUTS 


Any input <0.8V = LOGIC 0, LOW, ZERO. Any input =2.0V = 
LOGIC 1, HIGH, ONE. A transition from a low level to a high 
level is called a rising edge, while the converse is true for the 
falling edge. 


TDATA: UNIPOLAR T-1-D2, T-1-D3 SERIAL DATA INPUT 


Unipolar T-1 Data is clocked in on the falling edge of TCLK. 
Thereafter, TDATA is processed on the rising edge of TCLK. 
TDATA must be stable 100 ns before and remain stable 100 ns 
after the falling edge of TCLK. 


TCLK: T-1 CLOCK 


Typical clock frequency is 1.544 MHz. Maximum clock frequency 
is 1.85 MHz. The T-1 bit period is bounded by the rising edges 
of TCLK. 


SYNCEN: FRAME SYNCHRONIZATION ENABLE 


Provides a means to disable the automatic resync search initi- 
ated by a FRAME ALARM condition. If the SYNCEN signal is 
low, with synchronization function is inhibited and remains inhib- 
ited until SYNCEN transitions high. SYNCEN must be stable 
200 ns before the rising edge of FRALRM, in order to inhibit the 
synchronization function. 


MR: MASTER RESET 


Master Reset, when low performs an initialization clear of the 
T-1 Receiver; SBALRM and CALRM are reset to low levels while 
FRALRM, CHCLK, WIHBT and CHSYNC are set to high levels. 
Frame synchronization search begins on the rising edge of MR 
provided that SYNCEN signal has been high for 200 ns. 
Minimum pulse width is one T-1 clock period. 


CDINH: CHANNEL DATA INHIBIT 

Provides a means to disable channel data bit outputs. When at 
a high level, CDINH forces channel data Bits 1 through 7 high. 
Bit 8, the least significant channel data bit, is not controlled by 
CDINH. 


TESTI: ROCKWELL DEVICE TEST INPUT 


Used only for Rockwell device testing, no connection to TESTI 
is required for normal operation. 


VSS, VDD: GROUND AND POWER 


VDD = 
VSS 


+5.0 +0.25 VDC 
Ground, 0 VDC 


T-1 RECEIVER OUTPUTS 


Low Power TTL Schottky — compatible 
“1” > 2.4 Мас; “0” = 0.4 Vdc 
CMOS — 12 К 9 pullup to VDD required. 
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CDB (1-8): CHANNEL DATA BIT 1 THROUGH 8 


Bit 1 is the sign bit, Bit 2 is the most significant bit and Bit 8 
is the least significant bit. If CDINH is low. new parallel channel 
data becomes valid within 200 ns after the rising edge of CHCLK 
and remains valid until the next rising edge of CHCLK. If CDINH 
is high, channel data Bits 1 through 7 are forced to a high level. 
Bit 8, the least significant bit, is not controlled by CDINH. Chan- 
nel data Bits 1 through 7 are enabled or disabled within 300 ns 
(R8060) or 150 ns (R8060A) by CDINH. Refer to Figures 3 
through 5. 


CHCLK — CHANNEL CLOCK 


The rising edge of CHCLK indicates a change of parallel output 
channel data. CHCLK is four TCLKS high then four TCLKS low 
except for when an “Е” or “5” bit is received. Then CHCLK 
stretches to five TCLKS high and four TCLKS low. Refer to 
Figures 3 and 4. 


CHSYNC: CHANNEL SYNC 


Channel Sync occurs one time in a 24 channel period, making 
it suitable for synchronizing external counters to the T-1 Frame 
rate. CHSYNC goes low one TCLK period before the falling edge 
of CHCLK at channel 24 date sample time. CHSYNC returns 
high 1 TCLK period after the next rising edge of CHCLK. Refer 
to Figures 3 through 5. 


TESTO: ROCKWELL DEVICE TEST OUTPUT 


Designed to aid in Rockwell device testing. No connection 
required for normal operation. 


WIHBT: WRITE INHIBIT 


WIHBT covers the parallel channel data transition period. WIHBT 
is suitable for clocking or strobing channel data into external 
memories. WIHBT is high for two TCLK periods, beginning one 
TCLK period before the rising edge of CHCLK. Refer to Figures 
3 and 4. 


MAXCNT: MAXIMUM COUNT OF 386 MODULUS 


MAXCNT is low for one TCLK period, marking the completion 
of a two-frame period corresponding to the expected receipt of 
an F-bit at the TDATA input. Refer to Figures 4 and 5. 


SBCLK: S-BIT CLOCK 


SBCLK will be high during the S-Bit frame and low during the 
F-bit frame. The transitions will occur within 300 ns after the ris- 
ing edge of TCLK as channel 24 data is being transferred to the 
parallel channel outputs. Refer to Figures 3 through 5. 


S-BIT: SIGNALING BIT OUTPUT 


The S-Bit output monitors the previous S-Bit received which 
occurred two frames before the receipt of the current S-Bit. An 
S-Bit output transition occurs one TCLK period after the rising 
edge of SBCLK. 


R8060 • R8060A: 


T-1 Serial Receiver 


During a signaling frame (SIGFR is low), frame 6 or "А" highway 
signaling is identified by S-Bit output being low. If S-Bit is high 
during a signaling frame, frame 12 or “В” highway signaling 
is identified. Refer to Figures 3 through 5. 


СЕН: SIGNALING FRAME 


SIGFR identifies frame 6 ог 12 when low. If the sequence of five 
consecutive received S-Bits is either 0111X or 1X001 (left to right, 
as received), SIGFR shall go low after the rising edge, but at 
least 375 ns before the falling edge of WIHBT corresponding 
to channel 1 data sample time. SIGFR returns high one frame 
later (193 bits). Refer to Figures 3 through 5. 


SBALRM: S-BIT ALARM 


SBALRM goes high if the sequence of the five S-Bits received 
contains four consecutive ones (01111), and remains high until 
three consecutive “zero” bits are preceded and followed by а 
“опе” S-Bit (10001). The actual transition of SBALRM output 
occurs after the rising edge, but at least 375 ns before the fall- 
ing edge of WIHBT corresponding to channel 1 data sample 
time. 


B2ALRM: BIT 2 ALARM 

B2ALRM goes high, detecting a remote alarm condition, if 255 
consecutive channel data samples are received with Bit 2 low. 
B2ALRM returns low upon the receipt of any channel sample 
with Bit 2 high. 

CALRM: CARRIER LOSS ALARM 


A carrier loss is detected and CALRM is set high if 31 con- 
secutive low level TDATA bits are received. CALRM is reset low, 


- 


MR 


FRALRM is set high and frame sync search begins when the 
first TDATA high level is received. 


FRALRM: FRAME ERROR ALARM 


FRALRM detects an out-of-frame condition. FRALRM goes high 
if: 


A) 
B) 
C) 


The framing synchronization function is in progress. 
Within 250 ns after the falling edge of MR. 

An F-Bit is received which is not the inverse of the last 
F-Bit and the same condition also occurred two or three 
or four F-Bit frames earlier. 

Within 250 ns after the falling edge of CALRM, (CALRM 
being reset by high level TDATA bit). 


D) 


FRALRM goes low upon completion of the synchronization func- 
tion or within 250 ns after the rising edge of CALRM. (Carrier 
loss condition during frame synchronization function). 


OUTPUT CLOCK SIGNALS DURING FRAME 
SYNCHRONIZATION FUNCTION 


Following the Declaration of Frame Sync loss (FRALRM goes 
high), output signals will continue normally for a two-frame period 
with the exception of CHSYNC, which has the above mentioned 
second frame sync pulse inhibited. Following the two-frame 
period CHCLK, CHSYNC, and WIHBT are held high until frame 
sync has been located, as indicated by the falling edge of 
FRALRM. With typical data patterns, frame synchronization 
takes less than five milliseconds. See Figure 2. 


Ра је - о 


FRAME SYNC 
FRALRM | >) ee 
I ———À — 2 FRAME PERIOD —— ———»] 


Goa = — oh ee ие 
енєк ЭЧ РГ ee ае ШЕН тен КЕН гл. 


Figure 2. Signal Relatlonship During Frame Alarm and Search for Resynchronization 
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Figure 3. Signal Relationships at Beginning of Fs Frame (S-BIT) 
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Figure 4. Signal Relationship at Beginning of Ет Frame (F-BIT) 
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FRAME SYNCHRONIZATION SIGNALING SYNCHRONIZATION 
BIT (F BIT) PATTERN ВІТ ($ ВІТ) PATTERN 


по |" |» Te T+ |» [• Тео ге 


CHSYNC 


SBCLK 


SBIT 


(OUTPUT) 


SIGFR 


MAXCNT Џ U Џ 71 [ттт | сала 


FRAME = 24 TIME SLOTS = 193 BITS = 12515 
TIME SLOT = 51815 ONE BIT = 648 NS 
MULTIFRAME = 12 FRAMES = 1.5 MS. 


F BIT (Ет) FRAME ALIGNMENT SIGNAL SBIT (Fg MULTIFRAME ALIGNMENT SIGNAL 

(ODD-NUMBERED FRAMES) (EVEN-NUMBERED FRAMES) 
FRAME FIRST BIT FRAME FIRST BIT 

2 0 

4 0 

6 1 

8 1 

10 1 

12 0 


Figure 5. Multiframe Signal Relationships 


Table 1. Output Propagation Delay 
Worst Case, From Rising Edge to TCLK 


OUTPUT MAX DELAY (NS) 


CHCLK 300 
CHSYNC 300 
WIHBT 300 
MAXCNT 300 
SBCLK 300 
SBIT 400 
SIGFR 475 
SBALRM 475 
B2ALRM 450 
CALRM 300 
FRALRM 900 (R8060) 
600 (Я8060А) 
CDB (1-8) 400 


(1.470) 


(150) (060) 
E (325) (020) 


Packaging Diagram 
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MAXIMUM RATINGS* 


Parameter | Symbol Value Unit 
Supply Voltage | Voo | +4.75 to +5.25 | V 
Operating Temperature Range | Top О to +70 °С 
Storage Temperature Range | Tera —55 10 +150 °С 


ELECTRICAL CHARACTERISTICS 


(Vpp = %5У +5%, T, = 25°C) 


T-1 Serial Receiver 


“NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Parameter Symbol Min Max Unit 
Input Logic “1” Voltage Мін 2.0 Vpp + 0.3 M 
Input Logic “0” Voltage M -03 0.8 У 
Output Logic “1” Voltage VDH 2.4 У 
Output Logic “0” Voltage VoL 0.4 M 
Output Source Current Їон – 100 | ҺА 
Output Sink Current lov 400 ҺА 
Clock Frequency Так 1.85 1 MHz 
Input Capacitance C 5 pF | 
Output Capacitance Co 25 pF 
Power Dissipation Poss 550 mw 
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Rockwell 


R8070 
T-1/CEPT PCM Devices 


R8070 


T-1/CEPT PCM TRANSCEIVER 


PRELIMINARY 


INTRODUCTION 


The R8070 T-1/CEPT Transceiver is a new generation PCM 
(Pulse Code Modulation) protocol device designed and manufac- 
tured by Rockwell International. The new device utilizes CMOS 
technology providing a higher level of component integration 
than its predecessors; low power dissipation and many features 
and capabilities. The device is designed to meet AT&T and 
CCITT specifications, including EXTENDED FRAME and CLEAR 
CHANNEL and/or CEPT applications using T-1, T-1C or CEPT 
specifications. 


Product availability of R8070 Т-1/ СЕРТ PCM Transceiver is 
Winter, 1984. 


R8070 T-1/CEPT PCM Transcelver 


FEATURES 


• PCM format transceiver (transmitter and receiver in one chip) 

• CMOS technology design 

* 5-volt single supply voltage 

* 64-pin QUIP package 

* Meets CCITT G.732, G.733 and G.703 (applicable parts) 
specifications, and AT&T advisories 


* Operates with EXTENDED FRAMING, CLEAR CHANNEL 
and/or CEPT formats 

* Uses a clock of 1.544 (T-1), 1.576 (Ve T-1C), or 2.048 (CEPT) 
MHz depending on operation mode 

* Supports multiplex/demultiplex T-1C, mode 1 (synchronous) 
operation 

* Formats data to be serially transmitted/received according to 
CCITT and AT&T specifications 

* Mode Selectable — provides 17 different data format and zero 
suppression mode combinations 

* Selectable serial or parallel digital data interface 


* Provides status and alarm information to peripheral equip- 
ments for control and status reporting 

Allows external synchronization of the transmitter's internal 
circuitry 

* Generates signals for external processing of data 
Interfaces between multiplexed digital signals and the PCM 
highway 


APPLICATIONS 


* Channel Banks — add signalling and framing information to 

the multiplexed 24-voice channels 

CPI and DMI — provides bidirectional data communication 

between systems 

• PBX — interfaces between transmission medium and trunk 
side of PBX 

е Time and Space Division Switching — provides interface 
between PCM highway and dedicated time slot interchange 
circuitry 

* Can be used in virtually any voice/data system designed to 
AT&T or CCITT specifications for primary rate interface 


CUSTOMER BENEFITS 


Use of the R8070 will: 

* Reduce board layout area 

* Save power — CMOS low power dissipation 

* Provide higher design reliability — replaces 100 MSI with one 
chip 

* Provide cost reduction 

* Meet AT&T and CCITT specifications in a single device 

* Provide ease of signal processing on a digital data 


——€—————MÀ———————'Ó2gpaÓ———————————— d 


Document No. 29300N11 


Product Summary Order No. 311 
March, 1984 


R8070 


Т-1/СЕРТ PCM Transceiver 


SELECTABLE R8070 MODES 


ММЕМОМ!С DESCRIPTION 
TA 
193N 193 bits/frame, no signalling 
4 frames per super frame 
Zero suppression — 8825, B7 stuffing, or transparent 
1938 193 bits/frame, with signalling 
12 frames per super frame 
Zero suppression — 8825, B7 stuffing, or transparent 
193E 193 bits/frame, extended frame, with signalling 
24 frames per super frame 
| Zero suppression — 8825, В7 stuffing, or transparent 
193F 193 bits/frame, extended frame, no signalling 
24 frames per super frame 
Zero suppression — B8ZS or transparent 
197N | 197 bits/frame, Ve synchronous T-1C, no signalling 
4 frames per super frame 
Zero suppression, (None) transparent 
197$ 197 bits/frame, 1 synchronous T1-C, with signalling 
12 frames per super frame 
Zero suppression, (None) transparent 
CEPT 
256N 256 bits/frame, with signalling 
2 frames per super frame 
Zero suppression — НОВЗ or transparent 
256S Nl 256 bits/frame, with signalling 


16 frames per super frame 
Zero suppression — НОВЗ or transparent 


Legend: Zero Suppression Key 
8825 = Bipolar 8 Zero Substitution 
B7 = Bit 7 
HDB3 = High Density Bipolar 3 Zero Max 
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SEMICONDUCTOR PRODUCTS DIVISION REGIONAL ROCKWELL SALES OFFICES 


HOME OFFICE 


Semiconductor Products Division 
Rockwell Internationai 
4311 Jamboree Ра. 
Р.О. Box С, MS 501-300 
Newport Beach, CA 92658-8902 
714) 833-4700 

: 910 591-1698 


UNITED STATES 


Semiconductor Products Division 
Rockweli internationsi 
1842 Reynolds 
irvine, CA 92714 
714) 833-4655 
LS 62108710 
TWX: 910 595-2518 


Semiconductor Products Diviston 
Rockweii Internstionai 
3375 Scott Bivd., Suite 410 
Santa Clara, CA 95051 
(408) 960-1900 
LX: 756560 


ALABAMA 


Robert O. Whiteseli & Associates 
Holiday Office Center, Ste. 103 
3322 So. Memorial Parkway 
Huntsvitle, AL 35801 
(205) 883-5110 

X: 810 726-2112 


ARIZONA 


Hecht, Henschen, & Assoc. inc. 
2435 E. University Dr. 
Phoenix, AZ 85034 
602) 275-4411 
X: 910 951-0635 


ARKANSAS 


Norcom 
(See Tulsa, Oklahoma) 


CALIFORNIA 


Thresum Associates, Inc. 
21580 Stevens Creek Blvd. 
Suite 207 
Cupertino, CA 95014 
(408) 996-9889 

: 910 338-2081 


integrated Systems & Device Sales 


11340 W. Olympic Blvd., Ste. 355 
Los Angeles, CA 90064 
(213) 478-0183 

X: 910 342-6997 


Integrated Systems & Device Sales 


2101 East 4th St. 
Ste. 255, Bldg. B 
Santa Ana, СА 92705 
(714) 973-2162 


integrated Systems & Device Sales 


22! Ventura Bivd., Ste. 260 
Woodland Hills, CA 91364 
818) 883-7130 

X: 910 494-1220 


Brian De Pierre & Assoc. 
8380 Miramar Road, Ste. 200 
San Diego, CA 92126 

(619) 578-2555 


Semiconductor Products Division 
Rockweii international 
921 Bowser Rd. 
Richardson, TX 75080 
е) 996-8500 
‘elex: 73-307 


Semiconductor Producta Division 
Rockweli internationai 
10700 West Higgins Rd., Ste. 102 
Rosemont, IL 60018 
312) 297-8862 

Х: 910 233-0179 (RI MED ROSM) 


Semiconductor Products Division 
Rockwell international 
5001 B Greentree 
Executive Campus, Rt. 73 
Mariton, NJ 08053 
{608 596-0090 
: 710 940-1337 


EUROPE 


Semiconductor Products Division 
Rockwell international GmbH 
Fraunhoferstrasse 11 
0.8033 Munchen-Martinsried 
Germany 

(089) 857-6016 

elex: 0521/2650 пта d 


Semiconductor Products Division 
Rockweil internationai (UK) Ltd. 
Heathrow House, Bath Rd. 
Cranford, Hounslow, 
Middlesex, England TW5 9QW 

(01) 759-9911 

elex: 851-25463 


Semiconductor Products 
Rockwell Coilins itsliana S.P.A. 
Via Boccaccio, 23 
20123 Milano, italy 
992) 498-7479 

elex: 316562 НСІМІ 1 


UNITED STATES / CANADA 
SALES REPRESENTATIVES 


CONNECTICUT 


Kitchen & Kutchin 
605 Washington Ave. 
North Haven, CT 06473 
(203) 239-0212 


DELAWARE 


Beacon North inc. 
(See Fairfax, Virginia) 
FLORIDA 

Currie, Peak & Frazier, Inc. 
7335 Lake Ейепог Dr. 
Orlando, FL 32809 
(305) 855-0843 

Х: 810 850-0106 


GEORGIA 


Currie, Peak and Frazier, Inc. 
5660 B Peachtree ind. Bivd. 
Norcross, GA 30071 

(404) 449-7662 


IDAHO 


Caruso & Northcutt 
(See Bellevue, Washington) 


ILLINOIS 


Rockwell intornational 
10700 W. Higgins Rd., Ste. 102 
Rosemont, IL 60018 
912) 297-8862 
elex: 910 233-0179 (RI МЕМ ROSM) 
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INDIANA 


Robert O. Whiteseli & Associates 
3426 Taylor St. 
Fort Wayne, IN 46804 
219) 432-5591 
X: 810 332-1416 


Robert О. Whiteseli & Associates 
6691 E. Washington St. 
Indianapolis, IN 46219 
317) 359-9283 

X: 810 341-3320 


Robert O. Whiteseil & Associates 
1825 So. Plate St., Ste. А 
Kokomo, IN 46901 
317) 457-9127 

: 810 269-1917 


IOWA 


2070 
Dy-Tronix inc. 
23 Twixt Town Rd. NE 
Suite 201 
Cedar Rapids, ІА 52042 
319) 377-8275 

X: 910 525-2052 


KANSAS 


Dy-Tronix Inc. 
(See Cedar Rapids, lowa) 
(See Bridgeton, Missouri) 


KENTUCKY 


Robert O. Whitesell & Associates 
110 Daventry Ln., Ste. 210 
Louisville, KY 40223 
(502) 426-7696 

Х: 810 535-3105 


LOUISIANA 


Robert O. Whitesell & Associates 
(See Huntsville, Alabama) 


FAR EAST 


Semiconductor Products Division 
Rockweii International 

Overseas Corp. 

Itohpia Hirakawa-cho Bldg. 

7-6, 2-chome, Hirakawa-cho 
Chiyoda-ku, Tokyo 102, Japan 

(03) 265-8806 

Telex: J22198 


Rockwell—Coilins int'l. 
Tai Sang Commercial Bldg. 
11th Floor 
24-34 Hennessy Rd. 
Hong Kong 
9 274-321 

LX: 74071 HK 


MAINE 


Kitchen & Kutchin, inc. 
(See Burlington, Massachusetts) 


MARYLAND 


Beacon, North, Inc. 
8513 Lucerne Rd. 
Randallstown, MD 21133 
(800) 336-3747 (MD, DE) 
(703) 591-1300 


Beacon North, inc. 
16985 Moss Meadow Way 
Mt. Airy, MD 21771 

(703) 591-1300 

(800) 336-3747 (MD) 


MASSACHUSETTS 


Kitchen & Kutchin, inc. 
87 Cambridge St. 
Burlington, MA 01803 
617) 229-2660 

X: 710 332-8914 


MICHIGAN 


Robert O. Whitesell & Associates 
688 Cascade West Parkway S.E. 
Grand Rapids, MI 49506 
(616) 942-5420 

X: 810 273-6933 


Robert О. Whitesell & Associates 
18444 W. 10 Mile Rd. 
Southfield, MI 48075 
613 559-5454 
: 810 224-4939 


Robert О. Whitesell & Associates 
1822 Hilltop Rd. 
St. Joseph, Mi 49085 
616) 983-7337 
Х: 810 270-3180 


MINNESOTA 


Semiconductor Products 
Rockwell Internationa! 
11900 Wayzata Blvd., Ste. 216K 
Minnetonka, MN 55343 

612) 544-7404 

Х: 910 576-3438 


MISSISSIPPI 


Robert O. Whitesell & Assoclates 
(See Huntsville, Alabama) 


MISSOURI 


2068 

Dy-Tronix Inc. 

11190 Natural Bridge Rd. 
Bridgeton, MO 63044 
(314) 731-5799 

TWX: 910 762-0646 


2069 

Dy-Tronix inc. 

13700 E. 42nd Terrace, Ste. 202 
Independence, MO 64055 

(816) 373-6600 


MONTANA 


Rockwell international 
(See Rosemont, Illinois) 


NEBRASKA 


Semiconductor Products Division 
Rockwell Internstionai 

10700 West Higgins Rd., Ste. 102 
Rosemont, IL 60018 

(312) 297-8862 

TWX: 910 233-0179 (RI MED ROSM) 


NEVADA 
Thresum Associates, Inc. 
(See Cupertino, California) 
NEW HAMPSHIRE 
Kitchen & Kutchin, inc. 
(See Burlington, Massachusetts) 


NEW JERSEY 


PAF Associates, inc. 
508 Main St. 
Boonton, NJ 07005 
(201) 335-0680 
Naudain Аззос., 
10026 Greentree 
Executive Campus, Rt. 73 
Marlton, NJ 08053 

(609) 963-5300 


NEW MEXICO 


Rockwell International 
(See Rosemont, Illinois) 
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SALES REPRESENTATIVES (Continued) 


NEW YORK 


Ossmann Com mponent Sales Corp. 


154 Pickard В! 
Syracuse, NY 13211 
315) 455-6611 

X: 710 541-1522 


Ossmann Component Sales Corp. 


280 Metro Park 
Rochester, NY 14623 
que 424-4460 

WX: 510 253-7665 


PAF Associates, Inc. 
120 W. Main St. 
P.O. Box 242 
Smithtown, L.i., NY 11787 
(516) 360-0940 

TWX: 510 227-7918 


NORTH CAROLINA 


Currie, Peak and Frazier, Inc. 
1212 Grove St. 

Greensboro, NC 27403 

(919) 373-0380 


МОВТН ОАКОТА 


Rockwell international 
(See Rosemont, Illinois) 


OHIO 


Robert О. Whitesell & Asseciates 
1172 West Galbraith 
Cincinnati, OH 45231 
619, 521-2290 
WX: 810 465-8330 


Robert О. Whitesell & Associates 
6000 West Creek Ра. 
Suite 21 
Cleveland, OH 44131 
216) 447-9020 
IX: 810 427-2211 


Robert О. Whitesell & Associates 
6161 Busch Bivd., Ste. 108 
Columbus, OH 43229 

(614) 688-9396 

TWX: 801 337-2076 


Robert O. Whitesell & Asseciates 
4133 South Dixie Ave. 
Dayton, OH 45439 
619 298-9546 
WX: 810 459-1827 


OKLAHOMA 


Norcon, Inc. 
2227 S. Garnett, Ste. 116 
Tulsa, OK 74129 
916) 832-7747 
Х: 910 860-5456 
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OREGON 


Caruso & Northcutt 

3800 SW Cedar Hills Blvd. 
Suite 160 

Beaverton, OR 97005 
(503) 646-4973 


PENNSYLVANIA 


Naudain Assoc., Inc. 
(See Marlton, New Jersey) 


Robert О. Whitesell & Associates 
1360 Old Freeport Rd. 
Suite 1-B 
Pittsburgh, PA 15238 
412) 963-6161 
: 710 795-3144 


АНООЕ ISLANO 


Kitchen & Kutchin, Inc. 
(See Burlington, Massachusetts) 


SOUTH CAROLINA 


Currie, Peak and Frazier, Inc. 
51 Royal Gate Dr. 

Columbia, SC 29204 

(803) 254-1971 


SOUTH OAKOTA 


Rockwell International 
(See Rosemont, Illinois) 


TENNESSEE 


Robert O. Whitesell & Associates 
942 Snapp Ferry Rc. 
Greeneville, TN 37743 
(615) 639-6154 
X: 810 576-4594 


TEXAS 


Norcom, Inc. 

4450 Sigma Rd., Ste. 
Dallas, 1X 75234 
(214) 386-4888 

TWX: 910 860-5456 


Norcom, Inc. 
8330 Burnet Rd., Ste. 106 
Austin, TX 78758 

512) 451-2757 

WX: 910 860-5456 
Norcom, Inc. 
6502 Tybor, Ste. 115 
Houston, TX 77074 

713) 776-0393 

X: 910 861-1056 


VERMONT 


Kitchen & Kutchin, inc. 
(See Burlington, Massachusetts) 
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VIRGINIA 


Beacon North, Inc. 
11244 Waples Mill Rd., Ste. C 
Fairfax, VÀ 22030 
(703) 591-1300 
800) 336-3747 (MD, DEL) 
LX: 89-9198 Beaconele FRAX 


Beacon North, Inc. 
1 Beacon Ct. 
Forest, VÀ 24551 


(804) 239-8486 
: 910-997-0163 BEACON LYN WD 
WASHINGTON 


Caruso & Northcutt 
555 16th Ave. N.E. 
Suite 215 
Bellevue, WA 98004 
206) 454-0699 

WX: 910 443-3065 


WASHINGTON, O.C. 


Beacon North, Inc. 
(See Fairfax, Virginia) 


WEST VIRGINIA 


Robert О. Whitesell & Associates 
(See Cincinnati, Ohio) 


WISCONSIN 


Larsen Associates Inc. 
10855 W. Potter Rd. 
Wauwatosa, WI 53226 
4 14) 258-0629 

WX: 910 262-3160 


WYOMING 


Rockweil international 
(See Rosemont, Illinois} 


CANADA 


Renmark Electronics Limited 
180 Yorkland Blvd., Ste. No. 1 
Willowdale, Ontario 
Canada M2J 1R5 
416) 494-5445 
elex: 06 986 557 RENMARK TOR 


Renmark Electronics Limited 
357 Dufferin St. 

Carlton РІ. 

Ontario, Canada K7C 3K4 
(613) 257-1490 


UNITED STATES 
ALABAMA 


Hamiitcn/Avnet Electronics 
4940 Research Dr. N.W 
Huntsville, AL 35805 
gos 837-7210 

: 810 726-2162 


Contact Eiectronics 
3313 Mem. Parkway S. 
Suite 127 

Huntsville, AL 35801 
(205) 881-9321 


ARIZONA 


Hamliton/Avnet Eiectronics 

505 So. Madison Dr. 

Tempe, AZ 85281 

602) 231-5100 or 894-1666 
X: 910 950-0077 


Bel! industries 
1705 W. 4th St. 
Tempe, AZ 85281 
(602) 966-7800 


CALIFORNIA 


Avnet Electronics 
350 McCormick 
Costa Mesa, CA 92626 
(44) 754-6111 

Х: 910 595-2638 
Hamilton Electro Saies OC 
3170 Pullman St. 
Costa Mesa, CA 92626 
(714) 641-4100 


Hamilton Electro Sales 
10950 Washington Bivd. 
Culver City, СА 90230 
(213) 558-2121 


Натіќоп/Аупеї Eiectronics 
internationai Group 

10912 Washington Blvd. 
Culver City, СА 90230 

(213) 558-2441 


Hamilton/Avnet Electronics 

4545 Viewridge Ave. 

San Diego, CA 92123 

(619) 571-7510 or 571-7500 
: 910 335-1216 


Beil industries 

1161 N. Fairoaks Ave. 
Sunnyvale, CA 94083 
(408) 734-8570 

TWX: 910 339-9378 


Hamilton/Avnet Eiectronics 
1175 Bordeaux Dr. 
Sunnyvale, CA 94086 


(408) 743-3355 

: 910 339-9332 
Hamilton/Avnet Electronics 
4103 Northgate Bivd. 


Sacramento, CA 95834 
(916) 925-2216 


Hamilton/Avnet Electronics 
20501 Plummer St. 
Chatsworth, CA 91311 

(818) 700-2600 


INDUSTRIAL 


Bell industries 

12322 Monarch St. 
Garden Grove, CA 92641 
(714) 220-0681 


Mouser Ejectronics 
11433 Woodside Ave. 
Santee, CA 92071 
(619) 449-2229 


Hamiiton/Avnet Eiectronics 
19515 South Vermont Ave. 
Torrance, CA 90502 


E 615-3931 
: 910 325-6229 
COLORADO 


Bell industries, inc. 
8155 W. 48th Ave. 
Wheatridge, CO 80033 
(303) 424-1985 


Hamitton/Avnet Electronics 
8765 Е. Orchard Rd. Ste. 708 
Inglewood, CO 80111 


(303) 740-1000 
: 910 935-0787 
CONNECTICUT 


Aimo Electronics 
3714 Whitney Ave. 
Hamden, CT 06518 
(203) 288-6556 


Hamiiton/Avnet Eiectronics 
Commerce Industrial Park 
Commerce Dr. 

Danbury, CT 06810 

(203) 797-2800 

TWX: 710 456-9974 


Ч.М. Electronics 

690 Main St. 

East Haven, CT 06512 
(203) 469-2321 


FLORIDA 


Hamliton/Avnet Electronics 
6801 N.W. 15th Way 
Fort Lauderdale, FL 33309 
(305) 971-2900 

: 510 956-3097 
Hammond Eiectronics 
1230 W. Central Bivd. 
P.O. Box 3671 
Orlando, FL 32805 
805 849-6060 

Х: 810 850-4121 Hammond ORL 


Hamiiton/Avnet Electronics 
3197 Tech Dr. North 
St. Petersburg, FL 33702 


(813) 576-3930 

: 810 863-0374 
Graham Eiectronics 
10810 72nd St. North 
Suite 201 
Largo, FL 33545 
(813) 541-4433 


GEORGIA 


Hamilton/Avnet Eiectronics 
5825 Peachtree Corners E. 
Norcross, GA 30092 


(04) 447-7500 
: 810 776-0432 
ILLINOIS 


Advent Electronics 
7110-16 М. Lyndon St. 
Rosemont, iL 60018 
(312) 298-4210 


DISTRIBUTORS 


Већ industries 
3422 W. Touhy Ave. 
Chicago, IL 60645 
(312) 982-9210 


Hamilton/Avnet Electronics 
1130 Thorndale Ave. 
Bensenville, IL 60106 
312) 860-8522 

X: 910 227-0060 


INDIANA 


Graham Eiectronics 
3433 E. Washington 
Fort Wayne, IN 46803 
219) 423-3422 

: 810 332-1562 


Advent Electronics 
8446 Мойег Rd. 
Indianapolis, IN 46268 
(317) 872-4910 


Graham Eiectronics 
133 S. Pennsylvania St. 
Indianapolis, IN 46204 
(317) 634-8202 


Hamilton/Avnet 
485 Gradle Dr. 
Carmel, IN 46032 
317) 844-9333 

: 810 260-3966 


IOWA 


Advent Electronics 
682 58th Ave. Ct. S.W. 
Cedar Rapids, ІА 52404 
(819) 363-0221 


KANSAS 


Bei! Industries 

1221 Park Place N.E. 
Cedar Rapids, 1A 52404 
(319) 395-0730 


Hamilton/Avnet Electronics 
9219 Quivira Rd. 
Overland Park, KS 66125 


(91 Е 888-8900 
: 910 743-0005 
MARYLAND 


Hamilton/Avnet Electronics 
6822 Oak Hall Ln. 
Columbia, MD 21045 
301) 995-3550 

: 710 862-1861 


Almo Electronics Corp. 
15209 Frederick Rd., Ste. 201 
Rockville, MD 20850 

(301) 792-9197 


MASSACHUSETTS 


Aimo Electronics 
60 Shawmut Rd. 
Canton, MA 02021 
(617) 821-1450 


Hamilton/Avnet Electronics 
50 Tower Office Park 
Woburn, MA 01801 

(617) 273-7500 


Future Electronics Corp. 
133 Flanders Rd. 
Westboro, MA 01581 
(617) 366-2400 


R.C. Components, inc. 
222 Andover St. 
Wilmington, MA 01887 
(617) 273-1860 


А-З 


MICHIGAN 


Advent Electronics 

24713 Crestview Ct. 
Farmington Hills, М! 48018 
(313) 477-1650 


Hamiiton/Avnet Electronics 
2215 29th St. 5.Е. А-5 
Grand Rapids, М! 49508 


619) 243-8805 
: 810 273-6921 
Hamiiton/Avnet Electronics 


32487 Schoolcraft Rd. 
Livonia, Mi 48150 


e 522-4700 

: 810 242-8775 
Reptron 

‚34403 Glendale Rd. 


Livonia, MI 48150 
(313) 525-2700 


нота 


Voyager Electronics Corporation 
mmerce Circle М. 

бабу. ММ 55432 

(612) 571-7766 


Hamliton/Avnet Electronics 
10300 Bren Rd. E 
Minnetonka, MN 55343 


(612) 932-0600 
: 910 576-2720 
MISSOURI 


Hamilton/Avnet Electronics 
13743 Shoreline Ct. 
Earth City, MO 63045 


84 344-1200 
: 910 762-0684 
NEW JERSEY 


Generai Components, Inc. 
Route 73 

Berlin, NJ 08009 

(609) 768-6767 


Hamiiton/Avnet Electronics 
1 Keystone Ave. Bldg. 36 
Cherry НИ, NJ 08003 


(609) 424-0110 

1 710 940-0262 
Hamilton/Avnet Eiectronics 
10 Industrial Rd. — 
Fairfield, NJ 07006 


(201) 575-3390 
TWX: 710 734-4388 


Semispeciaiists of America Inc. 
1275 Bloomfieid Ave. 
Fairfield, NJ 07006 
201) 227-7444 
X: 710 734-4383 


NEW MEXICO 


Hamilton/Avnet Electronics 
2524 Baylor Dr. S.E. 
Albuquerque, NM 87108 
899 765-1500 

: 910 989-0614 


Bell industries 

11728 Linn М.Е. 
Albuquerque, NM 87123 
(505) 292-2700 


МЕМ УОВК 


CAM/RPC 

1577 Ridge Rd. West 
Rochester, NY 14615 
(716) 865-2080 


Hamitton/Avnet Electronics 
16 Corporate Cir. 
East Syracuse, NY 13057 
315) 437-2641 

X: 710 541-1560 


Hamiiton/Avnet Eiectronics 
333 Metro Park 
Rochester, NY 14623 
716) 475-9140 
X: 510 253-5470 


Hamiiton/Avnet Eiectronlcs 
933 Motor Parkway 
Hauppauge, М, NY 11787 
516) 231-9800 

Х: 510 224-6166 


Caeser Eiectronics 
368 Grant Ave. 
Bayshore, NY 11706 
(516) 242-8478 


Semispeclialists of America Inc. 


564 Smith St. 
Farmingdale, NY 11735 
(516) 293-2710 


МОЯТН САВОШМА 


Hammond Electronics 
2923 Pacific Ave. 
Greensboro, NC 27406 
(919) 275-6391 
Hamilton/Avnet Electronics 
3510 Spring Forest Rd. 
Raleigh, NC 27604 
919) 878-0810 

X: 510 928-1838 


OHIO 


CAM/RPC 

749 Miner Rd. 
Cleveland, OH 44143 
(216) 461-4700 


Hamilton/Avnet Electronics 
4588 Emery Industrial Parkway 
Cleveland, OH 44128 
216) 831-3500 

X: 810 427-9452 


Hamliton/Avnet Eiectronics 
954 Senate Dr. 
Dayton, OH 45459 
513) 433-0610 
Х: 810 450-2531 


Beil industries 
118 Westpark Ad. 
Dayton, OH 45457 
(513) 434-8231 


OKLAHOMA 


Quality Components, Inc. 
9934 East 21st St. South 
Tulsa, OK 74129 

(918) 664-8812 


OREGON 


Bell Industries 

6024 S.W. Jean Ad. 
Lake Oswego, OR 94034 
(503) 241-4115 

TWX: 910 455-8177 


Hamitton/Avnet Electronics 


6024 S.W. Jean Ad. 
Bldg. C, Ste. 10 
Lake Oswego, OR 97034 
503) 635-8157 

Х: 910 455-8179 


PENNSYLVANIA 


Almo Eiectronics 
9815 Roosevelt Blvd. 
Philadelphia, PA 19114 
(215) 698-4000 


Aimo Eiectronics 
4550 McKnight Rd. 
Pittsburgh, PA 15237 
(412) 931-5990 


CAM/RPC 

Stengel Building 
1476 Lititz Pike 
Lancaster, PA 17601 
(717) 392-8141 


САМ/ЯРС 

620 Alpha Dr. 

RIDC Park 
Pittsburgh, PA 15238 
(412) 782-3770 


Е.С.1. 

1569 W. King St. 
York, PA 17404 
(717) 843-8971 


TENNESSEE 


Graham Electronics 
230 Great Cir Rd. 
Suite 214 

Nashville, TN 37228 
(B15) 242-2682 


TEXAS 


Quatity Components, Inc. 


4257 Kellway Cir. 
Addison, TX 75001 
214) 387-4949 

X: 910 860-5459 


Quality Components, inc. 


1005 Industrial Blvd. 
Sugarland, TX 77478 
(713) 491-2255 


Quality Components, Inc. 


2427 Rutland Dr. 
Austin, TX 78758 
(512) 835-0220 


Hamilton/Avnet Eiectronics 


2401 Rutland Dr. 
Austin, TX 78758 
512) 837-8911 

X: 910-874-1319 


Hamilton/Avnet Electronics 


2111 W. Walnut Hill Ln. 
Irving (Dallas), TX 75062 
214) 659-4111 

X: 910 860-5929 


A4 


INDUSTRIAL DISTRIBUTORS (Continued) 


Hamiiton/Avnet Electronics 
8750 Westpark 

Houston, TX 77063 

(713) 780-1771 

TWX: 910 881-5523 


UTAH 


Hamilton/Avnet Eiectronics 
1585 West 2100 South 
Salt Lake City, UT 84119 
801) 972-2800 

X: 910 925-4017 


WASHINGTON 


Beil industries 
1900 132nd Ave. NE 
Bellevue, WA 98005 
(206) 747-1515 


Hamliton/Avnet Electronics 
14212 N.E. 21st St. 
Bellevue, WA 98007 
206) 643-3950 

X: 910 443-2469 


WISCONSIN 


Hamiiton/Avnet Electronics 
2975 Moorland Rd. 
New Berlin, Wl 53151 
414) 784-4510 
X: 910 262-1182 


Industríal Electrenics Corp. 
520 West McKinley Ave. 
Milwaukee, МЛ 53212 

(414) 276-1212 


Ве! Industries 

2325 C Bluemound Rd. 
Waukesha, WI 53186 
(414) 784-0235 


CANADA 


Hamilton/Avnet Electronics 
6845 Rexwood Rd., Units 3-5 
Mississauga, Ontario 
Canada L4V 1R2 

(416) 677-7432 


Hamilton/Avnet Eiectronics 
2816 21st St. N.E. 
Calgary, Alberta 
Canada T2E 622 
403) 230-3586 
Х: 03-827642 


Hamiiten/Avnet Eiectronica 
2670 Sabourin St. 

St. Laurent, Montreal, Quebec 
Canada H4S 1M2 

(514) 331-6443 


Hamliton/Avnet Electronics 
210 Colonnade Rd. 
Nepean, Ontario 
Canada K2E 715 
613) 226-1700 
X: 053-4971 


Future Electronics Inc. 
4800 Dufferin St. 
Downsview, Ontario 
Canada МЗН 558 

(416} 663-5563 


Cardinal Industrial Eiectronics Ltd. 
#10 5920 11th St. S.E. 

Calgary, Alberta 

Canada T2H 2M4 

(403) 259-6817 


Сагаіпаі Industrial Electronics Ltd. 
172 St., P.O. Box 12000 

Edmonton, Alberta 

Canada T5J 2P4 

(403) 483-6266 

Telex: 037-2372 


Future Electronics, inc. 
3070 Kingsway 
Vancouver, B.C. 
Canada V5R 5J7 

(604) 438-5545 


Future Electronics inc. 
237 Hymus Bivd. 

Point Claire 

Montreal, Quebec 
Canada H9R 5C7 

614) 694-7710 

'elex: 05-823554 


Future Electronics Inc. 
Baxter Center 

1050 Baxter Ға. 
Ottawa, Ontario 
Canada K2C 3P2 

(613) 820-8313 
Canadian General Electric 
189 Dufferin St. 
Toronto, Ontario 
Canada M6K 1V9 

(416) 530-2921 


